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@/ FCC Radiation Environment and Challenges C(FER))

As previously shown by A. Infantino and R. Garcia for the accelerators,
and G. Borghello for the detectors, a very harsh radiation environment
is expected in the FCC.

During 10 years of operation, in
the FCC detectors (30 ab?):

Extreme fluence up to ~3x1017 p/cm?

Very high dose of ~100 MGy

LHC 0.3 ab'? Two main challenges (RHA - WP 11):

1. Need of appropriate devices for radiation measurements,
*estimated values in the inner

detector after 10 years of operation 2. Need of suitable irradiation facilities for system and
components qualification.
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https://indico.cern.ch/event/656491/contributions/2915679/
https://indico.cern.ch/event/656491/contributions/2938818/
https://indico.cern.ch/event/656491/contributions/2947274/
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O, Need of new dosimetry technologies

PH-RADMON for experiments
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Novel dosimetry solution based on metal thin film technology. .| 3
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v Metals were chosen because they are insensitive to:

= lonizing dose (only temporary internal heat);

Resistivity [nQm]

= Low particle fluence (<10!> p/cm? limit where current silicon dosimeters saturate).

v Documented sensitivity to very high fluence (bulk material damage):

= Dimension variations,

0z

= Mechanical and chemical properties,

= Physical properties: increase of electrical resistivity.

v Proposed idea: relate displacement damage to
the variation of resistivity in metal thin films.
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g The Radiation Dependent Resistor (RDR)
g

Layout Mlorofabrloahon
fili- zER RS- C M | EprL centerof »

MicroNanoTechnology

Property
# of Fingers 7 51
Finger Width 2um 50 um
R range few Q some kQ
Geometrical and electrical properties

Five 100mm wafer produced
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¢ RDR irradiation tests

CE/RW

N

/m

+5° JSI TRIGA

Neutron Irradiation:
» TRIGA Mark Il Research Nuclear Reactor at
Jozef Stefan Institute (JSI), Ljubljana.

» Central channel flux: 7.2x10%2 n._./cm?/s.

» Cumulated ~1x10'® n._./cm? during 5 days of
irradiation (40h).

Proton Irradiation:
» PS-IRRAD Proton Facility at CERN, Geneva.

» 23 GeV p* beam with about 6x10*! p*/spill every 10 s.

» Cumulated ~5.2x10%® p*/cm? during 3 months )
irradiation.

Radiation Dependent Resistors can be used!
» Cu samples have shown the best sensitivity, while Al
and Cr samples exhibited a much lower response.

[G. Gorine, IEEE Trans. Nucl. Sci., 2018]
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https://doi.org/10.1109/TNS.2018.2797540
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» Focus research on Copper RDR:
- Microfabrication of new RDRs with thinner Copper Iayers}
(500, 50, and 5 nm), and fabrication techniques.

- Study of radiation damage on Monolayers of Copper } ‘
produced with ALD (Atomic Layer Deposition).

- Evaluate new devices with irradiation experiments:
= Test with ionizing radiation (ongoing at CERN AD — GBAR LINAC).
= Test in mixed field radiation (ongoing in LHC-TAN, BRAN location).
= New neutron irradiation (performed in March 2018) and proton
irradiation (from April 2018).
» Towards a full sensor with readout based on
rad-hard transistors:

- Extend a novel technology of nano-sized Vacuum
Transistors to the HEP field.

-
C M I EPFL Center of

MicroNanoTechnology

SOURCE

Transistor :
[Image credit: IEEE Spectrum, 2014]
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https://spectrum.ieee.org/semiconductors/devices/introducing-the-vacuum-transistor-a-device-made-of-nothing

NASA realized and tested

Vacuum Triodes:

v No implementation of real
transistor (with saturation

region)

v Intrinsically rad-hard, but
never tested for HEP

applications!

