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Goals
Goals:

v Analysis of the impact of carrier generation (bulk generation current) on the
electric field profile in Si irradiated detectors
v Finding the correct approach for E(x) simulation

Importance:
Correct E(x) is required for adequate calculation of CCE

Earlier/Related results:

v Temperature dependences of reverse current: activation energy of generation
current of 1 MeV neutron and 23 GeV proton irradiated detectors was estimated
as 0.65 eV (E. Verbitskaya, et al., 20 RD50 workshop)

v Recent results on I(T) scaling: simulation and experiment; A. Chilingarov,
RD50 notes and presentation at 18 RD50 workshop, May 2011, Liverpool

v Presentations in Bari on electric field simulation
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AINVol = aF,
a = 3.7x1017 A/lcm

Linear fit of I(F) is a strong
argument to use linear
dependence of the concentration
of energy levels, which act as
generation centers, on F,
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Approach for calculation of E(x) profile

(PTI model)

We consider two independent processes

. . Ja(X) Je(X)
which control E(x) profile

1. Equilibrium carrier generation
(bulk generation current, z,,):

p* n*
Ibgen = eniVoI/rgen Neff At F > FSCSI
Generation occurs in SCR via effective \
generation level (0.65 eV), @
introduction rate M; = 1 cm, p* o n*
o, = o, = 1x10- 8 cm?, o(T) = o (T/T,)2
(defined from our I(T) data)

divlge, = G; G = nj/z,
G — generation rate ‘
jen ~ Gxdepth E(x)
Electron and hole components
jo(X) = GX; ju(x) = G(d - x)

This level does not contribute to N

+
P n*
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Approach for calculation of E(x) profile

2. Trapping to deep levels

DDs: E, + 0.48 eV,
DAs: E. — (0.525%0.005) eV

60000

— midgap levels used in all PTI

simulations and fits

50000

Filling factors are calculated for DDs £
and DAs which charged fractions — S30000
contribute to N« W 0000
No contribution of DDs and DAs 10000
to generation current! .

Then Poisson equation:

dE/dX — -eNeff/f,‘é‘o — E(X)

Method: Numerical simulation
(EXCEL)

p-on-n
E(X), Feq = 1ex10” cm™ vV =500 V, T = 260K
/ ’
0 0.005 0.01 0.015 0.02 0.025 0.03

X (cm)

Double Peak (DP) E(x) profile
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Alternative issues: comments

Recently: Simulation of detector characteristic using standard
simulating software (ISE-TCAD, Atlas (Silvaco), etc.)

Pres. at 20 RD50 workshop, Bari: R. Eber, Karsruhe, KIT;
M. Mifiano, IFIC, Valencia; also results from Deli University group

Main features

¢ DDs and DAs are implemented (the same levels as in PTI model) which

are considered as traps and generation levels
¢ Disagreement in current when calculating with standard simulator,

no DP E(x)
¢ To agree with expected current calculated from « and F, tuning of initial

parameters is done

(suggested: cross-sections, reduced lifetime, introduction rate)

Question: lifetime — is it recombination lifetime as in Simulator Standard
physics model for a sensor with no radiation damage? Value?
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Alternative issues: comments

If recombination is considered: =-—p At F beyond SCSI — p-Si in base region,

main electrons are minor carriers which diffuse

Base, SCR, unction towards SCR
-V diffusion generation _
Jare l5ir depends on Ly = (D 7,,.)°° to (d-W) ratio
e — ‘]dl’ h In SCR DIVJdI’ e.h =0
‘Je_dr = enVe_dr = ‘]e_dif = const
p* n* If so, no DP E(x) arises!

Also, generation and diffusion have different dependences on Vand T

lgen(V) ~ Vo= (W ~ V09) lyen(T) ~ €Xp(-E4/2KT) - plot I-V in log-log scale

This may be the most probable reason for necessity to make tuning/tailoring/
/adjustment of initial parameters for simulation (e.g., o, K) in standard software

(see presentations on Simulation mentioned above and at 21 RD50 workshop)
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Relationship between different lifetimes

Generation-recombination currents are described by Sah-Noyce-Shockley model
When pn<n?, generation rate U:

i i1, it s

- [T+ (pind]+ o | +{"-'ﬂ.]J.

where the generation carrier lifetime r, is equal to

e er i N om M

- = ELY
il s

| +(rie} | +{(pin,]
. rF = — +
S. M. Sze. Physics of £ e N e T
. . f ol 1 | ACTAST
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F P 3
_'*]+n"e'l""+*]+.:rlrl.}""' (95

I

Depending on the electron and hale concentrations, the generation lifetme can be
rach longer than the recombination lifetime and has 8 minimum valee of roughly
bwice that of the recombmation hifetime, when both » and p ore much smaller than n,,

Generation: If n=p=n, Tyen_min = 2Trec

Trapping — controls CCE; all levels contribute to 7 since pulse signal is measured within
0 = 25 ns that is far less than detrapping time constant for larger energy gap (at RT)

Uncertainty in lifetime may be the most probable reason for necessity to make
tuning/tailoring/adjustment of initial parameters for simulation in standard software
(see presentations on Simulation mentioned above and at 21 RD50 workshop)
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1.0E-04

Generation Iifetime vs. F

Ibgen

Tgen = (EN, o1

=enVol/z,,; lyen = aFVol For trapping: 1/7, = fF,,

Lo = 3.2x1016 cm?nst; g, = 3.5x1016 cm?nst

Ty ¢ = 3.1X10°/F, . Mandi¢, et al.,

Tgen = 4.32X107/F, 7 = 2.9x108/F NIM A 612 2010) 474

Tgen VS. F
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1.0E-08

1.0E-09

Tgen & 107,

——tau_gen from RD50
I(F) dependence

O tau_gen from PTI FOI' Feq - 1X1014 Cm-z

model
Tyen = 4.3X107 s

whereas lifetime used in Silvaco

7= 1x107 s — recombination lifetime?

