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ek IFMIF/EVEDA RFQ general context
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=T [FMIF EVEDA RFQ couplers: 200 kW CW each
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— RF measurements and observations
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~-=i== Rev. Power amplitude and phase as a function of the cavity detuning
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Figure 1:ligth, rev power and revphase as function of detuning. Fcav moved, fRF fixed at 175 MHz

Prev% and VrevPhase are consistent with calculation




— RF measurements and observations

VSWR and light as function of the cavity detuning
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o Window position - ! Light trend at coupler 2A
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Figure 1:Rev power and light as function of detuning. fRF moved.
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Consistent with the asymmetry of the light signal: if fcav > fRF, Veq is higher, and this generates higher light.
The light signal data are quite linear with the equivalent power.

In this example, P, (2) =

Since coupler temperatures increase even at low DC% proportionally to the light signal, we conclude a significant plasma is
established on that volume by Multipacting (residual gas ionized by electrons emits light)




— MP simulation with CST

~ INL

Istituto Nazionale di Fisica Nucleare

=awmison” (Ganearal considerations

« A large section of the IFMIF windows was implemented into the CST simulation.

« We fill the region of interest with 10000 starting electrons, with energies ranging from
0.0001 eV to 10 eV, to test the possible criticalities of the geometry

« We attempted to compare the coupler's original results and damages.
« Thermal simulations were performed, based on MP simulations.

» For SEY data of copper and alumina our base references are (also for ESS):

- [0] S. V. Langellotti et al., “CST Particle Studio Simulations of Coaxial Multipactor and Comparison with Experiments”, IEEEE
Transaction on Plasma Science, Vol. 48, No. 6 June 2020.

- [1] I. Bojko et al., “The Influence of Air Exposures and Thermal Treatments on th eSecondary Electron Yield of Copper”, LHC
Project Report 376, Journal for Vacuum Science and Technology A, May/June, 2000

- [2] J. Lokiewicz et al., “Characteristics of TiN Anti-Multipactor Layuers reached by Titaniunm Vaport Deposition on Alumina
Coupler Windows", Proceeding of the 11t Workshop on RF Superconductivity, Lubeck/Travemunder, Germany, THP31, 697-
699

- [3] G. Toby et al. «<Multipacting analysis of warm linac RF vacuum Windows», proc. of IPAC2021, Campinas, SPm Brazil.




e Simulation strategy

LNL

""""""""""""""" “=" CST code for RF and MP

« Solve RF field on the full geometry
* For MP the coupler is divided in the 3 main
sections:
« Window
« Taper cone
* Final part
 First check if multipacting is established
without Space Charge (SC) or “Saturation”
on every macro section of the RF coupler
line
* Then introduce SC saturation to evaluate
number of eletrons, their energy and their
contribution to power coupler heating.

Window

Final part of coaxial

Taper
cone




m Sensitivity to MP
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~~==" Final part of the coax do not develop MP

SEY of copper imported
from reference paper
compared with Furman
curve in CST.

Final coax.

6.0
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N Space charge saturation

PIC code

Full Vlasov solver, metallic boundaries are taken into account

10000 macroparticles, with 500000 weight each

We focus on the window+anchor part which is the most sensible given the
presence of the alumina and o-rings

10



— Results on the anchor-window section
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Simulation at 80 kW FWD power including reverse power of 13% as in the
conditioning without beam

Ancor
6.0 L]
! e 80 kW FWD, imported, SC
,\,’ « 80 kW FWD, Furman, SC
. ~—-- 80 kW FWD, imported, no SC
357 Y. ~—- 80 kKW FWD, | Furman , no SC

The steady-state situation is used in
order to calculate the power deposition
of the electron collisions onto the anchor.

log(ne)

NB: n.are the macroparticles, 500000
electron each

3.5 . T

0 20 40 60 80 100 120
t [ns]
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w Power surface density calculation

Anchor and cone

The simulated power surface density is consistent with observation on the anchor
most damaged (rainbow color)

