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Outline

Overview on carbonated wafers in FBK-UFSD productions (UFSD2, UFSD3 and UFSD3.2)
Focus on wafer with Deep-carbonated gain implant in UFSD3.2;

Carbon effects on un-irradiated UFSDs:
e Carbon-Boron Inactivation
Question to expert: “Why in carbonated implant less Boron is activated?”;
* Increase of leakage current:
* Reduction of the gain implant profile diffusion;

Comparison between acceptor removal measurements on Carbon Implantation

Shallow- and Deep-carbonated gain implants; "’ "’ "’

.
Optimization of the carbon dose to maximize the radiation - Gainimplant
resistant of the gain implant;
Discussion on the more intrinsic radiation resistant gain
implant design; ]
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Carbonated gain implants, roadmap at FBK

2017

2018 ——

2020 ——

A

UFSD2

Shallow-gain implants enriched with carbon for the first time

Wafer #

Gain dose Carbon Diffusion
0.98 Low
1.00 Low
1.00 HIGH

1.00

HIGH

11 Gallium 1.00 Low
12 Gallium 1.00

13 Gallium 1.04 Low
14 Gallium 1.04

15 Gallium 1.04 Low Low
16 Gallium 1.04 Low
17 Gallium Low
18 Gallium

Two carbon doses:
> Low =dose 1 a.u. (reference)

» High =dose 10 a.u.

Production as demonstrator of increased radiation resistant of
carbonated gain implants

R. Arcidiacono talk at 13th Trento Workshop on Advanced Silicon Radiation Detectors,

Munich, 2018
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Carbonated gain implants, roadmap at FBK

UFSD3
Shallow-gain implants enriched with four different carbon doses
Wafer # | Dose Pgain Carbon Diffusion
2017 —rt 1 0.98 L
2 0.96 L
3 0.96 A L
4 0.96 A L
5 0.98 A L
6 0.96 B L
2018 —— : g-: : : Four carbon doses:
\ 3 5 === = 3 » A=dose 1 a.u. (reference)
10 1.00 c L > B=dose?2a.u.
3 = ,: » C=dose 3 a.u.
13 1.00 H » D=dose5a.u.
14 A H
15 1.00 A H
16 B H
17 B H
18 B H
2020 —— 19 c H
20 C H
Exploration of the effect of different carbon doses on the gain

v implant radiation resistance
M. Ferrero talk at 33rd RD50 Works, CERN, 2018
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Carbonated gain implants, roadmap at FBK

UFSD3.2
Wafer# | thickness GLDEPTH | Dose Pgain Carbon | Diffusion | TWO gain Iayer designs:
1 a5 L 1*A ae | » Shallow-carbonated (standard )
» Deep-carbonated (carbon infusion

2017 —T— 3 45 L 0.8*A L . . . .

. N =) : samn X in deep implant for the first time)

Four carbon doses:

7 55 L 1*A L _|>» 0.4,0.8 and 1 a.u. co-implanted in
2018 — 8 4 ol A cat shallow implant;

9 55 U 1*A L

" o ” P | » Dose 0.6 and 1 a.u. co-implanted in

1 25 B L deep implant

12 45 a "¢ 1*A L

13 a5 Q 'V': 0.6%A t | Two different Carbon-Boron

;: ‘: a x 1: c:" implantation and diffusion schemes:

1 2 v 6% 4w | » CHBL = Carbon Implantation and

17 a5 W H diffusion + Boron implantation and
2020 18 a5 - 1*A H diffusion (shallow Implants)

\b - 4 067A 2 1> CBL/CBH = Carbon and Boron
Gain recovery capability of V, is stronger Implantation and diffusion (deep
v in deep implant than in shallow one implants)
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Carbon-Boron inactivation (CBI) in un-
irradiated UFSD

C(V) of un-irradiated UFSD3 sensors,

9.E-10 enriChed With different Carbon dOSES Carbon and Boron implantation

8.E-10
7.E-10

e ‘ Wafers with very similar
£ 6.E-10 N . : -
implanted Boron dose Si Si Si ? ‘ s|'

S
2 5.E-10 | v |

£ ag10 | n
3 — Si Si Si —

8 3610 | Si ‘
| | | |
Si

2.610 | . : '
1E10 | o SI' Sl' | Sl' B

0.E+00 !