1.0E+12

1.0E+13

1.0E+14 1.0E+15 1.0E+16 . .
Feq (nfcm?) How to insert #(F) in standard software?
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Another trend in alternative issues:

implementation of multiple traps

Feq ~ 1014 cm2 DLs: DD, DA, VV- In plots: concentration of charged DLs
and total N
Ny = 1x1014 cm-3 Ny = 1x1016 cm-3
\AY \AY
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Carrier generation via single effective level 0.65 eV
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Results on simulated N..Ax) and E(x)

iy Neff(x), 290K, 300 V Neff(x), 290K, 5e14 cm-2
6E+12
4F +12
2E+12 T e
~\. 2412 o= =
= 0 S _ 0 \ \ \ —300V
L 2E+12 T\ o \ \ \\
£ N £ 2E+12 — 500V
; -4E+12 — 1.00E+13 \ \ S i \\ \ \
i < — 1000 V
g 6E+12 —— 1.00E+14 \ E eis \\\ \
8E+12
s —3.00E+14 \ 8E+12
—— 5.00E+14 \ AE+13
-1.2E+13 ~—
-1.4E +13 "1.2E+13
0.005 0.01 0,015 0.02 0.025 0.03 -1.4E+13
x (cm) 0 0.005 0.01 0.015 0.02 0.025 0.03
X (cm)
E(x), 290K, 300 V -
40000 ’ ’ 60000 E(X), 290 K, 5el4 cm 2
— 1.00E+13 50000 —200V -~
30000 1 00E+14 _ —300V /
B ——3.00E+14 / i #0000 00V
L > — 1000V /
> —s, 2
Z 20000 5.00E+14 — 30000 /
x .’_‘, / //
= w
w
20000 7
10000 e ‘/_//,/
10000
0 0
0.005 0.01 0.015 0.02 0.025 0.03
X (cm 0 0.005 0.01 0.015 0.02 0.025 0.03
x (cm)

E. Verbitskaya, V. Eremin, 21 RD50 workshop, Nov 14-16, 2012, CERN 13




I (nA)

Simulation of I, using two levels

E. Verbitskaya, et al., presented at 20 RD50 workshop, Bari, May 30 — June 1, 2012

Bulk generation current may be simulated using two levels (TL):
— two independent processes
DDs: Ev + 0.48 eV; DAs: Ec — (0.525+0.005) eV

protons, TL simulation

¢ kyp and ky, are different for

1.B+02 neutrons and 23 GeV protons;
1.E+01 % ¢ cross-sections should be
1.E+00 tuned
o1 L " . . :
5E+12 R, ek, — Using a single generation
1.6:02 | -~ - simul. ooy, R level for |, calculation is more
a N . .
1.E-03 |- SE+13 o 66%. simple and unambiguous
simul. I
1.E-04 |- N AT
2E+14 ot L RS
TEO0S 11 —. . simul. ‘\
1.E-06 ‘ ‘ ‘ ‘ —
0.0025 0.003 0.0035 0.004 0.0045 0.005 0.0055

1T

E. Verbitskaya, V. Eremin, 21 RD50 workshop, Nov 14-16, 2012, CERN

14




Impact of I, on E(x) profile

Key parameters for adequate E(x) description: bulk generation current and deep traps

Impact of I,,, — double peak E(x) Simulation without current — no DP E(X)
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= PTImodel, Kdd,da=1
5 OE+04 —293K, current / 3.5E+04 1 /
—293K, no current // 30E+04 H =—lgen=0,Kdd,da=1 /|
4.0E+04 —_—
—_ 253K, current _ 25E+04 H = PTImodel, Kdd,da=0.8
g ——253K, no current g
S 308404 S 20E+04 [ ——Igen=0, Kdd,da=08
w w
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0.0E+00
0 0.005 0.01 0015 0.02 0025 0.03 0.0E+00
X (cm) 0 0005 001 0015 002 0025 0.03
X (cm)
lyen IS IMportant parameter

since it gives correct E(x) reference to other characteristics (CCE, t,)
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Conclusions

Y PTIl model considers E(x) profile formation in irradiated Si detectors
caused by two independent processes: carrier generation via effective
level with E_ = 0.65 eV and carrier trapping to midgap DDs and DAs.

¥ This model gives nice agreement of the current with I(F) dependence

Therefore,
Consideration on contribution of bulk generation current gives adequate
description of irradiated detector characteristics

Y The nature of lifetime used in standard simulation software should be
clarified
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