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AIDAInNnova - Motivations

INFN and University of Perugia are involved in WP6 Task 6.2
Simulations of surface and bulk radiation damage for 4D (tracking+timing)
detectors toward more radiation tolerant solutions

{XAIDA

Calibration/extension of the previously developed simulation models

Calibration/extension of the previously developed models ("New University of Perugia TCAD model” and
its recent upgrade) by comparing the simulation findings with measurements carried out on dedicated
test structures as well as on different classes of 3D and LGAD detectors.

|II

Study the effect of surface and bulk radiation damage with reference to 4D
(tracking+timing) detectors toward more radiation resistance solutions.

The proposed activity will focus specifically on disentangling the effects of the two main radiation
damage mechanisms, e.g., the surface damage due to ionizing effect and the bulk damage due to
atomic displacement, with reference to 4D detectors toward more radiation resistance solutions.
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Extension of the Radiation Damage Model
“PerugiaModDoping”
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TCAD simulation of LGAD device

v In collaboration with JNVFN Torino: calibration/extension of the previously developed models by comparing
the simulation findings with measurements carried out on different classes of LGAD detectors.

v Comparison with experimental data, before and after irradiation (UFSD2 production, by FBK)
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SIMULATED C-V & 1/C%-V — HPK2, Split 1 & 2

v Pre & Post-irr.

Pad size:
1,25 x 1,25 mm?2

Edge distance:
300 pm

M. Ferrero et al., 1st ed., CRC Press (2021).
https://doi.org/10.1201/9781003131946

2 HENEX]

gptit ?

C-V, pre-irr. 1/C2-V, pre-irr.
1 ——SIM. Not Irr v — SIM. Not Irr
MEAS. Not Irr t

MEAS. Not Irr |
=

106-10F

Tuning of the
doping profile
based on the
C-V matching

Capacitance (F)

Cl=3.5pF
Q010 VgL =53.5V | z ooezz| : Vep > 60V
6 QID 40 60 G‘ E-‘J ;
Reverse Voltage (V) Reverse Voltage (V)
"PerugiaModDoping”
:": Torino analytical parameterization "

o Gain Layer (Acceptor Removal)
o Bulk (Acceptor Creation)
* “Perugia0” Bulk/Surface Radiation Damage Model

Surface damage (+ Q,,) Bulk damage

Acceptor | EcSESE0S6 | 056 | Dy=Dy0)

Donor | <5 <E406 | 060 | Dy=Dy0)

................................................................

@0l

"
INFN

Capacitance (F)

Capacitance (F)

C-V, post-irr.

gt

0.5E-10}

—— SIM. 1E14 neg/cm?2
— SIM. 4E14 neq/cm?2
SIM. 8E14 neq/cm?2
SIM. 1.5E15 neq/cm?2
MEAS. 1E14 neqg/cm?2
MEAS. 4E14 neqg/cm2
MEAS. 8E14 neg/cm2
MEAS. 1.5E15 neqg/cm2

meas.
artifact

‘I..

x % ox X

6.0E22

4.0E22

1/C2 (1/F2)

2.0E22

1.0E-10}

0.5E-10|

0.0E-10

20 40
Reverse Voltage (V)

—— SIM. 1E14 neqg/cm2
— SIM. 4E14 neqg/cm?2
SIM. 8E14 neq/cm?2
SIM. 1.5E15 neg/cm2
MEAS. 1E14 neg/cm2
MEAS. 4E14 neq/cm2
MEAS. 8E14 nea/cm2
MEAS. 1.5E15 neqg/cm2

meas.
artifact

x % x %

‘I.‘

8.0E22

6.0E22

4.0E22

1/C2 (L/F?)

2.0E22

P — | I

20 40 o
Reverse Voltage (V)

0.0E22

0.0E22

— Simul.
.. X Meas.

1/C?-V, post-irr.