Bias [V]
Two possible mechanisms cause

Depletion voltage of the gain layer (V) Carbon-Boron Inactivation
used as parameter to show the
inactivation of the active boron

concentration (N;) SiCs + B;
Carbon-Born inactivation observed in Si+B+C
UFSD2, UFSD3 and UFSD3.2 productions Si + BiC,

Marco Ferrero, Universita del Piemonte Orientale, 16t (Virtual) “Trento” Workshop on Advanced Silicon Radiation Detectors, 17 February 2021



Fraction of active gain implant

Carbon-Boron Inactivation (CBI) in un-
irradiated UFSD

Np(GL carbonted)

VgL (GL carbonated)

VGL OCNB

Fraction of active Ng =

Npg(GL not carbonated) - VL (GL not carbonated)

Vi1, extracted from C(V)

Evolution of the fraction of active gain implant with carbon dose

08 | “w A
. P
0.6 |
RN A CHBL
pRY \

“~~._  y=0.0050x? - 0.1492x + 1.1098 ¢ CBL

04
X CBH

" Data from UFSD2, UFSD3 and UFSD3.2 productions
o 1 1 1 1 1 1 1 1 1 1

0 1 2 3 4 5 6 7 8 9 10 11
Carbon dose [a. u.]

Carbon-Boron Ap-dose of 1%
Inactivation determines ﬂ[ ) s equivalent to
the sensor working bias

Avworking~ 12V

measurements

Carbon-Boron Inactivation
depends by diffusion process

CHBL process:

e (Bl is athreshold mechanism

e Cy=0.76C (from fit
extrapolation)

e Saturation at high carbon doses

CBL/H processes:

* CBI for CBL/H processes is
stronger than CHBL process

* (Bl seems not to be a threshold
mechanism
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Leakage current in un-irradiated
carbonated UFSDs

I-leakage vs Carbon dose

1.00E-06
7y A s
'<§' 1.00E-07 A |
E l,eak is @about constant
E (small differences due to gain)
< 1.00E-08
Fe)
o A CHBL
S 1.00E-09 A + CBL
Q
j""o Significative increase of % CBH
L.‘; 1.00E-10 the leakage current in
carbon range 0.4-1 a.u.
A
1.00E_11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J
0 1 2 3 4 5 6

Carbon dose [a.u.]

Higher leakage current in carbonated UFSD does not affect the temporal performances

See F. Siviero’s talk,
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Active doping cocentration [acceptors/cmA3]

Gain implant profile - carbonated vs not

carbonated

Shallow B-LD gain implants - carbonated (dose 1) and not carbonated

W5
(UFSD3)

—No Carbon

—Carbon dose 1

CHBL implantation
and diffusion
processes

Measured gain
implant profile

Distance from n** implant

Co-implantation of
carbon decreases the
diffusion of the gain
implant profile

Low-diffused carbonated
profile is ~10% higher and
narrower than not
carbonated
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Acceptor removal coefficients of shallow-
carbonated gain implants

Acceptor removal measurements on ~40 gain layer designs, of which 20 carbonated: (/) Shallow and
deep gain implant; (ii) carbonated and not carbonated; (iii) High and low activation thermal load; (iv)
Different p-dose

Fraction of active gain

Shallow Low Diffused gain implants
CHBL activation scheme

Acceptor removal’s law

_ -2
V(@) « Ng(@) = Ng(0)e “VB)2= Ny (0)e™ /%

0.9 /. = @, = fluence to which the gain implant
0.8 concentration is reduced by 1/e
Steeper curves
07 |
= Wafer C-dose [a.u.] | c[10®cm?] | @ [10°ne,/cm?]
0.6
less radiation resistance 1 (UFSD3) 0 3.940.5 2.6+0.2
05 |
4 (UFSD3.2) 0.4 2.440.3 4.140.3
04 | EBLD-NoC(W1UFSD3) W\
ABLD +1C (W5 UFSD3) B 3 (UFSD3.2) 0.8 1.54+0.2 6.8+0.4
0.3 | eBLD-0.4C(W4UFSD3.2) ‘
© B LD - 0.8C (W3 UFSD3.2) 5 (UFsD3) 1 1.61+0.3 6.410.4
0.2 - ygw+2c (W7 UFSD3)
to | +swescwsurso N 7 (UFSD3) 2 2.54+0.4 4.0+0.3
XBLD +5C (W11 UFSD3) ata from C(V) measurements 9 (UFDS3) 3 2.8+0.4 3.6+0.3
0 1 J. J. 1 Lol 1 J. J. L | T | 1 L 1 1 I |
1.E+13 1.E+14 LE+15 1.e+16 | 11 (UFSD3) 5 3.51£0.5 2.9+0.2

