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|IJCLab Plasma Processing Timeline

2021: THE BEGINNINGS 2023: MORE INVESTIGATIONS
« Setting up atest bench * People involved:
2022 FIRST EXPERIMENTS * Myself (5 months intern — full _t|me PhD)
: | _ » D. Longuevergne (PhD supervisor)
* People involved: | + SPIRAL2 QWR deeper study
» Post-doctoral student (not full time) . Fundamental Power Coupler (FPC)
 MSc degree intern (5 mor_1ths) « Higher Order Modes (HOM)
« D. Longuevergne (supervisor) - Coupling measurements
« Removal rate measurements of » Plasma ignition/distribution study
carbon coating - COUPLER BREAKDOWN
« Testing various gas mixtures « Understand
 Firsttests on a SPIRAL2 QWR » Mitigate/delay
* Fundamental mode
» Custom length antennae 'UC
Lab
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What is coupler breakdown?

Definition:
« Phenomenon happening during plasma processing when plasma confines around the powered antenna
(FPC or HOM coupler).
It appears above some RF power threshold.

Is it an issue?
* YES (for HWRs and ellipticals)
« Sputtering of antenna material onto Nb = poliution (Cf. FRIB HWRs [1] and JLab elliptical [2])
» Can damage isolating ceramic leading to vacuum leaks (Cf. IMP/CIADS HWRs [3])
+ Maybe NO for QWRs (at least for plasma processing effectiveness)

» Field emission onset is delayed after processing, despite breakdown! (Cf. FRIB QWRs [1]) “we did not
observe damage to the coupler even after more than 10 hours of cumulative coupler plasma processing”

* No damage/sputtering observed for SPIRAL2 QWR as well
/\ Must be avoided anyway, because it’s very risky for cavity and coupler integrity

* Any explanation? [1] W. Hartung et al., “Investigation of Plasma Processing for Coaxial Resonators”
* Not yet fully understood [2] T. Powers et al. “Plasma Processing of SRF cavities”
« We have some hypothesis [3] A.D. Wu et al., “The Destructive Effects to the RF Coupler by the Plasma Discharge”
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Coupler Breakdown: Every Resonator Suffer

QWR

FRIB 322 MHz

W. Hartung et al., “Investigation of

Processing for Coaxial Resonators”

HWR

ATLAS 172 MHz

Plasma

ClADS 162 5 MHZ M.E. McIntyre et al., “Plasma Processing:

Ignition Testing and Simulation Models
for a 172 MHz HWR Cavity”

A.D.Wuetal,“The
Destructive Effects to the
RF Coupler by the
Plasma Discharge”

Spoke

PIPIl SSR1 325 MHz

\i

P. Berurtti., “Plasma Cleaning at FNAL:
LCLS-II HE vCM Results and Ongoing
Studies on Spoke Resonators”

Elliptical

CEBAF C100 1.5 GHz

B

T. Powers et al. “Plasma
Processing of SRF cavities”
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Increasing RF power

\ 4

SPIRAL2 QWR Coupler Breakdown

« 1st Regime: No plasma
* No ignition

 “standard” behavior of an RF cavity =PIRAL2 QWR

Mode 1 E field

« 2"d Regime: Cavity plasma ignition
« Plasma ignites in the cavity volume
* Plasma follows high E field regions

« 3"d Regime: Coupler Breakdown
« Plasma confines around the power coupler
* No visible traces of sputtering
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How to delay coupler breakdown? (1

At IJCLab, we played on:
1. Frequency

2. Pressure

3. DC bias of the power coupler
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How to delay coupler breakdown? (24

1. FREQUENCY

Mode 1 — 88 MHz

Mode 2 — 251 MHz

Mode 5 — 439 MHz

CST Microwave
Studio E field
surface plot

*with RF power ramp
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How to delay coupler breakdown? (4

SPIRAL2 QWR, FPC, Mode 1, f=87.885 MHz

2. PRESSURE ArI02(10%) He/0,(10%)

« Both cavity and coupler
ignition follow Paschen law

« He/O,(10%) has the larger
power margin between
cavity plasma ignition and
coupler breakdown

E 1%t jonization energy
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Actual incident power (P;) [W]

100

He 24.587 eV 1077 10t 10° 100 1072 1071 10° 101
Pressure [mbar] Pressure [mbar]

Ar 15.759 eV

—— Cavity plasma ignition =~ —— Before coupler breakdown —— After coupler breakdown

0 13.618 eV .
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How to delay coupler breakdown? (44

3. DC BIAS OF THE POWER COUPLER

- —=— Mode |
- —— Mode 2
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* Negative DC bias applied to the power coupler

* The lower the V¢, the higher the power
required for breakdown

« Mode 5 is not showed due to bias tee power
limitation (100W)
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« On the contrary, positive bias tends to favor

Incident power required for breakdown (7)) [W]
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Summary

» Coupler breakdown is identified as the main risk and limiting factor
of plasma processing

* We are studying coupler breakdown to understand what is causing
it, and how to delay/avoid it

 Higher frequencies, as well as negative DC bias look favorable
» Coupler breakdown tends to follow Paschen law

* FUTURE PLANS:

« Plasma computer simulations
« Set up plasma diagnostics (Langmuir probe, OES)

'bJCLab
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