T T

F ——SIM. 1E14 neg/cm?2
8.0E22|-

— SIM. 4E14 neqg/cm2
SIM. 8E14 neg/cm?2
SIM. 1.5E15 neqg/cm2

x  MEAS. 1E14 neg/cm2
MEAS. 4E14 neg/cm2
MEAS. 8E14 neg/cm?2

= MEAS. 1.5E15 neq/cm2

x  x

meas.
artifact

50 1(I)O
Reverse Voltage (V)

—— SIM. 1E14 neg/cm2 =
—SIM. 4E14 neg/cm2
SIM. 8E14 neg/cm?2
SIM. 1.5E15 neg/cm2

x  MEAS. 1E14 neg/cm2
MEAS. 4E14 neg/cm?2
MEAS. 8E14 neg/cm2

x  MEAS. 1.5E15 neqg/cm2

x  x

Reverse Voltage (V)

ISTITUTO OFFICINA
DEI MATERIALI

Istituto Nazionale
di Fisica Nucleare

C

INFN

P I Muctars

tommaso.croci@pg.infn.it




MEASURED C-V & 1/C?-V — HPK2, Split 1

AIDA
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SIMULATED C-V & I-V — HPK2, Split 2

v Pre-irr.
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SIMULATED I'V — HPKZ, Sp“t 1 “PerugiaModDoping”

I-V, vOv Opt VS. Massg

-V, vOv VS. Massey... y.0p
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SIMULATED I‘V - HPKZ, Spllt 1 “PerugiaModDoping”
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TCAD simulation of 3D device

v In collaboration with the University of Trento: validation of the previously developed model (*) by comparing
the simulation findings with measurements carried out on different classes of 3D detectors.

v Comparison with experimental data, before and after irradiation (FBK R&D, Batch 3)

*) 50x50-1E 25x100-1E
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effects: a state-of-the-art review, Front. Phys. 9 (2021) 617322. S H
“5um o rzeflzcscflrcccfencclesncnnensnnnsrnsnnnnnzenns .
[9] A. Folkestad et al., Development of a silicon bulk radiation = p* column p-s.:ay Active thickness Effective Gap :
damage model for Sentaurus TCAD, NIMA 874 (2017) 94. e, r: T | 100- 150 ~20 jum :
NB: simulation based on the CERN Bulk Damage Model used -38 °C, :
the leakage current was then scaled to -25 °C using the SRH model. H:'r:n?::r:i:er .
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SIMULATED I-V - Surface Damage Model

v Pre & Post-irr.

I-V (sim.)

I-V (meas.)

0.35 P A
—— Pre-irradiation, Vgg=125V ’0".‘ .,' / “
0.30] — Dose=10Mrad, Vgs=126V S Lot S "’f’ .
—— Dose=20Mrad, Vgg=126V - : I [
’.‘.. * S L L L ,_-.-.-\.--_—_:._—_—-aL—- ]
—_ 0.25_ _ fh_,,.\__-.-.—qw_-n.-\..-ﬂ_'\-h. e .
s g 1024 [ : ]
5 0.20- 5 . :
J Structure 50 % 50-1E S 100 - S ;
] . @ U
gor Column radius 2.5 um g R
@ Effective gap 20 pum @ —_—
0.10 Temp _25 OC 10—2 i —ih— Expl, Pre-lrradlatlon, Vey=119V
Perudia Surface ' —-= Expl, Dose=50Mrad(y-ray), Vgg=120V
0.05 1 Model Used Damga e Model e, | —+— Exp2, Pre-irradiation, V=126V
g L 10749 | —-- Exp2, Dose=50Mrad(y-ray), Vaq=127
[ ] -l
D.OD I I I I 1 I T -‘ .:l T T T T T T T
0 20 40 60 80 100 120 *m*® 0 20 40 60 80 100 120
Voltage (V) Voltage (V)
—— Simul.
—X= Meas.
° - . —
0 van Overstraeten - de Man model. Temperature 248 K
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SIMULATED I-V - Bulk Damage Model

I-V, 50x50-1E I-V, 25x100-1E

12

v’ Post-irr.