Fluence [n.,/cm?] .
/ ~15% error estimated on ¢ and @
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Acceptor removal coefficients of shallow-
carbonated gain implants

Acceptor removal measurements on ~40 gain layer designs, of which 20 carbonated: (/) Shallow and
deep gain implant; (ii) carbonated and not carbonated; (iii) High and low activation thermal load; (iv)

Different p-dose

Fraction of active gain

Shallow Low Diffused gain implants
CHBL activation scheme

* Lower c coefficient for gain implants

Acceptor removal’s law

_ -2
V(@) « Ng(@) = Ng(0)e “VB)2= Ny (0)e™ /%

/. = @, = fluence to which the gain implant
concentration is reduced by 1/e

. carbonated 0.8 and 1 than that ones Wafer C-dose [a.u.] | c[10"cm?] | @ [10%n.q/cm?]
' carbonated 0.4, 2, 3and 5 1 (UFSD3) 0 3.940.5 2.640.2
0. ..
* ¢ coefficients of Shallow LD carbonated 4 (UFSD3.2) 0.4 2.440.3 4.1+0.3
0. . : _2.10-16 cm2
gain implants in range 112 3210 cm 3 (UFSD3.2) 0.8 1.540.2 6.840.4
03+ ¢ 1c~ 1.5:10"°cm
Shallow LD +0.8-1C 5 (UFSD3) 1 1.640.3 6.44+0.4
0.
. & . & s e sl
L | owescweursos . 7 (UFSD3) 2 2.5+0.4 4.040.3
XB1D +5C(W11 UFsD3) ata from C{V) measurements 9 (UFDS3) 3 2.840.4 3.640.3
o 1 J. J. 1 Lol 1 J. J. L | T | J
1.E+13 1.E+14 LE+15 16416 | 11 (UFSD3) 5 3.5%0.5 2.910.2

Fluence [n.,/cm?]

~15% error estimated on ¢ and @
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Acceptor removal coefficients of deep-
carbonated gain implants

Acceptor removal measurements on ~40 gain layer designs, of which 20 carbonated: (/) Shallow and
deep gain implant; (ii) carbonated and not carbonated; (iii) High and low activation thermal load; (iv)

Different p-dose

Deep Low Diffused gain implants

CBL/H activation scheme

e b,
- Rl LT -
09 | s
0.8 r LY
c 07 | Steeper curves
& -_—
2 06 | -
B - .
& o5 | less radiation resistance
o
_§ 0a | ® BLD-No C (Split 4 HPK2) ’.»
%]
© ® BLD-0.6C (W13 UFSD3.2)
< 03 |
O BHD-0.6C (W19 UFSD3.2)
02 | A BLD-1C (W12 UFSD3.2)
0.1 r 4 BHD-1C(W18UFSD3.2)  NData from C(V) measurements
0 Ll J. L L 1 I i |
1.E+13 1.E+14 1.E+15

Fluence [n.,/cm?]

1.E+16

Acceptor removal’s law

_ -2
V(@) « Ng(@) = Ng(0)e “VB)2= Ny (0)e™ /%

/. = @, = fluence to which the gain implant
concentration is reduced by 1/e

Wafer C-dose [a.u.] | c[10®cm?] | @ [10°ne,/cm?]
HPK2 Split4 0 5.640.6 1.840.2
13 (CBL) 1.6+0.2 6.14+0.4
19 (CBH) 06 1.940.3 5.3+0.4
12 (CBL) 2.140.3 4.9+0.4
18 (CBH) . 2.140.3 4.9+0.4

~15% error estimated on c and @
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Acceptor removal coefficients of deep-
carbonated gain implants

Acceptor removal measurements on ~40 gain layer designs, of which 20 carbonated: (/) Shallow and
deep gain implant; (ii) carbonated and not carbonated; (iii) High and low activation thermal load; (iv)