12



w Power surface density calculation
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== Anchor and cone

The simulated power surface density is consistent with observation on the anchor
most damaged (rainbow color)

\Y
H
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am Power surface density
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smeiiisn The power on the deposited by electrons on the surface is averaged over a period

DC = 60% max DC% reached before melting o-rings

Ancor
4000 + : . I g + Inner conductor collision
3500 4 RPN B . S 0| Experimental SEY 6 ns
2000 1 i.'i!’;‘:{ii fO Pfitdt 7 6
. Fancor = DC RF~ONS
E 2500 . i : 6 nS
5 2000 - 5 o
g -
0-1500- ||'|
1000 . =
— — 2
5001 ‘ ' ' | or,surf = Pancor/surf = 50 W/cm
0 [ ¥ Y B ' A N X A A T N
E) 2‘0 4‘0 6‘0 80
t[ns]
Considered
surface

Pancor,surf = Pancor/surf = 100 W/cm?

The current of electrons are in the
order of hundreds mA.
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~ Thermal simulation

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

Both powers could have melted the O-ring

100 W/cm~/2

]O;ring

50 W/cmA2

Volume: Temperature (degC)

15
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amv £SS DTL windows design

~wmie - From MEGA technical design report

DESIGN FEATURES

Alumina (99.5%) disc with edge Kovar support ring (electro-
metallization (Sintered) .001- polished) formed to tight

1002 thick of MnO with Ni tolerance to outer diameter of
plating over to make “wettable™ Alumina disc.

for braze alloy (Au/Cu).

Tapped for % NPT to allow to
add adapters convenient to
customer requirements
(12mm Swagelok adapters
proposed)

[ e 316L S Window Flange
= Structure

Cooling Channel
between flange and
Kovar support ring

Fusion weld joints (one
each side)

Alumina window coating
with 10nm of TiN after
beazing into support ring

Coating on both side

Welded joints between WR2300 HH

Lifting Rings. Estimated flange pieces and window structure

weight of window is 102 Ibs
(46.3kg) \

Cu Plated input/output
waveguide sturctures for
low RF insertion loss

June 27,2019 WR2300 Half Height Vacuum Window, Mega Industries Confidential

View ports

REVIEW OF SPECIFICATIONS

— Electrical:
* Frequency: 352.21 MHz Center, BW: +/- 5 MHz
* VSWR: 1.065:1 Maximum (-30 dB Return Loss)
* Insertion Loss: < 0.01 dB
* Power: 1.4 MW peak, 70 kW ave typical (6 MW & 300 kW Maximum)
— Mechanical:
* Vacuum: full operation at 5 x 10® Torr or lower
* Leak Rate: < 1 x 10 mBar-Liter/second
* Pressurization: 2 atm (air side) with vacuum on other (30 psi differential across window)
* Cooling: <1 m®/hr of 30°C water at 100 psig nominal, static pressure test at 150 psig
* RF Interface: WR2300 V2 Height flat output

* (onstruction: wavee
window-TiN coated

#gum side Cu plated 316L SS, waveguide-air side Aluminum,
Alumina (>99.7%)

Changed to 2 nm in Feb 2019




amv £SS DTL RF windows design
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=TT Geometry and specs

8 7 ] 5 | 4 3 2 1
REV ECN DESCRIPTION DATE APPROVED
B NA Added Ref ESS-0030303.2 3/28/2016
C NA Update Overall Length based on new weldment 5/9/2017
D NA UPDATE ALUMINA PURITY T0 99.7% MIN 7/30/2018
) 3 NA Added Arc Detection Viewports 10/25/2019 vaM
II ] D
9.34in1.04
=% | « a=584.2 mm
_ e b=146.1 mm
i == i 316L Stainless

CU Plated

* thickness Al203=22.86 mm

. * diam Al203=368.3 mm
e gap AlI203-Pillbox=12.15 mm
* Rounded radius =12.7mm

Glass Viewports (DN16CF)