& Towards A Full Sensor...Vacuum Transistor (G=D

» TCAD simulations of dlfferent topologles o

n
C M l EPFL Center of

MicroNanoTechnology

Gap between 10 and 100 nm

P

[~ - |

Si substrate

» Manufacturing of Platinum VFET at Cl\/li/EPFL

Plot VFET_1/punte5__1/P100_1__1__1__1/UntitledPlot0 E
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MetalVFET breaks due%o electro-mlgratlon’ [Jacopo Bronuzzi]

Future fabrication in Silicon:

>

Proposal accepted for
Ascent transnational access

A ascent

European Nano electronics Acces

) g
Tyndall

National Institute
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https://pubs.acs.org/doi/pdf/10.1021/acs.nanolett.6b04363
doi.org/10.1016/0022-3115(82)90485-8
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Facilities fulfilling and
optimized for HL-LHC
requirements

2008 (27 km)

ALICE N LHCb

Copper target
under concrete roof

1976 (7 km)

HiRadMat

AD ELENA

- ISOLDE
[ 1999 (162 m) [ 2016 31m)
e - BOOSTER
~ Ris REX/HIE
P 2001/2015 East Area .
n-ToF ; IIRRAD/CHARMj
| 2001 | _— . 2 1
AN J—
L LINAC 2 \_/_’_?‘E
U

... and several X-Ray
Irradiation Facilities

[B. Gkotse et al., RADECS 2017]
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https://cds.cern.ch/record/2290629
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¢ FCC driven Facilities Upgrades

cow CERN irradiation facilities can dg
with FCC tests?
» TID qualification of COTS in CHARM:
- At ~200 Gy/week > ~5 months to reach 4 kGy;
» TID test of FETs in X-Ray Facility at CERN:
- At ~16 MGy/week - ~2 months to reach 90 MGy;
» DD test of RDR dosimeters in IRRAD:

- At ~7x10%>p/cm?/week (5x5 mm?) > ~10 months

k to reach 2.8x10'7 p/cm?; /

EP-DT
Detector Technologies

N,

(G
Gear TIME ISSUE! \

» No space due to dimension
(bigger experiments), and
quantity (100 km tunnel)

» CERN Irradiation facilities
not capable to deliver
required dose/fluence.

- Expand CERN testing
capabilities in terms of size
and availability,

Georgi Gorine — FCC Week 2018 — Special Technologies session
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cccccc CERN Facilities

2% |rradiation facilities database

Supported by AIDA2020, a unified entry ]| IRRAD..
point for irradiation facilities at CERN, in |:
EU, and Worldwide.

>

»  More than 200 facilities already
registered!

»  Auto-maintenance feature to avoid

DB ENTR

3

ADVANCED RADIATION RESEARCH
INSTITUTE (JAEA)

5 ]

CENTRO NACIONAL DE ACELERADORES

CERN

5 S |

CERN

=
. . - CROCKER NUCLEAR LABORATORY (CNL)
Outd ated lnfo rmatlon . ®  UcoAVIS, UNVERSITY OF CALIFORNIA
L4 mm CRC LEAR LABORATORY (CNL) USA
. °p° : o " s me: Jochen Kuhnhen me: Fraunhofer INT

- Automatic (annual) update requests sent to facility z e

=
d 3 t : :_':::"" [ochen kuhnhenn@int fraunholer.de Qs Cusirchen
CO o r I n a O rs * 5 HELMHOLTZ ZENTRUM BERLIN (HZ) Gormany] Phone: 47 2251 18200 ——

Webslte:  |hutpi/fvew ofer.delen’

“ : ”, "
» Allows a “Yook into the future” | [ ,,M ‘ o

INSTITUT DE PHYSIQUE NUCLEAIRE France

B

5 ]

Commernts

%
- which facilities could be used by FCC community? ;{]{*

ParisTech

©) AIDA

[Blerina Gkotse]
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http://cern.ch/irradiation-facilities
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¢ Testing Challenges at FCC levels (GED

Irradiation tests at the MGy level (and >10'7 p/cm?) require
careful choice of material and test preparation!

» DUT: specific PCBs, wire bonding, cables, etc..

Technologies tested up to
>5x10'7 n/cm?:
» 25um Gold wire bonds;

I8 = gSandard FRARCEL S, 2 == 5 e o I » 12-ch IDC cable;
g swe'mngbreaks onding wires 22, = ; = i P

» Kapton tape.

