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Radiation induced deep levels

As proposed from the RD50 Detector
Simulation Group :

e  Simulations by Synopsys ISE-TCAD
Version D-2010.03 of a pad sensor has
been carried out with the next

characteristics:

DOPING PROFILES
[p*] =3 x 107 cm?3
[n-bulk] =6 x 1011 cm3
[n*] =1x 10 cm3
Detector thickness ---- d=0.03 cm

Backplane

Type of defect Activation energy, Trapping cross Introduction rate,
eV section, cm cm’

Deep donor Epp-Ey=0.48 o, = 0,= le-15 Gpp=1

Deep acceptor Eps-Ey= l(\)/ig.gp%Am e 5 th_\:/:xlfmer:rl*isn Gpa=1




ISE-TCAD Code used for simulations

Parameters:

Electrode { Bias Voltage,
{Name="nplus" Voltage=0.0 Material="Aluminum"} temperature
{Name="pimplant" Voltage=0.0}

) and fluence

Physics {

Temperature=@<Temperature>@

Mobility( DopingDep CarrierCarrierScattering HighFieldSaturation Enormal) Standard physics model for a
Recombination(SRH(DopingDep) SurfaceSRH) sensor with no radiation
EffectivelntrinsicDensity(Slotboom) } damage

Physics (material="Silicon") {

#if @<Fluence==0>@ ## No Traps

#else

Traps (
(Acceptor Level fromValBand Conc=@<Fluence>@ EnergyMid=0.595 Radiation model for traps
eXsection=1.0E-15 hXsection=1.0E-15)
(Donor Level fromValBand Conc=@<Fluence>@ EnergyMid=0.48
eXsection=1.0E-15 hXsection=1.0E-15)
)

#endif }

Physics(Materiallnterface="0Oxide/Silicon") {

#if @<Fluence==0>@

Charge(Conc=4el1)

#else
Charge(Conc=1e12)

Recombination(surfaceSRH)

#endif }

Oxide charge
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Full Depletion Voltage

12000

T=290K

The n-type bulk is inverted
to p-type with irradiation
at 1013 cm™
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Electric Field Distribution @ 101> cm™2

T=260K F=1e15cm-2

S
2 [
B1as=200V B1as=300V
50
ElecincField [ em®-1] EledincField |V'om®-1]
! B.0E+04 10 ! B.0E+04
4.6E+04 4.BE+04
3BE+04 T 3BE+04
3 150
2.4E404 - 2.4E+04
1.2E404 1.2E404
. 200 .
0.0E+00 0.0E+00
250
30 T T e 300 ,,,..g I 260K
-50 [ 50 100 150 P00 250 300 350 100 150 200 P50 300 350
% [urn] X [ur]

B1as=500V Bias=1000v T= 2 9 O K

Eledrnchigd [V om®-1]

! B.0E404

EledncField [vom®-1]

0E+04
4.BE404 4.6E+04
SBE04 _ 3EE04
T'4E‘°: 5 24E04
. O'§E'go - . 1.2E404
0E+
0.0E400 =
0 2 0
50 Biag=200v 50 Bias=300V
EledricFietd [v'cm®-1] e
T T T T T T Eled ncField [V om®-1
50 100 150 200?50 300 350 100 150 100 P G.0E404 100 | é,gé,o,} !
% [um] % [um] 4.6E404
z T 4.8E404
5 50 3EE404 3 150 3EE404
- =
2.4E404 24E104
200 . 1.2E404 200 . 1.2E404
0.0E400 0.0E400
250 250
Inverted sensor T T T TR T TR T
-50 Q 50 100 150 200 250 300 350 -50 0 50 100 150 200 250 300 350
% [um] % [um]
N—=>P bulk -
q 2 q
50 Biag=500v 50 Bias=1000V
. . EledricFigid [V om®-1] romt-1
The electric field grows from B fa !
_ 4.BE404 — 4.8E404
€ 3
th b k I =l SEm 2 10 3EEs04
= B
€ Sensor packpliane 24504 pde0d
200 . 1.2E404 200 . 1.2E404
0.0E+00 0.0E00
250 250
M L~ \/=1 M il
- B e 300 I B B B T
Merced es M MV A= T8 ™ 500 280 500 50 100 150 200 750 300 350