Coolant In/Out, Adapters from 1/4 NPT to 12mm SwageLok

Ref ESS-0030303.2 Flange ’
/ Druwing £
o o 4

¢ @ 15.920in B
[404.37mm]

Specifications:

()
=)

o © 9 0 o 0@ ' Electrical:
o I Frequency: 352.21 +/- 5 MHz
9.38in 23.00in 5.75in VSWR: 1.065:1 Max (30I:|B Rl)
o ' . Inserfion Loss: 0.01 dB Max
[238.3mm} o [564.2mm] / ° []46" mm} Power: 1.4 MW Peak, 70kW Average
Full Reflection, 6MW peak (4x nominal).
; °© 0o 0o 0o 0o 0io o o o o ° ) [ [ L .

Mechonical:
Material: 3161 Stainless Flanges & Body. Copper plating
n on waveguide sections. Alumina ceramic (99.7% MIN).

Interface: WR2300 Half Height CPRF

b —-— SECTION 8- Cooling: Water @ 30°C, 1gpm (0.23 m3/hr)
26.63in SCALET : 6 Vacuum: Sealed from both waveguide end to a leak rate
[676.4mm] <1.0 x 10-9 mbar I/s, Unit can be baked upto 200°C.
Weight: 1151 [46.3kg]
DRAFTED BY: DATE:  |DESCRIPTION:
A\m P Matthews 3/16/2016
INOUSTRIES LLL CHECKED BY: oate: | WR2300HH Vacuum Window, 352 MHz
A 28 Sanford Drive : Gorham, ME 04038 : (207) 854-1700 H.Downs 3/28/2016 A
PROPRIETARY AND CONFIDENTIAL |UNLESS SPECIFIED:| |yTerperer per | REV: | CATALOG #:
THIS DOCUMENT SHALL NOT BE UNITS: INCHES ASME Y14.5M 1994 | F 81406-701 A
PUBLISHED, COPIED, OR DISTRIBUTED | X.XXX + .005
FOR ANY REASON UNLESS GIVEN XXX+ .02 PARENT ASSEMBLY: [ MEGA MAT. CODE:
EXPLICIT WRITTEN CONSENT BY XX+ .05 MATERIAL:
Contact sales@megaind.com for more information. MEGA INDUSTRIES, LLC 2+ 30 CAGE CODE: 069Y7 [ SCALE: NA [ SHEET: 10F 1
8 7 6 5 [ 3 2 1

18
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ELECTRICAL PERFORMANCE

“Traditional” transition geometry,
short cylindrical cavity in front of
the alumina window. Very compact
design.

Window diameter and cavity
spacing optimized to get s-
parameter results shown.
VSWR Numbers:

— 1.056 Max (-31.3 dB RL) at 352.21 +/-
5 MHz

— -.003 dB Insertion Loss (theoretical)
L * Disc geometry:
— 14.57(368.3mm) dia. x 0.9” (22.86mm)
Thick
2 Y 0 48 ﬁmm 3% 300 £
June 27, 2019 WR2300 Half Height Vacuum Window, Mega Industries Confidential 8

amv £SS DTL RF windows design

ELECTRICAL PERFORMANCE, FIELD

e

BT EPEEHE TR

Maximum field on radius of
transition to cavity 'L

* Electric field is only enhanced by a factor of 2.8 over that in half height guide.
This indicates that window should easily handle the 1.4 MW of peak power.

*  Maximum field occurs where expected at the transition from waveguide to
cylindrical cavity. Transition has large radius to minimize field strength
enhancement.

June 27,2019 WR2300 Half Height Vacuum Window, Mega Industries Confidential 9

Round corner good for RF but not for Multipacting

19



— |nstallation on DTLs
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Each DTL has 2 power couplers.

The HH-WR2300 are coupled to the cavity through an iris
slot on the bottom of the tank.

The seal between the RF window an coupler box is an
EPDM gasket.

No RF joints to protect orings.