Different p-dose

Deep Low Diffused gain implants
CBL/H activation scheme

e Comparable ¢ coefficients for gain
implants carbonated 0.6 and 1
» ¢ coefficients of deep L/HD carbonated

5 gain implants in range 1.5 -2.1-1016
_:'2: 0. sz
~§ 01 « Acceptor removal in deep-carbonated
-.§ 0. gain implants is comparable with
£ o acceptor removal in shallow-

0. carbonated gain implants

Deep gain implants successfully enriched
with carbon

1.E+16

Acceptor removal’s law

_ -2
V(@) « Ng(@) = Ng(0)e “VB)2= Ny (0)e™ /%

/. = @, = fluence to which the gain implant
concentration is reduced by 1/e

Wafer C-dose [a.u.] | c[10%cm?] | @ [10"ne,/cm?]
HPK2 Split4 0 5.610.6 1.8+0.2
13 (CBL) 1.6+0.2 6.1+0.4
19 (CBH) o0 1.940.3 5.3+0.4
12 (CBL) 2.140.3 4.940.4
| 18 (CBH) ' 2.140.3 4.940.4

~15% error estimated on c and @
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n

=1]

1.5

¢ [c @ carbon dose

0.5

Minimization of the c coefficient -
relationship between ¢ and C-dose

Acceptor removal coefficient vs Carbon dose

[ Data from UFSD2, UFSD3
and UFSD3.2 FBK-
r productions c= c(carbon dose x)
c(carbon dose 1)
?
A A
- 0.6C-1C A
I I
—————p
1 |
i I A CHBL
e I
1 1 ¢ CBL
i X CBH
0 0.5 1.5 2 2.5 3 3.5
C dose [a.u.]

Minimum of the acceptor removal
coefficient (maximum of the
radiation resistance)
in the carbon range 0.6 - 1 a.u.

Two factor determine the c(C-dose)

trend:

* The relationship between the
acceptor removal coefficient and
the initial acceptor density;

* The intrinsic radiation resistant of a
gain implant design

Marco Ferrero, Universita del Piemonte Orientale, 16t (Virtual) “Trento” Workshop on Advanced Silicon Radiation Detectors, 17 February 2021 14



Acceptor removal parametrization

Ng; * ag; * D,

c(Ng) =
kparam. * NB (0) Moving along a parametrization =>same intrinsic radiation resistance, acceptor
removal differs due to different initial acceptor density
Koqp * N
ca Int
5 = p 2/ oving through parametrizations > different intrinsic radiation resistance
1+ (2.5 . 1016) 3
Ng(0)
Acceptor Removal parametrization - neutrons
1E-15
IVO Carboh . .
B CBL/H gain implants have a
Carp, . e e . . ..
_ \-"'l'?-,gg,aands higher intrinsic radiation
A\"\..(C .
_9‘1’99@9.8and1( 8y resistance compared to CHBL
IR, T
ca LS . & ones
N TP ~ S
S . U~ o . . -
5 - -%\ g3 Differences in radiation
O Boron not carbonated ~< T~ . < 8 . . .
A shallow-Boron + 1€ (cHBL) e ~. ! resistance of gain implants
% Shallow-Boron +2C, 3C and 5C (CHBL) Teee ~._ ] o
 Srlow oren Dac(cHl .< IR A carbonated 0.6C, 0.8C and 1C
eep-Boron +1C(CBL/H)  N. - & )Tl CSeo D <
. Deppommroeciem | N | ST - are only due to carbon-boron
No Carbon: (N_Si*sigma*D2)/(0,8*rho_A(0)) CBL/H """"""""" . . .
--------- Carbon_1, 0.6 (CBL/H): (N_Si*sigma*D2)/(2.7*rho_A(0)) ~ INa Ct |Vat 1oN
- -~ Carbon_1, 0.8 (CHBL): (N_Si*sigma*D2)/(1,9*rho_A(0))
1E-16 —---Carbon_2, 3, 5, 0.4 (CHBL): (N_Si*sigma*D2)/(1,5*rho_A(0)) . | ]
1.00E+16 1.00E+17

Initial acceptor density [cmA-3]

Marco Ferrero, Universita del Piemonte Orientale, 16t (Virtual) “Trento” Workshop on Advanced Silicon Radiation Detectors, 17 February 2021
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Shallow-CBL gain implant
Next step in radiation resistance improvement

Ng; * ag; * D,

c(Np) =

param. Moving along a parametrization =>same intrinsic radiation resistance, acceptor

removal differs due to different initial acceptor density

kcap*NInt ) . . e .