¥ [um] % [um]



T=290K ¢ =1 x 101> cm™2

* Electric Field Distribution through sensor depth

- J|[— Bias=1000v t=1215cm-2
/|| — Bias=500V f=1e15cm-2
] / — Bias=300V f=1e15cm-2
/ —— Bias=200V f=1e15¢cm-2
100000 — /
.‘/,
8000 H —— Bias=1000V f=1e15cm-2
— 7 — Bias=500Y f=1e15cm-2
E — Bias=300V f=1e15cm-2
2 - —— Bias=200V f=1e15cm-2
E 6000
w T b A
o | 7\
z £ /
@ 50000 =] ]
] 2 4000 /
i g . f
E /
w b j 4
] 1 / \
1 /
2000 /
/
//
,"’/
-
0 1 2 3 4
T T T T Depth [um]
100
Depth fur The peak at front contact does not
Backplane

Front plane (p+) depend on bias voltage

Mercedes Mifano IFIC-Valencia 7



Electric Field [V/cm]

T=260K ¢ =1 x 101> cm™2

* Electric Field Distribution through sensor depth
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Electric Field [V/cm]

Temperature Effects

@500V and irradiated at 101> cm™2
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The peak at p+ contact decreases as temperature increases, whereas a
double junction effect is more evident.
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Electric Field [V/cm]
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Electric Field Distribution
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Leakage Current

Bulk generated current calculated from a single level model:

Traps |
{(Donor Lewvel fromCondBand Conc=@<Fluence>®@ EnerqgyMid=0.65
eXsection=1. 0E-13 hXsection=1.0E-13 )
)

1,5E-02 V =100 |J.m2 X 300um

1,3E-02 2 ¢ T=290K

Current related
e @ T=260K damage rate

9,0E-03 W

e IV = 4E-17*F AlV=a P

T [K] o
[x10'Y7 A/cm]
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3,0E-03 /

Current/V [A/cm3]

|/V = 2E-18*F
1,0E-03 290 4
4
-1,0E- QrEfOO 1,E+14 2,E+14 3,E+14
o Fluence [cm-2] 260 0.2

measured after 80min at 60°C :

Ve ol S THESS 'S " asueo = (3.99 + 0.03)10°"7 Além



Summary

Following the Vladimir’s proposals, simulations with ISE-
TCAD have been carried out in order to perform a cross-test

of the software.
The results are focused in Electric Field distribution in

irradiated sensors (2 midgap level model) and some
conclusions can be extracted:

e After bulk inversion an asymmetric double peak is seen
at both sides of the sensor.

* The peak at p+ contact seems to depend on:
* Temperature
* Irradiation dose

Full depletion voltage and leakage current (single level
model) characteristics are also presented.



Next Steps

Charge collection efficiency
Implementation of avalanche effect
Trap configuration

Geometrical dependence

Any suggestion is wellcome



Back Up
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Physics Models

)
eV Y = —q (p —n+ ND" - NA‘) Poisson Equation

— on
V * Jn — q Rne{ + q E
Transport Equations
— op
-V -J, = QRnet'i'qE
np — n:
RS HR _ P Leff Shockley-Read-Hall
net Model

(1 + ny) + (P + p1)
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| | electrons | holes | units |

Tmin 0 0 S

tmax | 1x107 | 3x107° S

Nres | Ix10™ [ IxI0™ [cem>
y I 1 I

Table 5.2: Default parameters for doping-dependent SRH hifetime.

with
.
My = Miess exp( — ) (5.14)
CE
D1 =Miess exp(— K"Z‘i”) (5.15)

where E,p 1s the difference between the defect level and mtrinsic Fermi level. The silicon
default value 1s E;rgp = 0.

The minonty lifetimes 7, and 7, are modelled as doping-dependent factors [101] with the

Scherfetter relation given by the equation 5.16 and with the default parameter values listed in
Table 52.

Tm—Tm
= Tpmin + 5.16
T T ey s
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Leakage Current
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