After approximately 1 month of high-power conditioning,
ligth started on both vacuum and air side on DTL2 and
DTL3. No Rev power, no overheating.

DTL1 and DTL4 ok.

O-rings were found to be melted.

Coloration: The windows show a yellow colour on the
rectangular exposed to RF and a whiter colour on the
hidden surfaces. Moreover there are trace of dark
shadows over the surfaces.

Planned actions
1. new metallic gasket
2. retest window offline
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w ESS RF window conditioning test bench

Istituto Nazionall
Laboratori Nazi

DTL windows

Klystron
. PDair1 PDvac1 PDvac2 PD air2
Circulator Pu

SW guide
SW

/2 ¥ guide

pdir) [Prev

load load

Load Load
Temperature sensors are placed on the window pillbox
walls, to monitor temperature in case of multipacting

21




R H|gh power tests @ESS

lNL

S/N 2056606 (report just one window test as example)

Vacuum at 1e-06 mbar.
Outgassing below 500 kW.

Lig ht’ Vacu u m a nd reve rse power effects 8 £ / / , ...... // / ..... ///// : / H /

Initially conditioned away.  — === SRR ]||(|HIH|||I

B =
SEIREBE (il iyl At

(deconditioning). Ramping 10-1000 kW LA
@14Hz.




— RGA over 48 hours
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e O-I’iﬂg permeation during the night RF StOp

When RF on, water (the blue) decreases with time, while increase
gradually after RF off.

To be compare with vacuum (the black in rigth picture) over same time
period.

At the RF ON, other gas (H2, CO2, N2, N2) are higher than water(H20)
- Released by RF conditioning of the window

£ MID View cusers) p\desktop'rga scan\beer\windows ts 20231114.exp View:2

Faraday : Torr HAL RC RGA 101 #15951
8e-06-F

%

|
| I | (11}
-EI||I|l||lIlllllll'Illlhllbllllllillllll|l|||l|||ll'H'llllll'l||||l"lhl'||l|llll|l|||||lll|l|l|ll|l||l'||IIIIIIIII
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<R Summary of the first phase of offline test
5 October 2023-April2024

We re-tested offline 5 windows which showed light on the DTLs:
— 4 windows still lightening.

— 1 window passed the test 2 somehow reconditioned, no light.
1 more window, never installed on the DTLs, was tested and passed the test.

2 windows have been installed on DTL5. So now DTL1-4-5 are equipped with
window.

The waveguide vacuum box did not perform good vacuum because of Oring seals
and Poor conductance.

Designed new aluminum seal and new vacuum box (ESS vacuum group).

We will use it on the spare's window tests.

24



~ev 1est of spare windows
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== 3 spares windows at ESS

1952776,1952177 by ESS + 1735696 by INFN.

High power test in vacuum never completed at
CEA and IPNO in the previous phases (2018,
2020) because of the failure of the pair windows.

High power test was completed in air to proof
thermal behaviour.

Coloration and visual inspection are good.

An updated vacuum box will be used to have
a better vacuum level (starting <1.0E-7 mbar).

Aluminum gasket->no baking

Narrower soft thresholds on vacuum (2.5 E-
/mbar) and light (45mV).

Under test right now. Reached full power, now
under endurance test @

(courtesy of Laurence Page)
25
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ESS RF window conditioning procedure

Improved routine with narrow soft threshold

RF high power conditioning is controlled by an automatic routine in python.

We perform RF power ramps from around 10 kW to 1.4 MW. We switch off the RF power when one of the following events occurs:
«  Outgassing with a vacuum level exceeding a hardware threshold defined at 1x10-6 mbar,
«  Presence of electrical arcs whose intensity is greater than around 2 lux (AFT photodiode”< 25 mV at < 1 Lux" )
¢ Water T outlet — Water T inlet > 0.6 degC (each window by design should give dT = 0.3 degC)

The RF power is increased step by step 1 kW per second). The power increases if the vacuum pressure is lower than a soft threshold placed
at 5x10-7 mbar or lower. The soft threshold is defined to allow some dynamic to RF with the initial conditions. If the outgassing is larger
than this soft threshold, we decrease the RF power of 10 kW or more if needed, to keep the vacuum lower than the threshold.