12 : —
9 2 —-= Expl, Vgg=140V 1 ! i / —-= Expl, Vgg=1TN Ky
Icm —-- EXp2, Vgg=108V / ,-’ / _/‘ —- Exp2, Veg=172V ,//'/
“eq 109 —.- Exp3, Vgy=102V /,:' i / 101 —-- Exp3, Vas > 200V yav
—-- Exp4, Vgs;=118V j i /-’ —-- Exp4, Vas=192V /.’/_ y
Calculated Damage Rate at V,=100V, T=20°C 08| SimPerugia, Ves=lasv  j / L/ 0.8{ — SimPerugia, Vas=172v e
— = — = Sim-CERN, Vgg=27N _//,/ ; 4 = Sim-CERN, Vgg=399V S L,
u (l a £ .//' A/' /./ = ./, /'/ v
. . € 061 /-// 7 -y £ 061 RS ,-/
Structure | Experiment | Perugia Model | CERN Model E Lz g P —7
- : : o 77 _- o T
(10A/cm) | (10 A/cm) (101 Alcm) 0 2 LT
50x50-1E 6.92+1.14 5.92 4.90 - e
0.2 1
25x100-1E | 4.25+0.91 5.74 4.22
0.0 . . . . : . . : . . : . . . . .
0 25 50 75 100 125 150 175 200 0 25 50 75 100 125 150 175 200
5e‘ 6 Voltage (V) Voltage (V)
3.0 . 12
« 9 2 —-= ExXpl, Vgg=110V j / —-- Expl, Vgg=172V
|cm —-- Exp2, Vgg=122V ! //’ —:= Exp2, Vgg=194V
“eq 2.51 —.- Exp3, Vgg=130V / _,//:/ 1.0+ —-.- Exp3, Vgy > 200V
—-- Exp4, Vgg=120V /.’ //._///'.’ — .- Expd, Vgg > 200V
77 . -
| —- Exp5, Vea=118v < L5 | EXPS, Vgg=192V
(1* (1* (1* _ 20 EXP6, Vaq=108V /f : J-’_ / ,./ ~ 0.8 EXp6, Vg > 200V
. ] 2 —— Sim-Perugia, Vgg=154V 7 /.,//‘ v 2 —-= Exp7, Vgg > 200V
Structure | Experiment | Perugia Model | CERN Model £ 15— SImCERN, Vgg=249V Y- 4 £ 061 — simPerugia, Vsy=179V : R
- - - 5 7 5 Sim-CERN, Vgg=389V Ve A
(10YA/cm) | (10Y7Alcm) (101 Alcm) 3 o s 3 prEERH, Ve A
LT 0.4 4 Pl
50x50-1E | 4.41+ 0.36 5.91 5.14 s GO
e ,//,‘_/,”.;;,2 :
25x100-1E | 3.87+0.43 5.54 4.09 = 02{) _ztie™
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T 0 5 s » 10 1Bs Bo 15 200
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) . 2O, van Overstraeten - de Man model. Temperature 248 K — Simul.
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Conclusions & Next steps

v Recent upgrade of the Perugia radiation damage model/ — “PerugiaModDoping”

O

O

Traps parameterization (New University of Perugia TCAD model)

Gain Layer and Bulk effective doping evolution with ® (Torino analytical parameterization)

v The new model has been verified for LGAD devices, by comparing TCAD simulations w/ measurements

O

O

UFSD2 production (FBK): static (DC), small-signal (AC) and gain behavior well reproduced
HPK2 production (HPK): DC and AC behavior well reproduced (but pay attention to the impact ionization model)

to measure (w/ B source) and to simulate: gain behavior before and after irradiation

v Validation of the "New University of Perugia TCAD model” with 3D detectors (in collaboration with Trento group for
3D detectors modelling)

