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Sensors and Proton Sources

o Manufacturer Type Active Physical | Vpp | Vep | Carbon

§ Thickness | Thickness

= HPK HPK-3.1 50 pm 300 pm 50V | 250V no

i HPK HPK-3.2 50 pm 300pym |70V | 120V | 1o

L0 FBK FBK3+C 55 pm 500pm | 25V | 400 V yes

= FBK FBK3noC | 55um 500pm | 25 V | 400 V no

-

2

S

g CYRIC (Japan): 70 MeV
LANL Los Alamos (USA): 800 MeV
IRRAD (CERN): 23 GeV

H. F.-W. Sadrozinski

Proton fluences are in protons/cm”2
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Connection of Doping, Bias, Gain

The bias voltage to deplete the gain layer of an LGAD, V¢, , is extracted from C-V data.
(It is nicknamed “the foot” (christopher betancourt) since it corresponds to the flat
region at low bias in the 1/C? plot).

An alternative way to measure V., is using the bias dependence of the doping
concentration, which at high fluences is quite stable.

1/c¢?

0.14

0.12 Vg, is perfectly correlated with the
T 0! maximum of the doping density.
S 0.08 VGL = “Foot” ——50A
© 0.06 50B
~ oo ——soc V¢, is a measure of the gain, e.g. it is

oo SOD correlated with the bias voltage to reach a

°© 10 20 | |30} | 40 50 60 certain gain G, V(G) (as shown later)

Bias (V)

N vs. V-> Vg, ("Foot"

= 12E+16

-—50A
1E+16
508

8E+15 1o

6E+15 50D

4E+15
2E+15

J

0 10 20 30 40
Bias(V)

Doping Contrentation N [cm
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Vi, Vs Fluence @ exhibits Acceptor Removal

Neutrons: Vg (®) =V, (0)*eon
cn = acceptor removal constant for neutrons

Vg, Vs Fluence: Neutron Irradiated UFSD

o - + HPK-3.2
A 4
....................................................... o HPK-3.1
50 b
- -3.26E-16x
y=>53.1e > = FBK+C
40 ¢ R — ¢
— — -5.20E-16x
.2. y=41.1e ” .
=30
G) .
> Bt B . g
20 Trwe® e mMi
y = 23201551 Preliminary
10 | Yo %
O | | | |
1E+12 1E+13 1E+14 1E+15 1E+16

Neutron Fluence [Neq/cm~2]

R. Padilla et al, Effect of deep gain layer and Carbon infusion on LGAD radiation hardness”, https://arxiv.org/abs/2004.05260
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Example: V;, and V(G=8) for FBK+C, CERN protons

V;, Determination from 1/C"2
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Correlation V(G=8) vs. V, per sensor

HPK3.1 V(G=8) vs V; Neutrons & p CYRIC & p LANL

HPK3.2 V(G=8) vs V Neutrons & p CYRIC oy
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Gain depends on doping density and bias
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il S In the same way, regardless how the
9_ EIFBL+C CYRIC Protons y = -69.3x + 1634

> © FBK+C CERN Protonsy = -79.2x + 1887 acce pto rs h ave bee nre moved

o
(o
o
(@]
(&}
[
>
_
o
LN
()
o
©
>
(@)
S
[}
o
—
(@)
+—
Q.
[}
(@)
O
<
X
(%)
[
N
(@)
—
©
(§°)
(%]
=
(T
I

= Different sensors have different slopes
Gain dependence on doping profile and bias
are different for different sensors




HPK 3.1: V;, & V(G=8) vs Fluence (n, CYRIC, LANL)

Vg HPK 3.1 n & p CYRIC & p LANL, Proton Fluence
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HPK 3.2: V, & V(G=8) vs Fluence (n, CYRIC)

Vg HPK 3.2 n & p CYRIC
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FBK+C: V;, & V(G=8) vs Fluence (n, CYRIC, CERN)

Vg FBK+Cn & p CYRIC & P CERN, Proton Fluences
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Acceptor Removal Factor cn & cp vs Energy

Protons: Vg (D) = Vg (0)*ecr™Pp
A

o| Neutrons: Vi (@) = Vg (0)*ecn™®n
o
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cn(HPK 3.1) > cn(HPK 3.2) > cn(FBK+C)
cp(FBK+C) same at 70 MeV and 23 GeV, equals cp(HPK 3.1) at 800 MeV

cp(HPK 3.2) = cp(HPK 3.1) at 70 MeV about 3x larger than other values 0



Ratio = cp/cn is analogous to NIEL factor (<- leakage current)

NIEL & Ratio cp/cn vs. Proton Energy ¢ HPK3.2
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H. F.-W. Sadrozinski

No clear general trend (besides cp/cn > NIEL) :
Is cp/cn(FBK+C) independent of the proton energy??

Does cp/cn (HPK3.1) continue to decline with energy beyond 800 MeV?
?7?7?
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Best explanation: we made an error...

Preliminary
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FBK+C: CYRIC and CERN similar, cp >c¢n

FBK+C Gain CERN protons & neutrons
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HPK 3.1: cp(LANL) ~ cn

Gain curves same for HPK 3.1 and neutrons
after 800 MeV protons
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Comparison with M. Ferrero’s Thesis

Agreement in general trend (cp/cn > NIEL),

o but pool of sensors very different
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H. F.-W. Sadrozinski

Conclusions:

Acceptor removal coefficient for protons cp

has been measured with 10% accuracy
Dependence on the proton energy is sensor specific

Sensor specific correlation V(G=8) vs. V, is identical for neutrons and all
protons

Acceptor removal ratio cp/cn

does not scale with NIEL, is larger than NIEL
similar for all sensor types at low energy (70 MeV @ CYRIC)
at larger energies suggests strong dependence on the detector type

needs to be revisited with another radiation campaign to fill in the
blanks

Alternative proton sources are coming available:
CIAE in Beijing (100 MeV),
FNAL (400 MeV)
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