A similar soft threshold logic is setup on the light signal level being lower than 65 mV. The analogic signal of the AFT module is acquired
on an oscilloscope.

Once the vacuum is correct, RF power can increase. RF power ramps start with repetition rate of 1 Hz. The sequence is the following:
+  Conditioning in travelling wave at rep rates 1-2-3.5-7-14 Hz
«  For rep rate each configuration, we change the pulse width from short pulse widths =25 us to 3.6 ms doubling the pulses at the end of each power ramp.
* 12 hrs endurance test in travelling wave at 14 Hz — 3.2ms
+  Conditioning in standing wave, ramping power at 25-50-100 us 1 Hz and 14 Hz
* 2 hrs endurance test in SW at 100 us - 14Hz

*  The test will be carried out at 8 specific phase angles from a variable length short circuit

26



am Z00om on power ramps at THz-50us
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=== | ight and MP are present but conditioned away, with patience
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Some light on window 2 in correspondence of vacuum jump-up
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~m Z0om on power ramps at 1Hz-100us

Zoom on MP barrier at 400 kW
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~m Conditioning MP and temperatures

LNL

Istituto Nazionale di Fisica Nucleare

SSESE 39 ms — 14 Hz — 10 to 400 kW

CS-Studio - o x

* plot_windows_cond X | * DTL Window Test_Vac_interlock X | * DTL_window_temp X | Pulse generation - DTL-050 X | Timing System - Advanced View - DTLS %

=] [00% [~ |[a[~][=]~]

28

g =]
£-"1
PREE Operation Mode: Mixed -
= &7
o Cycle Modulator Cycles
SR
] Count: 52815326 -
8 ed |V Running at 14Hz
Zg | Frequency:  14.00 E 14.0Hz Number of Cycles: 14
a'ge
2
2 RF Sync Mixed Mode ‘ @ onDemand | |. Free Running

Pulse Length:  1600.000us
Delay: 5800.000 us . Start

25.0

RF Sync Delay: ~ 200.000us

e-Up [C] Couplerl.
45

Couplerz-AirSide-Up [C] Coupler2-VacSide-Up [C]

240

Temperatures on the window pillbox walls othernfomtion EVR nfomation

© PLLStatus

235

HV SyncWidth: 100.000 us
Timestamp:  Mon, 01 Jul 2024 14:35:07 +0200

23.0

FIM Delay Width: 7000.000 us
T T T T T T T T T T T T T T T T T T T

08:00 08:30 0900 09:30 1000 1030 1100 1130 12:00 1230 (12471300 1330 1400 14:30 1500 1530 16:00 16:30 17:00 17:30 Event Clock: 88.052 MHz
2024-06-27

|| D Properties x |

|| Traces | Time Axis | Value Axes | Misc. | Statistics

Show Item (PV, Formula) Display ... Color Cursor ... Scan Pe... Buffer ... Axis Trace T... Width Style Point Size Request Index
]  DTL-050:RFS-TE-001:ChQ-Temp Couplerl.. (@ | 27C 0.0 5000 Value ~ Area v 2 Solid ~ None =~ 2 0
]  DTL-0S0:RFS-TE-001:Chl-Temp Couplerl... [ | 28C 0.0 5000 Value ¥ Area v 2 Solid + MNone ¥ 2 0
]  DTL-0S0:RFS-TE-001:Ch3-Temp Couplerl... (@ | 27C 0.0 5000 Value ¥ Area v 2 Solid v None ¥ 2 0
v/ DTL-0S0:RFS-TE-001:Chd-Temp Coupler2... (g v | 27C 0.0 5000 Value v Area v 2 ~ None v 2 0
]  DTL-OSO:RFS-TE-001:ChS-Temp Coupler2... 27¢C 0.0 5000 Value ¥ Area v 2 + None ¥ 2 0
]  DTL-050:RFS-TE-001:Ch2-Temp Coupler2... || »| 28C 0.0 5000 Value ¥ Area v 2 ~ None v 2 0