O

@)

di Fisica Nucleare

n @01

Perugia Bulk Damage Model can predict the breakdown quite accurately, despite the shape of the I-V curves is quite different from the

measured ones
CERN Bulk Damage Model is better at predicting the leakage current, but largely overestimates the breakdown voltage
To measure: DC behavior and laser response of 3D and trenched-3D detectors, before and after irradiation

(up to the fluence of 2,5E15 n.,/cm?)
To validate the new model "PerugiaModDoping” against the already-in-house and new measurements
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TCAD radiation damage model used

» “New University of Perugia model”
v Combined surface and bulk
TCAD damage modelling schemel®!
v' Traps generation mechanism

» Acceptor removal mechanism

| PARAMETERS C
EXTRACTION _ |

g::} ~ MODEL | %
opsys: |15

N (¢) = N,(0)e® Tersnens_| —
E MODEL
where VALIDATION |
+ Gain Layer (GL) orim |
¢ C, rgmoval rate, ev.alugted using the | CCE\IEV/
Torino parameterization! .
Surface damage (+ Q,,) Bulk damage

[3] AIDA2020 report, TCAD radiation damage model - CERN Document Server
[4] M. Ferrero et al., Radiation resistant LGAD design, Nucl. Inst. And Meth. Acceptor | Ec< E; <E-0.56 0.56 Dyy = Dy (@)
In Phys. Res. A, November 30, 2018. doi: 10.1016/j.nima.2018.11.121

Donor E.-0.23 | 0.006 2.3x1014 2.3x101°

Acceptor | E;-0.42 1.6 1x1013 1x10%4

Donor Ey <E; < E,+0.6 0.60 Dy = Dy(D)

Acceptor | E--0.46 0.9 7x10714 7x10713

€3 (INFN  tommaso.croci@pg.infn.it
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http://cds.cern.ch/record/2705944

Acceptor Removal — the ¢ formula

» Acceptor removal mechanism

N () = N,y(0)e <?
where
« Gain Layer (GL)
* ¢, removal rate, evaluated using the
Torino parameterizationl®

C = Nsi - Osi , Ng = 5-1022 cm-2
Cpar NA(0) Og =7.5:1022 cm?
1 Nao = Pa. = 4.5:10% cm™3
D; = 2 NA(0) = pa(0)

Cpar =0.63 / kcap

[4] M. Ferrero et al., Radiation resistant LGAD design, Nucl. Inst. And Meth.

In Phys. Res. A, November 30, 2018. doi: 10.1016/j.nima.2018.11.121

Acceptor removal coefficient

3E-15 p
ENO Carbon
"Carbon1
[ Carbon 2~

—
p—

(75
m
=
(=]

cl’lBUtl‘Ol‘lS [cm 2]

3E-17

- Y

FCBL-CBH

-
i

- — Tt e

1E+16

Initial acceptor density [cm-3]

R AIDAinnova, WP6 Meeting, February 2022
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Acceptor Doping Evolution with @

v Bulk effective acceptor doping

A

IN

N

N [@atoms/cm?]

Acceptor Creation

3E+14 ,
¢ 55um n-in-p Ix
|- - g=0.02cm 4
2E+14 } ---g=0.03/cm .,., ’,/
..... N_A bulk . -
- fitting
” 4 s’ i - i P T L et &
- T aet 0NN .
| 0 e saturation
4.-fi"'«'" -
AL
0E+00 - ; ‘
0 5E+15 el

(GEALETTDS
- . CASEE N
= )
[ EEQ
a
Istituto Nazionale ISTITUTO OFFICINA
di Fisica Nucleare DEI MATERIALI e

Fluence [n.,/cm?]