Strong degradation but readout still possible

» Support: material activation and radiation resistance studies

- . Material tested up to
16 N

-

2.8 | \- >5x1017 n/cm?;

» Perfect support shows low
activation and good
stiffness after irradiation;

» Tested ULTEM-1000,
Carbon fiber, PEEK, etc...

EP-DT (PR
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Contribution to the CDR concerning Radiation Monitoring:
» We have proposed a new dosimetry technology for very high particle
fluence monitoring, based on thin metal films (instead of silicon).

» The irradiation tests of the first prototypes of Radiation Dependent
Resistors have confirmed our concept:

- It’s possible to relate Displacement Damage due to particle fluence with the variation
of resistivity of a thin metal film.

» A second run of tests on Copper samples will give a wider understanding
on the technology.

» Further development of the Vacuum Transistor for HEP applications, will
allow building rad-hard circuitry for the FCC-RADMON.
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O, rradafion §%2 Testing
D Focifies ~s FCC driven = & Chalenges
upgrades

Contribution to the CDR concerning Irradiation Facilities:

» The challenging radiation environment of the FCC will require
extensive testing of all the equipment in the tunnel, as well as,
unprecedented challenges in the development of detectors.

- Current CERN infrastructure will not be sufficient (time, space, quantity)
- Need of external partners — Irradiation Facilities Database!

» A special know-how for irradiation testing at FCC-levels is required
for the right selection of materials and supports.

- A specific technical note will contain all the results from our material studies.
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CERN Irradiation Facilities (Fco)

- . .. . FCC-driven targets . .
Name Facility Characteristics Main Purpose g. Possible solution
(10 years operation)
Particle: p* Flux: ~1-3x10% p/cm?/s Study of IEL and NIEL effects on performance of  [TID: 90 MGy, ®: 2.8x10%7 p/cm?.
. . Increase flux to reach
IRRAD detectors, calorimeters and FE electronics for HEP |- one test takes ~1 year.
. target fluence faster.
Momentum: 24 GeV/c TID: ~7-10 kGy/h experiments. Issue: low flux.
. . 10 2
Particle: mixed-field Flux: 107-10*! HEH/cm?/h Test of COTS electronics in an LHC-like environment TID: 100 Gy, @: 7.9x10%° p/cm?. Larger irradiation bunker
. . . - low levels, but 4x more systems for a 100 R
CHARM for SEE evaluation such as failure cross sections and S - to test more racks in
E :n% HEH >100MeV TID: 0.01-100 Gy/h system sensitivity to radiation km FCC. Limit on parallel tests in ™1 year. parallel
hergy- nv T Yy Y Y ’ Issue: not enough space. )
Particles: y + u beam TID:~1Gy/h at 1Im.(14TBq Cs137) Evaluation of detection performance and aging of  (TID: 10 kGy. Larger |rr"ad|at|on _bunker
o to test bigger equipment
GIF* muon chamber detectors in ionizing dose -> one test takes >1 years.
. ] ] ) + stronger gamma
Energies: 0.662 MeV, 100 GeV Flux: 10* particles/spill (u beam) environment. Issue: both space and dose-rate. source
Particles: TID:~1kGy/h at 5¢cm.(10TBq Co60, I . : .
y v/ ( 9 ) Validation and test of electronic components and TID: 10 MGy
CC60 t to ionizi diati -> one test takes >1 year. Stronger source.
Energy: 1.17 MeV, 1.33 MeV systems tolonizing radiation. Issue: both space and dose-rate.
Particles: e Flux: 107-10%? e/cm?/s . . : .
/em?/; Characterizing electronic components to SEE, TID and TID: 10 MGy . Upgrade of testing
VESPER DD. for th tion in a Jovi . ¢ Issue: facility not equipped for wafer level infrastructure
Energy: 200MeV TID: 17 kGy/s - 2.8 MGy/s ,Tor the operation In a Jovian space-environment. k. ino and small irradiation table. .
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https://indico.cern.ch/event/556692/contributions/2592725/