Select trace to see data sources




~v Refurbishment by MEGA

~ INL

Istituto Nazionale di Fisica Nucleare

-~ Refurbishment of alumina (production of new windows takes >12months)

3 windows have been shipped in February to MEGA Tentative repair plan of the 15t window:

for refurbishment of the alumina. — Test trial, remove Alumina brazement/Kovar ring

They will start form a single window to proof the assembly housing utilizing a non-deliverable rejected unit
effectiveness of the refurbishment. - remove Alumina brazement/Kovar ring assembly for

In the discussion with company, it came out that the housing EDM (submerged in deionized water)

specs of the TiN were changed in 2019 from 10-20 nm — Abrasive blast/clean Alumina surface both sides in house
to 1-2 nm. The exact reason for this change in (remove TiN)

specificat.ions has not been identified, neither ~ Recondition or re-make housing/flange (qty 2 per
communicated to INFN. Window)

It is agreed to increase the thickness of coating = TiN coat one side of Alumina brazement/Kovar ring
deposition during the refurbishment to 10 nm over a assembly 10nm (USA supplier)

single side. ~ RF check (IL, VSWR)

Final offer received on April 23 after weekly technical — TiG weld Alumina brazement/Kovar ring assembly in
contacts (including visit at CERN). house

Order on going for the 15t unit by INFN (some — water pressure check, Vacuum and leak test

bureaucratic issue as usual in Italy) ~ RF Condition of RF Window @ ESS> August 2024
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Istituto Naz |ar N

N Summary of ESS DTL windows

semssss 13 windows, 6 installed, 2 spares under conditioning, 1 tentative refurbishment, 1spare to
be tested, 3 to be decided

1952778
1952779
2056263
2056264
2056606
2056277
2056278
2056614
2056613
2056607
Spares

1952776
1952177
1735696

Oring
Oring

Aluminium

Aluminium

Oring

Oring

Aluminium

Aluminium

NO
Yes
YES
YES
YES
NO
YES
YES
NO

On going
On going
TBD

No
Yes
YES
No

Yes

Yes

DTL4-C1

DTL4-C1

DTL5-C1

@MEGA, 15t refurbishment
@MEGA

DTL5-C2

DTL1-C1

@MEGA

@ESS

DTL1-C2

offline test

offline test
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R Multipacting studies

LNL
Istituto Naz IdF NI

= Present geometry analysis

CST studies of MP has been performed using
SEY of alumina and copper from paper of CERN
and DESY.

Electron multiplication studied with and without
space charge (procedure follows SNS studies
performed by G. Toby [3] and Langellotti [0]).

The method is validated by recognizing the
colored MP zone observed on the alumina and
the highest reaction at 300 kW.

The method has been validated also in the
framework of IFMIF programme.
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R Multipacting studies

LNL
Istituto Naz IdF NI

= Present geometry analysis

CST studies of MP has been performed using
SEY of alumina and copper from paper of CERN
and DESY.

Electron multiplication studied with and without
space charge (procedure follows SNS studies
performed by G. Toby [3] and Langellotti [0]).

The method is validated by recognizing the
colored MP zone observed on the alumina and
the highest reaction at 300 kW.

The method has been validated also in the
framework of IFMIF programme.

9UO0Z Palse|q 1.9
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N Multipacting 350 kW, 1400 kW

Present geometry analysis

20000 electrons, no .s.c.

Alumina SEY as [2] for 5 nm—>our case is 6.0 ESS window, traveling wave
2nm, so it should be worst : :Eg:ﬁgﬂkfw= - -

Copper SEY as Furmann
Maxwellian distributed electrons [3]

No space charge

NB: for calculation without space charge
saturation, we often compare results using
Furman'’s SEY and Imported SEY from ref. .