Lancaster, UK (2019)]

 Torino Bulk analytical parameterization
(Acceptor Creation)

vif 0 < ® < 3el5 n,/cm?
Nabui(®) = Np pu(0) + g+ @
where g. = 2,37e-2 cm'!
vif ® > 3el5 n/cm?
Np bui(®) = 4,17€13 - In(®) — 1,41e15

[M. Ferrero et. al, Recent studies and characterization on UFSD sensors, 34" RD50 Workshop,

AIDAinnova, WP6 Meeting, February 2022
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SATURATION

v' Saturation of radiation effects observed @ ® > 5E15 n.,/cm?

Leakage current [uA]

100
@, [105 cm 7]
[G. Kramberger et al.,

doi:10.1088/1748-0221/8/08/P08004]

0(-23°C) = 3.48 - 101° A/em -

Leakage current saturation

| = aVOD

o. from linear to logarithmic

# holes L ]

M electrons

e

By, =4.7+1.0 cm?/ns
! B. = 3.520.6 cm2/ns

5 10 15 20 25 30
®,, [ 10* cm?

[G. Kramberger et al.,
doi:10.1016/j.nima.2018.08.034]

Trapping probability saturation

l/Tef‘f = B(I)
B from linear to logarithmic

N e [€m]

3E+14 |

2E+14 |

1E+14 |

OE+00

Acceptor-like defect creation

+ 55 um n-in-p B
= = 9 0.03/kem L
P
= "9 0.030m e
"""" Log. (55 um nrin-p) i -7
- - ’d- .
- ’- - ’
P N R
T = L= - y = 4 B3E+13In{x) - 143E4+15
S -
o S
e
| noe | 1E+16

Fluence [n,,/cm?]

[M. Ferrero et al.,
34*® RD50 Workshop, Lancaster, UK]

Acceptor creation saturation
Nﬁﬁﬁf= ch}
g. from linear to logarithmic

Silicon detectors irradiated @ ® 1E16 — 1E17 neq/cm2 behave better that expected
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New series of Perugia models

elaAL (1) efaA? (em™1) etaD (cm-1) EmidAL (eV) EmidA2 (eV) EmidD (eV) hxAL(em*2) A2 (cm*2) edD (em'2)

| Case ] L6 09 0006 042 046 023  I100E14  TOOEL3 230E-14JN

(Case 16 09 006 0@ 055 023 10EMIWEM 23k “New University of Perugia TCAD model'fy
Case 3 16 0 02 042 0545 023  100E14  LD0E14 23014

Case 4 16 09 02 042 046 023 1B 700E13 23el4  We always have two acceptor levels (A, A))
:‘EEISE"E] L6 09 002 042 0545 023 100E14  L00ed4 23614 and one donor level (D)

Casef 16 09 002 042 046 023 100E14  T700E-13  230E-14

Case7 16 09 001 042 046 02  10El4 700E13 23El4  eta: introduction rate;

Case @ I 09 005 o0& 04 03 IMEM  TMELR 23El  Emid: mid-energy level of uniformly distributed
Case g 16 09 0015 042 046 023 IE4 140812 23El4  band of traps;

Case 10 L6 09 0.015 042 046 023 S00E14  T00e1r 23014 hx/ex: capture cross sections for holes/electrons;
:Easell 16 15 0,015 042 046 023 10014 7O0E13 230E14 exA = hxA/10, hxD = exD/10

Case 12 2 09 0015 042 046 023  100EM4  TO0E1?  230E-14

(Case 13 25 09 0015 042 046 023  100E14  TO0E13  230E14

(Case 14 3 09 0015 042 046 023 L0014  7O0E13 230614

Case 15 5 09 005 oA 046 02  L00E14  T00E13 2MEM  BEST CASE: the one for which the sum of
ICFISE 16 10 08 0015 042 046 023 100E-14  TOOE-13  230E-14 squares of relative differences between
Case 17 10 09 0015 042 046 023 1.00E-14 4 00E-13 EEHEH/ simulated and experimenta| values of all
I Case 18 10 12 0015 042 046 0.23 100E-14 400E-13 EEUE'HI |mp0rtant parameters iS minimized

