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Radiation Hardness Testing Facilities

B Radiation hardness studies are critical for HL-LHC detectors

B Global campaign to characterise sensors and components ‘:éz\ AI DA

® Transnational access granted to 10 European facilities by AIDA-2020

Transnational Access

AIDA-2020 Transnational Access supports small teams to carry out experiments and tests at one of the 10
European facilities listed below. By clicking on the facilities' name you will access a video providing more
information on the available equipment.

Type of facility Access provider Infrastructure Country Facility Coordinator
Contact
Beam test CERN PS&SPS International Organisation Henric Wilkens =
DESY DESY-II Germany Marcel Stanitzki=
Irradiation test CERN IRRAD International Organisation Michael Moll=
CERN GIF++ International Organisation Michael Moll=
JSI TRIGA Reactor Slovenia Vladimir Cindro=
KIT KAZ Germany Alexander Dierlamme
UCLouvain CRC Belgium Eduardo Cortina Gil=
UoB MC40 Cyclotron UK David Parker=
Detector RBI RBI-AF Croatia Stjepko Fazini¢=

characterisation
ITAINNOVA EMClab Spain Fernando Arteche=
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NIEL and Hardness Factor

. Displacement damage 1n Silicon
= Fluences expressed in 1 MeV neutron b 5

for neutrons, protons, pions and electrons

eqUivaIent (neq) fOr COmparison 104 r IIIIIII\\I T TTTT T T TTT T T TTT T T TTT T T T T T T T 11118
= Related by Hardness Factor k 103 T T protons: Summers Hahtnen
> pions: Huhtinen
® Usually calculated from bulk leakage current 102 protons . ---- clectrons: Summers

change Al following irradiation

= Assumption: Al scales with Non-lonising
Energy Loss (NIEL)
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Standard procedure to get k: 10~ .

eMeasure Al after irradiation 10 -
*Fit Al/(depleted volume) vs fluence to get a 10‘i0_4' i i

*K = 0/Oneg E[MeV]
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Standardisation of Hardness Factor Measurements

B Clear need to standardise hardness factor JINST 14 (2019) p12004
measurements Experimental determination of proton hardness factors at

several irradiation facilities

® (Collaboration between University of Birmingham,
Karlsruhe Institute of Technology, CERN
P. Allport,” F. Bogelspacher,“ K. Bruce,” R. Canavan,“ A. Dierlamm,“ L. Gonella,”

B Consistent meth()d()k)gy between facilities P. Knights,” |. Mateu,” M. Moll,” K. Nikolopoulos,®! B. Phoenix,® T. Price,” L. Ram,®

F. Ravotti,” C. Simpson-Allsop® and C. Wood*

B
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T T T T T T “UniversiryofBirmingham,

eas ~ T y Birmingham, B15 2TT, UK.
EEE NS40 (1990) k| UNIVERSLLYOU imaan prson iy
Birmingham 23 MeV (BPW34 diodes) o m Bl Rl\/l IN(I HAI\/I CERN, CH-1211 Geneva 23, Switzerland

Karlsruhe 24 MeV (BPW34 diodes) “Institute of Experimental Particle Physics, Karlsruhe Institute of Technology,

O
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m CERN 23 GeV (BPW34 diodes) Karisruhe, D-76131, Germany
o CERN 23 GeV (FZ diodes)
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E-mail: k.nikolopoulos@bham.ac.uk

ABSTRACT: The scheduled High Luminosity upgrade of the CERN Large Hadron Collider presents
new challenges in terms of radiation hardness. As a consequence, campaigns to qualify the radiation

.= _ hardness of detector sensors and components are undertaken worldwide. The effects of irradiation
Karlsruher Institut fir Technologie
with beams of different particle species and energy, aiming to assess displacement damage in
semiconductor devices, are communicated in terms of the equivalent 1 MeV neutron fluence, using
the hardness factor for the conversion. In this work, the hardness factors for protons at three different
kinetic energies have been measured by analysing the I-V and C-V characteristics of reverse biased
CE/RW I R R A D diodes, pre- and post-irradiation. The sensors were irradiated at the MC40 Cyclotron of the
% University of Birmingham, the cyclotron at the Karlsruhe Institute of Technology, and the IRRAD
>~ Proton Facili |ty proton facility at CERN, with the respective measured proton hardness factors being: 2.1 + 0.5 for
24 MeV, 2.2 £ 0.4 for 23 MeV, and 0.62 + 0.04 for 23 GeV. The hardness factors currently used in
these three facilities are in agreement with the presented measurements.
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https://arxiv.org/abs/1908.03049

