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Experimental evidence of the gain

Signal vs. Bias Voltage
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Electric field evolution with fluence in
PAD detectors (single peak model)

The electric field in PAD N on P silicon detector
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Depth profile of multiplication

Avalanch probability along the detector
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Voltage dependence of the CCE

The detector operates at RT.

The detector thickness is 300um.
Fluence 1e16n, /cm2

The trapping tlme | =T1,=2.5e-10 s,
Electron collection to the n* side
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PTI model for stabilization of avalanche
multiplication by deep levels
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The approach is based on the explanation of high breakdown voltage for heavily irradiated P on N silicon
detectors via the electric field suppression by the local current injection.

(V. Eremin et. al., “Scanning Transient Current Study of the |-V Stabilization Phenomenon in Silicon
Detectors Irradiated by Fast Neutrons”, NIM A, 388 (1997), 350.)
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J(x)

PTI model and origin of Double Peak (DP)

‘ electric field distribution \

V. Eremin, E. Verbitskaya, Z. Li. “The Origin of Double Peak Electric Field Distribution
in Heavily Irradiated Silicon Detectors”, NIM A 476 (2002) 556.

-V
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Trapping of free carriers

from detector reverse current
to midgap energy levels

of radiation induced defects
leads to DP E(x)

DLs responsible for DP E(x) are midgap DLs:

DD:E +0.48 eV
DA: E_—0.52 eV
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Electric field manipulation
in bulk of heavily irradiated detector
by hole injection
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E.Verbitskaya et al., “Optimization of electric field distribution by free carriers injection ....”
IEEE trans., NS-49 (2002), p. 258.
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Calculation of the Electric field with PTI
model of
"Space Charge Limited Avalanche”
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Current focusing effect in detectors
with SCLA

NO current focusing
(PAD configuration)
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Voltage dependence of the gain in
SCLA mode
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Current focusing effect on the gain in
SCLA mode
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Current focusing effect in detectors
with SCLA

NO current focusing
(PAD configuration)
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Reverse current (UA)

CCE and currents after neutron

irradiations
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I-V characteristics in SCLA

Fn=1e16 cm-2, T = 260K

0.0007

0.0006 /

0.0005 ri/‘/(r
CE —r——0—T¢ ¢ ¢ ¢ \ g
O 0.0004 —
< —— Bulk generated
-
c ..
@ 0.0003 —&— Avalanche injected
3 —&— Total
(&

0.0002 /

0.0001 ry./-/.,—l—/

0 .

0 500 1000 1500 2000
Voltage, V

V.Eremin, RD50, Nov 2010



Current focusing effect on the detector
leakage current in SCLA mode
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Back side junction breakdown ?
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Deep donor generation and the
irradiated detector breakdown

Fn=1e16cm-2 Double side avalanche injection
T=260K Positive feedback
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The approach is based on explanation of the high break down voltage
for the heavily irradiated P on N silicon detectors via the electric

field suppression by the local current injection.

(V. Eremin et. al., “Scanning Transient Current Study of the I-V Stabilization Phenomenon in
Silicon Detectors Irradiated by Fast Neutrons”, NIM A, 388 (1977), 350.)
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Conclusions

+ The PTI model of Space Charge Limited Avalanche
(SCLA) in heavily irradiated detectors explains the
major effect - the smoothed rising of CCE with
the applied voltage without breakdown.

* The new limitation for the detector operational
voltage - the sharp rise of the reverse current
could be related with the back side junction
breakdown.

+ This back side junction breakdown could come from
the high density of deep donors and it simulation
requires more details on the introduction rate of
deep donors.
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Fluence dependence of the gain
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