D2 = 5 Moving through parametrizations - different intrinsic radiation resistance
1+ (2.5 . 1016) /3
Ng(0)
Acceptor Removal parametrization - neutrons

1E-15

Expected radiation resistance
improvement:

Deep-CBL —> Shallow-CBL

cn [cmA2]

Shallow-CHBL —> Shallow-CBL

O Boron not carbonated
A Shallow-Boron + 1C (CHBL)
| X Shallow-Boron + 2C, 3C and 5C (CHBL) A
® Shallow-Boron +0.8C (CHBL)
& Shallow-Boron + 0.8C (CHBL)
A Deep-Boron + 1C (CBL/H)
® Deep-Boron +0.6C (CBL/H)
No Carbon: (N_Si*sigma*D2)/(0,8*rho_A(0))
--------- Carbon_1, 0.6 (CBL/H): (N_Si*sigma*D2)/(2.7*rho_A(0))
- -~ Carbon_1, 0.8 (CHBL): (N_Si*sigma*D2)/(1,9*rho_A(0))

S, €ep
1E-16 —---Carbon_2, 3, 5, 0.4 (CHBL): (N_Si*sigma*D2)/(1,5*rho_A(0)) al/ow C to
1.00E+16 B[

Initial acceptor density [cmA-3]

S~ U~

. From CHBL to
CBL

1.00E+17
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Shallow-CBL gain implant
Next step in radiation resistance improvement

Advantages in radiation resistance of a Shallow-CBL gain layer:
* Higher initial acceptor concentration and narrower gain implant compared to deep implants
* Higher intrinsic radiation hardness given by CBL process compared to CHBL process

Disadvantages in radiation resistance of a Shallow-CBL gain layer:
* Worst gain recovery than deep-gain implant, using external bias

Expected acceptor removal difference between Shallow

CHBL and CBL gain implants From Shallow-CHBL to

L NB(Q)) — e_cq)
Ng(0)

=

CBL gain implant

©

———]

| —

&

[
1

Fraction of acive p-gain concentration
©O © O O ©o O O © ©

A
6 T _ @, increasing of
_ ®O_shallow—CBL - ®0_shallow—CHBL -
5 3 ~2-10%5n_ /cm?
APo= ~2 - 10"°ngy/cm? & eq

S S A .. S — 0_shallow-CBL

3 r —Shallow-carbonated CHBL hatlow-CHBL CBL process should
1

2 r ——Shallow-carbonated CBL Lo improves of ~30% the
1 1

d Shallow-no carbonated N acceptor removal

0 e e T coefficient compared to

Fluence [n_eq/cmA2]
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Summary

Carbon-enrichment of deep implants for the first time in FBK-UFSD3.2 production

Leakage current increase and Carbon-Boron Inactivation (CBI) have been mapped at different
carbon doses, in un-irradiated UFSDs with deep and shallow-gain implants:
e CBlis stronger in deep-carbonated implants

Acceptor removal coefficients of deep-carbonated gain implants are comparable with shallow-
carbonated ones:
e Carbon-enrichment of deep implants was successful

* cinrange 1.5-2.1-10%6cm?

Carbon dose in range 0.6C-1 a.u. maximizes the radiation resistance of deep- and shallow-gain
implants

Gain layer’s radiation resistance depends upon the diffusion process on the gain implant: the
intrinsic radiation resistance of CBL/H gain implants is better than CHBL ones

Shallow-CBL is expected to be 30% more radiation resistance than Shallow-CHBL gain layer design,

Marco Ferrero, Universita del Piemonte Orientale, 16t (Virtual) “Trento” Workshop on Advanced Silicon Radiation Detectors, 17 February 2021
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Deep and shallow gain implant width

Gain implant width vs depth

1.2 B Y = 0.12x + 0.92

31}
=5
g 0.8 y =0.20x + 0.41
; .............. .
: o 6 S ‘ LD
g . .....
© HD
Q =
£ 0.4
c
s 0.2
) From measured gain implant profile

0

Depth

Implant width as a function of the depth (energy) of implantation

Deep implants are wider than shallow ones
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Gain