Commercial Silicon Sensor: BPW34F

M .Moll, PhD thesis: Hamburg U., 1999

= BPW34F diode used for this study o =(3.9910.3)x10""" A/em
[ [ (] [ [ [ eq
* PIN photodiode with daylight blocking filter
*Produced by OSRAM Opto-Semiconductors BPW34 Commercial p-i-n Diodes for High-Level
_ _ 1-MeV Neutron Equivalent Fluence Monitoring
® Com merCIaI Iy avallable Fedegico Ravotti, Member, IEEE, Maurice Glaser, Michael Moll, and Frédéric Saigné
. . 107 j
* Extensively studied 0.0 - ene00000000000000000000000000000¢ | .
104 b | R SN
—0.2 - Q
: 10
BPW34F Diode —
_ —-0.4 < 8
Active Area: 2.65x2.65 mm? = { = 10
3
Full Depletion Depth: 300 ym E—O 6 — Fit 107
V § Meaurements
. —-0.8 I 10
B Lot e ocimil & comontl o snamad conenendd o ogiune
~1.0 - 10 1010 10" 1012 1013 104 1015
} Dgq (cm'z)
—1.2 1 Fig. 3. BPW34F characteristics in reverse bias normalized to 20°C. Leakage
- - - - - current measurement and increasing irradiation levels with 23 GeV protons.
—200 —150 —100 —50 0
Voltage [V]
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Bonn Isochronous Cyclotron

® Electron-Cyclotron-Resonance ion source
*Protons, deuterons, Alpha, 2C, ... UNIVERSITAT
Kinetic energy 7-14 MeV per nucleon
Few nA to yA beam current
Beam profile: mm < GFWHM < 2 cm
Flux(1 A, GFWHM= 1cm) = 8x10'? p/(s-cm? )
Secondary Electron Multiplier (SEM) to monitor flux
* Adp/Pp~27%

71 UNIVERSITYOF Irfu. ceasacia
P BIRMINGHAM g rosonte™ P Knights - 37th RD50 Workshop 18/11/2020 6




Hardness Factor at Bonn

® Measurements using BPW34F diodes to determine hardness factor

*Presented at 35th RD50 workshop

® 5 sets of 3 diodes irradiated to fluencies between 4.78E12 p/cm to 9.45E13 p/cm

® Nominal energy at diode: ~12.5 MeV
* After plastic case: 10.4 MeV (simulation)

Post-irradiation:
® Annealed for 80 minutes at 60°C
® |-V measured at -20°C and scaled to 20°C

*|_eakage current evaluated at 100+10 V

® Foundk=5.1x04

® Diodes sent to Birmingham to be measured
with same method as previous study

21 UNIVERSITYOF Irfu- cea Saclay
% BIRMINGHAM - ‘ Institut de recherche

sur les lois fondamentales
de I'Univers

Proton hardness factor determination

A
/ cm?

A'leak

1073 -

1072

Linear fit: Alieax/ V= ap §p
ap = (2.030E— 16+ 1.735E — 17)r

Xfeq = 0.53
Std. dev. of diodes
4 Data of 3 diodes +
Kp=5.1+/—0.4
| " apl3 " 1014

bp / cm™?

P. Wolf et al. 35th RD50 Workshop, CERN 18/11/2019
18/11/2020
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BILPA

"‘ Birmingham Instrumentation

'/1. Laboratory for Particle physics
BIL PA and Applications

® Birmingham Instrumentation Laboratory for Particle
physics and Applications - more here

® |SO-14644-1 Class-5 and Class-7 clean room for
semiconductor detector system assembly and testing

B Presented measurements conducted in Class-5 cleanroom
® Complemented by on-site proton irradiation facility

UNIVERSITYOF Irfu- cea sacia
P5) BIRMINGHAM podd v ots” P Knights - 37th RD50 Workshop 18/11/2020 8
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http://www.ep.ph.bham.ac.uk/general/SiliconLab/index.html
http://www.np.ph.bham.ac.uk/pic/cyclotron

Electrical Measurements

0 - ¢, 4.78E+12
® Measured using procedure described in JINST 14(2019) e T o,
P12004 1] Measurement 3 ~ —— Fit 3 é
Lo 1L
" |-V measured with Keithley 2410 source meter | wmmm
® Measured at room temperature (~22°C) and scaled to 20°C 2 “HHI i

® | eakage current evaluated at 10010 V
DUT Fan

Current [pA]

[ _f )
[ <T?exp -
\ 2k,T" ) | | | .
—200 —150 VOl;algOeO[V] —50

E =121eV
JINST (2013)P10003

Thermocouple

11 UNIVERSITYOoF Irfu- ceasacia
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https://arxiv.org/ct?url=https://dx.doi.org/10.1088/1748-0221/14/12/P12004&v=a94e1c50
https://arxiv.org/ct?url=https://dx.doi.org/10.1088/1748-0221/14/12/P12004&v=a94e1c50
https://iopscience.iop.org/article/10.1088/1748-0221/8/10/P10003/meta

