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Freeze-out Effect at Low
Temperature

Inn

Ec-Ed =10 meV , Ea—- Ev =30 meV

~exp (—6,/2kT)

E KT@4 Kelvin = 0,3 meV

At T 10 kelvin Silicon is Intrinsically depleted

Cap. Detector = Geometrical Cap.
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Charge Collection + Trapping
at Low Temperature

Cascade Capture Model Developed by PitaevskKii
Review Paper from Abakumov Sov.Phy.Sem.1978

e e 2 Type of competiting processes:

a) Scattering Cross Section from Coulomb center

b) S.C.S from “forming dipoles”

For High Purity Material (less 10*14 imp/cm3) process b is dominating

b) Type Cross Section is proportional to ( Nd,a)3/4

I O O

To Decrease Dipoles SCS We Need High Purity Silicon



Silicon Detector study at low Temperature for Dark Matter
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FIG. 3. Normalized pulse height vs electric field for high-purity samples.
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TR T LA Tt B N [0, B e [ LI B
| ,_ _" 1.1 i R | T T T T T =] T '_]
relative I a I
sensilivity 4 rax | 4 @ e
relative position
0.8 - of 122keV peak 1
1 0.9 <
0.6 = 0.8 H -
—a— 300K ] 0.7 == N
0.4 o ROK 7 52 :r:ih
- Ty
—e—20K il 0.6 !:‘ ——20K o
—n—4K
02 ) 30mE —o—4K
—— 0s F —ao— HimK
0 ||||l-1J|||l|4,l;|.|;4|||l|]1||1 0.4 L e a i L RS ST T e S N 1 10 A P
0 20 40 60 80 100 120 140 160 0 20 40 &0 80 100 120 140 160
Bias (V) Bias (V)

'épooner et al IEEE Trans.Nucl.Scien.40-1993-105



Mobility and Mean Free Path
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At LHe Temp.mobility increases
almost 3 O.M. respect to R.T.

- Electron mean free path increases at Low Temp.

1 g E(Vicm) | = E ion (eV)

| = electron mean free path | = Vsat. * Tau

Tau = mobility * mass / e

Mobility increases more than a factor 100

E avalanche from 10°5to 103 V/cm



Silicon Processing Stages




Experimental Set-Up

20 Lt LHe Dewar with LN2 Shielding

Liq. Helium Evaporation Rate:1,3 Lig.Liter/ho

Silicon detector chamber
Filled up with 2 mbar He Gas
To attain good,thermalization




P-Type Silicon PiN diode

Preliminar meas on test diodes
and single PAD diodes

Topsil material 40 KOhm*cm RT
1s' ring

diode area:31cm?
diameter: 6.28cm
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Capacitance + Leakage Current
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Cold Electronic Chain

I % [ o Si Detector at 4,7 Kelvin
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Peak(count)
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Collection efficiency vs Purity

E (V/cm) @ 100% charge colleff. VS Resistivity (KOhm*cm @ RT)

a) 1000 6,8 n-type Wacker
b) 125 12 n —type Wacker
c) 90 40 p—type Top-Sil

a) Braggio et al NIMA 568 (2006) 412
b) Braggio et al NIMA accepted for pub.
c) Braggio et this work

Charge Collection Efficiency Depends Critically from Purity Sample



Home Made Germanium
Schotky Barrier Detector

Cleaning procedure and electrode
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Conclusions
Perspectives at 4K

1) Freeze-out effect observed clearly through Capacity at LHe Temperature

2) Leakage Current less than 1 pA/cm”2
3) Low E Field 100% Charge Collection Efficiency depends on Samples Purity

4) Detectors Processing easy to arrange also with X-Y Strips

5) High Purity Samples can be processed to have 5 cm Thick Detectors TPC

6) Large electron mean free path decreases the Avalanche Electric Field

7) 4 Kelvin Cryocooler available nowadays No Liquid Helium handling



