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Cyclotron Facility in Bonn
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Cyclotron Facility in Bonn - Cyclotron

Isochronous Cyclotron:

¢ Vertical injection into the cyclotron.

¢ Six-sector Hill-and-Valley magnetic
guiding field (max. 0.7 T to 1.9T).

 Particle acceleration by three RF Dees
within ~ 120 revolutions (20 MHz to
29.8 MHz, max. 40kV).

¢ Extracted beam current < 10 pA with
AE/E ~ 4 %.
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Cyclotron Facility in Bonn
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Cyclotron Facility in Bonn
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Cyclotron Facility in Bonn - Neutron Beam Line (planned)

Beamline
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Deuterons

« Generate neutrons by stripping reaction of deuterons in a thick carbon
converter
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Cyclotron Facility in Bonn - Proton Beam Line

Beamline
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« Proton irradiation of cooled (~ —20°C) Si chips
and detectors (Device-Under-Test, DUT) for radi-
ation hardness studies (NIEL damage with x = 4).

e Proton Beam with / =~ 1pA, E =~ 14MeV,
AE/E ~ 10~% and O,z ~ 3 mm beam size.
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Irradiation Site




Irradiation Site

~

Necessities for Homogeneous Proton Fluence:

* Beam position diagnostic
¢ Online, non-destructive beam current measurement

¢ Beam-driven irradiation scheme




Irradiation Site - Beam Monitor

Beam Monitor:

¢ Secondary Electron Monitor (SEM) for beam position and beam
current diagnostics.

¢ Internal FARADAY Cup/Beam Loss Monitor (BLM) for on-the-fly
beam current measurements and beam cut-off detection.




Irradiation Site - Beam Monitor

Beam Monitor:

BLM/FC Module

SEM Module

¢ Secondary Electron Monitor (SEM) for beam position and beam
current diagnostics.

¢ Internal FARADAY Cup/Beam Loss Monitor (BLM) for on-the-fly

beam current measurements and beam cut-off detection.




Irradiation Site - Beam Monitor (SEM)

Beam Monitor:

e

* Secondary Electron Monitor (SEM) for beam position and beam
current diagnostics.

¢ Internal FARADAY Cup/Beam Loss Monitor (BLM) for on-the-fly

beam current measurements and beam cut-oft detection.




Irradiation Site - Beam Monitor (SEM)
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* Use carbon-coated Al foils (= 70 nm layer thickness) to anticipate foil-carbonization with time.
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Irradiation Site - Beam Monitor (SEM)
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* Use carbon-coated Al foils (= 70 nm layer thickness) to anticipate foil-carbonization with time.



Irradiation Site - Beam Monitor (BLM)

Beam Monitor:

BLM/FC Module

SEM Module

¢ Secondary Electron Monitor (SEM) for beam position and beam
current diagnostics.

¢ Internal FARADAY Cup/Beam Loss Monitor (BLM) for on-the-fly

beam current measurements and beam cut-off detection.




Irradiation Site - Beam Monitor (BLM)

* Charge collection efficiency of
internal FARADAY cup: > 99 %

* Isolator electrode prevents sec-
ondary electrons from exit win-
dow to reach BLM.

(Isolator Electrode (- 100 V))

CST PIC Solver

(Suppressor Electrode (=100 V)) Beam Loss Monitor
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Kin. Energy of Sec.Electrons



Irradiation Site - FARADAY Cup
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Farapay Cup:
Mounting Plattform (Top) — p—

oo CX R
esssodse
ennNe0®®
eoocedee
.oooooO:
L
XX XEL] i

Entry Window
30 um

Vacuum Port (Left) EM Shielding

* Movable, external FARADAY cup for on-the-fly
beam current measurements.




Irradiation Site - FARADAY Cup

Farapay Cup:
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* Movable, external FARADAY cup for on-the-fly
beam current measurements.




Irradiation Site - FARADAY Cup

Farapay Cup:

Electrode Isolator

Suppressor Electrode Farapay Cup Isolator

* Movable, external FARADAY cup for on-the-fly
beam current measurements.
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Irradiation Site - FARADAY Cup

Farapay Cup:

Electrode Isolator

Suppressor Electrode Farapay Cup Isolator

* Movable, external FARADAY cup for on-the-fly
beam current measurements.




Irradiation Site - FARADAY Cup
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* Charge collection efficiency of FARADAY cup: > 99.9 %, (1‘;“ ~1- 10_6)




Irradiation Site - Chromox Screen

Chpomox Beam
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Irradiation Site - Irradiation Setup

Insulation Box with DUT:

* Transversely movable box with partly-shielded

DUT




Irradiation Site - Irradiation Procedure
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- Beam-driven
irradiation:
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Thank you
for
your attention!

v G)LAB

JNIVEF Silizium Labor Bonn

irrad_control software:
&9 sauverland®@hiskp.uni-bonn.de


https://github.com/SiLab-Bonn/irrad_control

Appendix: Real Stuff







Appendix: Real Stuff




Appendix: ECR-Source

Electron Cyclotron Resonance Source:

Two stage ECR source
where electromagnetically
confined plasma is heated
by 5GHz RF and ionizes
injected gas.

Extraction by HV elec-
trodes provides a p, d or &
particle beam of 4 to 8 keV.
Additional ECR source for

polarized p or d beam be-
low the cyclotron.
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Appendix: ECR-Source

Electron Cyclotron Resonance Source:

——

= 1st Stage

* Two stage ECR source
where electromagnetically - .
confined plasma is heated 72, }
by 5GHz RF and ionizes ]
injected gas.

Extraction by HV elec- |
trodes provides a p, d ora !
particle beam of 4 to 8 keV.

Additional ECR source for
polarized p or d beam be-
low the cyclotron.
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Appendix: High Current Site

ngh Current Slte:

¢ Use the extracted beam with < 10 uA
to induce radioactivity into material.
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* Examples:
Isotope Reaction 2
lic 4N (p,a@)'C  20min
TAs  Ge (p,n) TAs  17.8d
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