Comparison

® For Birmingham measurements:

eLinear fit yields a = (2.1 £ 0.3)x10-'° A/cm

°k=53+0.6

® Good agreement with measurements from Bonn

°a= (2.0 +£0.2)x10-% A/cm
°k=51+04

W UNIVERSITYOF Irfu- ceasaciay
ﬁ BIRMINGHAM y, a Insttt de rocherche es

de I'Univers
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Al/V [A/cm?]

103 ’

O

O

Average of 3 diodes

| —— Fit: AV = ag,

Bonn measurements

Bonn measurements offset for clarity

P Knights - 37th RD50 Workshop
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Fluence Measurements

28-NI-0(P,X)28-NI-57
EXFOR Request: 14036/1, 2019-Oct-25 22:20:27

i | | B
w -
=
© il
c i
O I
n
7)) i
8 I
S 0.051 . _
- ‘ fees 5
:"..‘ | 1 | llllll 1 | 1 1 lllll | l-l--I
10 50 102 5102 103 - 1+HV
Incident Energy (MeV) P. Wolf et al. 35th RD50 Workshop, CERN 18/11/2019

® Fluence uncertainty dominant in previous measurements

= University of Birmingham and KIT use Ni foils dosimetry; 28Ni(p,X)%Ni°’
*Uncertainty on cross-section results in ~20% uncertainty on fluence measurements

® |RRAD is higher energy - can use Al folils - ~7% uncertainty

® Bonn uses SEM - ~2% uncertainty - promising development

*Dominant uncertainty now from difference between repeat measurements and temperature scaling

= UNIVERSITYOF Irfu. cea sacia
P BIRMINGHAM yy O s P Knights - 37th RD50 Workshop 18/11/2020
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Results in Context with Other Facilities

Hardness Factor

-

6 L - NIM A 335 (1993) 580

= T Q- IEEE NS40 (1993)

- o Birmingham 23 MeV (BPW34 diodes)
5 -z e Karlsruhe 24 MeV (BPW34 diodes)

i | = CERN23GeV (BPW34 diodes)

- & 0 CERN 23 GeV (FZ diodes)

- v Bonn 10.4 MeV (BPW34 diodes, Birmingham)

4— v Bonn 10.4 MeV (BPW34 diodes, Bonn)

- ® Common methodology applied in all measurements
S[ B Good agreement overall between measurements
20~ T

i “""«% Modified from
1L JINST 14 (2019) p12004

: LTI u.ooun.‘.,.“"“".“ i

_llll 1 | lllllll | | lllllll | | llllllI |

10 102 10° 10*

Energy [MeV]
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https://arxiv.org/abs/1908.03049

Summary

® Hardness factor determined using same method at 4 institutes

® Diodes from Bonn measured in two different methods yield consistent results
*Discussions ongoing to clarify details

® Good agreement between all facilities

B Second method using high-resistivity Hamamatsu diodes for ATLAS ITk at Birmingham cyclotron
obtains results consistent with BPW34F diodes

*Precision set-up used
*See K. Nikolopoulos’ presentation 361" RD50 workshop
= SEM fluence monitoring to be used by University of Birmingham irradiation facility in the future
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https://indico.cern.ch/event/918298/contributions/3880573/attachments/2049886/3435669/20200603_kn_RD50.pdf%5C

Additional Material
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I-V Curves
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Temperature Scaling Uncertainty

® Scaling to 20°C, Ea =1.214 eV
oAt T = (-20+0.5)°C, |20/l = 59.75%6.1%_5 79,
*At T = (23+0.5)°C, l2o/l = 0.77+4:5%_4 39, I cC T 2 €Xp
*At T = (-20+1)°C, loo/l = 59.75+12:6% 44 19,
*At T = (23+1)°C, |20/l = 0.77+2-1%_g 39,
" |finstead Ea=1.3 eV
*At T =-20°C, 20/l =78.19 (= 30.1% higher)
*At T =23°C, l20/l =0.76 (= 1.3% lower)

B Same uncertainties on T and Ea, have a smaller effect in
the scaling when performing measurements at a higher
temperature
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Figure 11. Change in leakage current as a function of proton fluence for BPW34F photodiodes irradiated at
(a) the MC40 cyclotron; (b) the Irradiation Center Karlsruhe; and (c) at the IRRAD proton facility; (d) FZ
pad diodes irradiated at the IRRAD proton facility.
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