[2] AIDA2020 report, TCAD radiation damage model - CERN Document Server.
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http://cds.cern.ch/record/2705944

TCAD simulation of PIN device

v In collaboration with JNVFN Torino: calibration/extension of the previously developed models by comparing
the simulation findings with measurements carried out on different classes of PIN detectors.

v Comparison with experimental data, before and after irradiation (UFSD2/UFSD3.2 production, by FBK)
I-V, 55 um thickness _. CCE, 55 um thickness

7 : . » [3] o
PerugiaModDoping SN 1
““Illll:lllllllllllll-lllllllllllllllllll-lllll.lllllllllllllll....‘ m—é;‘;"'j‘:____ :___.__.,.--."_'_ - 08: ;;j_
» + Torino analytical parameterization U S IR S °F
H . < 4a” P N
= = = T ¢ W 0.6 i
u . u e y!
: O Bulk (Acceptor Creatlon) : g Experimental: ¢ = 8,0E14 n_ifem® 8 -
[ u 5 07 = - Simulated: ¢ = 8. DE1ﬂ"f1'"]’é'r‘s1 0.41
: n - ” . - : = —— Experimental: ¢ = 30E15 .|'7m r ,
: * “Perugia0” Bulk/Surface Radiation Damage Model : [ Smated o= soE1S e . G T—
: : 10 E —_— E.xpsrlmsntalr b= 1.0E-1-6ﬂ;ﬁ?:ma- 3] L Simulated: n,,=10. 0cm’, g, e = TOE-13 s
= = [ 777 Simulated: 0 = 1.0816 nferh T =300 K r Simulated: 1, = 100 ¢, o, = 4.0E-13 en’
= Surface damage (+ Q) Bulk damage = i | i or R
. . L R R R R R R 0" : L 110“6
: Donor | E.-023 | 0006 | 23x10%% | 23x10% : Reverse Voltage (V) Fluence (neq/cmz)
E Acceptor | E < E; < E-0.56 056 Dyy = Dy(®) prmeree e s B RIER Rrrer . . 1/Cz_v’ 55 Km thickness ” 1/C2_V 25 le thICkI"IESS
:‘ Donor | Ey<E;<E+0.6 0.60 Dy = Dr(®) Acceptor | Ec-0.46 | 09 7x10% | 71013 .: 250: — == - —_— — mi_______ “Mﬁﬁ - - —
* L4 E ar T
....llllllllllllllllllllllllllllllllllllllllllllllllllllllllll““ m:— :j; 4 .l."'-
[3] P. Asenov et. al, Nucl. Instrum. Methods Phys. Res. A T A —". ié’é‘é‘é’f{!figé' ;:C
= r = Ea/ — Experimentat, 0
1040 (2022) 167180. = S _Ea§§ 'I;Ula 25°C
. . r(l) 10— : ‘é sn_r / :Cxperlmen al,
[4] V. Sola et al., First FBK production of 50 um ultra-fast s P S S e o0
silicon detectors, Nucl. Instrum. Methods Phys. Res. A, 2019. NVEV AR & .. T=300K £
C 2 £y ®.=50E15-n. lem?2
[5] A. Chilingarov, Temperature dependence of the £ . ICD .SPElsrl feam | 0 I D i
current generated in si bulk, JINST 8 P10003, 2013. B w e w W e W W ' ” o K . 0
Reverse Voltage (V) Reverse Voltage (V)

Massey model. Electrical contact area 1 x 1 mm?
1 S IR tommaso.croci@pg.infn.it
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HPK2

v' 2"d sensor HPK production

v R&D for the ATLAS and CMS timing detectors
v' Deep and narrow multiplication layer

v' High-resistivity bulk

v 4x splits of p-gain dose (1, 2, 3 and 4)

Figure A.9 HPK2 wafer layouts. Left: small sensors. Right: large sensors [110].