100
90
80
70
60
50
40
30
20
10

Carbon-Boron inactivation (CBI) in un-
irradiated UFSD

Gain Comparison - shallow-B HD gain implants carbonated
(W6-UFSD2) vs not carbonated (W8-UFSD2)

| —©-No carbon & p-gain dose 1.02 A
| -A-Carbon dose A & p-gain dose 1.02 , Carbon-Boron

' Inactivation determines
: the sensor working bias

! -

~
—

CBI of about 2%
AV~25V

hog

N
~

4

Ap-dose of 1%
is equivalent to
AVworking’\’lzv

-
N\

o
un
o
[
o
o
[
(¥,
o

200 250 300 350 400
Bias [V]
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Irradiation campaighs with neutrons

Irradiation campaign with neutrons at TRIGA reactor in Ljubjana

FBK production Wafer Fluence [10 n,,/cm?]
UFSD2 1, 6, 8, 14, 15, 18 2,4,8, 15, 30

1,4,5,7,9, 11,12, 13,
14, 15, 18, 20

3,4,7,8,10, 12, 13, 14,
18, 19

UFSD3 1,4,8,15

UFSD3.2 1,4, 8,15, 25

Each irradiated sensor has been annealed 80 min @ 60°C,
before testing

Marco Ferrero, Universita del Piemonte Orientale, 16t (Virtual) “Trento” Workshop on Advanced Silicon Radiation Detectors, 17 February 2021



V_GL extraction method

M, KEYSIGHT

MARKER( -12.0000V 110.112 pF 4.44712 Mohm )

| - 1/Cp2
* |\ WA4(UFSD3.2)-2.5E15 /Cp

\

20,0 p /div

180 p
160 p
140 p
120p
100 p
80p
60 p
40p

Cp (F)

Good correspondence between the cusp in Rp curve
and the slope variation in Cp and 1/Cp curves

Depletion voltage of the gain
layer (Vg.) proportional to the
active acceptor density of the
gain implant

VGL X NB

C(V) measurement parameters:

Cp-Rp model (equivalent to Cs-Rs)
V-step of 0.2V

AC signal ~50mV

Measurements at room
Temperature

Sensors annealed 80min @ 60°
AC signal frequency from
Capacitance-frequency
measurements

Marco Ferrero, Universita del Piemonte Orientale, 16t (Virtual) “Trento” Workshop on Advanced Silicon Radiation Detectors, 17 February 2021
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CV on irradiated UFSDs

UFSD2 W6 (B HD + C_A)

3,008-10 CV measurements at
2,50€-10 different fluences in
B HD + C_A (UFSD2) N v
) - . . . B GL
T 200810 Fraction of active gain = @) _ Var(9)
g —Nolrr Np(0) Vgr(0)
_§ 1,50E-10 Decreasing of ——4E14 neq/cm”2
3 o ——8E14 neq/cm~2
© 1,00e-10 acieptor denSIty 1,5E15 neq/cmn2
——3E15 neq/cm~2
5,00E-11
: Acceptor Removal B HD+C_A-UFSD2 (W6) - Neutron
0,00E+00 T S 12 -
0 5 10 15 20 25 30 35 40 r
Bias (V) . Minimum acceptor removal

Minimum and maximum acceptor

o
o

y = e263E16x

Fraction of active gain
) =)
K )
T T
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1.0E-13 ¢
S
100145 @
: e
1.0E-15 ¢B-n By
~ 1.0E- E S
T ; ©FBKB-n adc
S F OFBKB+C -n ©
o 1.0E-16 F ®Ga-n s
E OFBKGa-n
r Ten
1.0E-17 L O FBK Ga+C-n ~
E AB-p
L ---0.63*N_A/[N_Si*sigma*D2]
1E+13 1'E+15 1.E+17 1'E+19 1.0E_18 1a1al 1 13 3313l 1 411 a1l 1 A1 11l 1 13 1 a1l 1 L1l 1 111 11a)
1.E+12 1.E+13 1.E+14 1.E+15 1.E+16 1.E+17 1.E+18 1.E+19

Density [cm”-3]

Initial Acceptor Concentration No [1/cm~3]

Marco Ferrero, Universita del Piemonte Orientale, 37t" RD50 Workshop, 19 September 2020 26