Table A.11
Devices in the HPK2 Production
Table A.10 Layout Device geometry Edge Inter-pad
Wafers of the HPK2 Production ) S P pad size:
2x32 SE3 P4 ) 5
Wafer # Wafer layout Split of p-gain dose Target breakdown voltage [V] @ RT iig 3122 ﬂii 1,25x 1,25 mm
_ 3%3 SE3 IP5
T i s B w
d m . 5%5 SE3 P4
4243 Small 4 (lowest p-dose) 240 o SE Irs
Sx5 SE3 IP7 SINGLE
S5x5 SE3 P4
. 5x5 SE3 1P5
O1-V and C-V meas. curves, pre-irr. 55 SE3 1p7
. 5x5 SE5 1P7
0 C-V meas. curves, post-irr. w/ neutrons Large 88 SES 1p7
- 15x 15 SE3 IP7
0O1-V and C-V meas. curves, pre and post-irr. w/ neutrons fo <15 SES 7 | —
32x16 SES 1P7

M. Ferrero et al., An Introduction to Ultra-Fast Silicon Detectors, 1st ed., CRC Press (2021).
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MEASURED C-V and 1/C?-V — HPK2

v Pre-irr.

c(v)-Hpk2 @ RT, 100 kHz

1,60E-10
1,40E-10 E
4 E
1,206-10
o 1,00E-10 [
W
£ * Split1
§ 800611 [
] - split2
a . -
8 6,00e-11 | split3 E
split4
4,00e-11 [ !
: C=3.5pF
2,006-11 - Lo
Vg, =54.5V: : _
0,00E400 . . L : ; : ) . |
0 10 20 30 40 50 60 70 20 2 =3 F
Bias [V] cﬁ-
R
£
1/cr2(v)-Hpk2 @ RT, 100 kHz Z L
8E422 E
TE+22
6E+22 |
5E+22 - b=
= E
g o split 1 E
Sap22 [ )
< ° Split2
L .
~ 3g422 Split 3
split4
2422 |
1422 |
0
0 10 20 30

-
wen @

CALCULATED

Doping Profile-HPK2

.|'la.-

"1

.\* S TR RE Y %

M. Ferrero et al.

1O

Depth [a.U.]
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AIDA

SIMULATED dOpIng profiles — HPK2, Split 1 innova
v’ Pre-irr. ~|| TopP o BOTTOM
% . MEAS.
S (Split 1)
5
§ |
aussian S |
C?1++—strip Lg)) ‘ %?Ez?ﬁon
§ o

4

Constant
analytical
profile

*

Constant analytical profile

/_) ® ;‘"\\L ” //’4,;

INEN @ l°"| 2 b S
Istituto Nazionale ISTITUTO OFFICINA X ‘ \\\\\ - -

o 2= AIDAinnova, WP6 Meeting, October 2022
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SIMULATED C-V and 1/C%-V — HPK2, Split 1

AIDA

innova

v Pre-irr.

c(v)-Hek2 @ RT, 100 kHz

1,60E-10

. MEAS.

1,20E-10

= 1,006-10
o

£ o split1
8 800611 |
3 + split2
a .
8 6,006-11 split3
splita
400611 [
~
200641 | C=35 pF
H
H
0,00+00 ¥ )
0 10 20 30 40 50 60 70 80 9%
Bias [V]
86422
| MEAS
.
6E+22
SE422
v
by o split1
Sapn )
< o Split2
< )
35422 Split 3
split4
242
16422
0
0 10 20 30

Istituto Nazionale ISTITUTO OFFICINA
di Fisica Nucleare

DEI MATERIALI

1.5E-10

1.0E-10

Capacitance (F)

0.5E-10

0.0E-10

SIM vs. MEAS.

SIM. Not Irr
= MEAS. Not Irr

c
: Vg, =53.5V f;

Reverse Voltage (V)

1/C2 (1/F2)

= 3.5 ;:

8.0E22

6.0E22

4.0E22
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SIM vs. MEAS.

LI B B

LA I e e e e

®

SIM. Not Irr
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SIMULATED doping profiles — HPK2,

v' Pre & post-irr.

Gaussian
n**-strip

—
©

<III- L]

Split 1

AIDA

innova

Doping Concentration [a.u.]

TOP

(siM)Not trr
(sim)1E14 neg/cm2
(sIM)4€14 nea/cm2
(sim)8E14 negicm2

)

)

)

(SIM)1.5E15 neq/cm2
(sm 2.5E15 neqfcm2
(sIM)3E15 neq/em2
(sim)4E15 neq/em2

x  (MEAS) Not Irr

BOTTOM

E 3
%
3t flx
k.3
- ;
—
]
,,mt"
v e x o X XRERFX
® " x x = x x x ¥ ®F ¥ %
......... P S Y Y S S Y Y S S S T T YA S S S S S
L .
& \
0’ ‘0
o~ Depth [a.u *
.* U, .,

“PerugiaModDoping”

-----------------------------------------------------------------
)

<« Torino analytical parameterization

o Gain Layer (Acceptor Removal)

o Bulk (Acceptor Creation)

Surface damage (+ Q,,) Bulk damage
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Accep! EcSE SE-056 056 Dir = Dyl ®@)
Aeceptor | £.-02 | 15 | mao® | maow
nor [ 6, <Er< 0 =0r@) P

.
----------------------------------------------------------------
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MEASURED C-Vs — HPK2, Split 1, W28

v' Post-irr. w/ neutrons

Gain layer deactivation-HPK2

60
50 ..
HPK2-split1(W28) e
CV measurements-Neutrons @ RT, 2-3 kHz o S
1,60E-10 > ; T o Splitl (W28)
20 |
1,40E-10 10
No |l r
1,20E-10 e 0
— +1E14 n eq/cmnz 0,00E+00 1,00E+15 2,00E+15
|I'_I-| - Fluence n_eq/cm~2]
g 1,00E-10 ——4E14 n_eq/cm”2
c ——8E14 n_eq/cmA2
S 8,00E-11 L5E1 a > HPK2-Neutron irradiation
% —~1.5E15n_eq/cm 1,20 Evolution of GL-fraction
2 6,00E-11 2.5E15 n_eq/cmA2 N
(@] g 1,00 _ _
4,00E-11 3E15 n_eq/cm"2 £ c =5,61E-16
——4E15 n_eq/cm”"2 g 080
2,00E-11 § 0,60
0'00E+00 Loy Ly e ‘g 0'40
0 10 20 30 40 50 60 So20 [ —siaws
Bias [V] 000 ¢ L . . .
1,00E+13 1,00E+14 1,00E+15 1,00E+16
Fluence n_eq/cmn2]

M. Ferrero et al.

R Y el L

tituto Nazion. ISTITUTO OFFICINA
di Fisica Nucleare DEI MATERIALI

AIDAinnova, WP6 Meeting, October 2022



MEASURED C-Vs — HPK2, Split 2, W33

v' Post-irr. w/ neutrons
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SIM. vs MEAS. C-V & 1/C%-V — HPK2, Split 1
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SIM. vs MEAS. C-V & 1/C%-V — HPK2, Split 1
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SIM. vs MEAS. C-V & 1/C%-V — HPK2, Split 1

AIDA
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v Post-irr. (® = 1,5E15 n,,/cm?)
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SIM. vs MEAS. C-V & 1/C%-V — HPK2, Split 1
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v Post-irr. (® = 2,5E15 n,,/cm?)
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SIMULATED structure — HPK?2

v Pre-irr.

only the metal mask layer was available
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SIMULATED doping proflles — HPK2

v Pre-irr.
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SIMULATED C-V and 1/C2-V — HPK2, pre-irr.
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