[1]. 0 : 10 15 20 25 30
t [ns]

We do not use Furmann for calculation
with space charge.
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~v Multipacting movie

LNL
Istituto Nazionale di Fisica Nucleare

Laboratori Nazionali di Legnaro P rese nt g eo m et ry a n a |yS i S

.sEENyEESaEEBE I AL
S EEEEEEEE L

1400 kW 350 kW

For visualization proposes, the number of electrons have been decreased from 20000 to 1000

F GRESPAN L. BELLAN - WWFPC#6 - CERN JULY 2024 35




(R RF Matching procedure for a new geometry

Istituto Nazionale di Fisica Nucleare

Laboratori Nazionali di Legnaro . .
Changes in alumina
thickness

Changes in AIR
<> gap thickness

The dimensions of the VACUUM-side geometries zone are determined by the MP simulations.
In case we RF match using air-side.
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E Peak field

Calculated with CST

V/im
.65e+05
7e+05
6.5e+05
6e+05
5.5e+05
5e+05
4.5e+05
4e+05
3.5e+05
3e+05
2.5e+03
2e+05
1.5e+05
100000
50000
1]
e-field (f=352.21) [1[1675,0]] <
Orientation Qutside v
Component Abs
Frequency 352,21 MHz '
Phase 90"
Cross section A z e
Cutplane at X 0.000 mm
Maximum on Plane (Plot) 764437 V/m
Masximurm (Plot) 765341 V/m
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w Result of matching procedure

Istituto Nazionall
Laboratori Nazi

el k=

« -43.8 dB, peak

10 MHz band at -30 dB

* Alumina 99.5% purity, loss free
* Dielectric constant 9.8




~m Multipacting simulations — imported SEY

~ INL

Istituto Nazionale di Fisica Nucleare
Laboratori Nazionali di Legnaro

20000 macro-electrons around the edges, starting energies between 1e-4eV and 10eV uniformly distributed.
[ref O]

SEY on Copper [ref1] interpolated at 150 degC
SEY on allumina [ref2] 200 degC, 5 nm alumina

Multipacting simulations @ 352.21 MHz, traveling wave, space charge included
le6

1.4 W 350 kW

s . f*"” . - 850 kW
; 1.4 MW

Original 0.850 MW

Original 0.350 MW

Original 1.4 MW

5 mm curvature, gap 20 mm, 1.4 MW

5 mm curvature, gap 20 mm, 0.350 MW
5 mm curvature, gap 20 mm, 0.850 MW

Starting position of macro-
electrons

t [ns]
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v Window + waveguide, Furmann SEY

~ INL

Istituto Nazionale di Fisica Nucleare
Laboratori Nazionali di Legnaro

« 20000 electrons, no .s.c.

* Alumina SEY as [2]

* Copper Furmann

* Maxwellian distributed electrons [3]

Multipacting simulations @ 352.21 MHz, traveling wave, Furmann

350 kW

fi

&
s
¥
e
'

| ' ' ' ' ' 5 ~~- Original 0.350 MW

4 A NA\AL | ¢ Original 1.4 MW

5 1 4 1MW s 5 mm curvature, gap 20 mm, 1.4 MW

' ! ——- 5 mm curvature, gap 20 mm, 0.350 MW

log(ne)

-
i '.--_"'-"."-——-
L o ==

8.5 sfemmemsnnnfumeaanraad

Starting position of electrons t[ns]
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am R&D on MP suppression

~ INL

Istituto Nazionale di Fisica Nucleare

~=ien | Jse of the grooves to trap electrons

10, -—f

20 -12 mm deep " -

5 mm wide |

ESS window 1.4 MW, traveling wave, space charge included

2-30 : : : : : :
5.00 -----m-mmcbooomoeoeofe L
| «  MEGA sc
475 g » hard edge 60 sc, S11 = -29 dB, E = 8.9e+5 MV/m

» hard edge 30 mm sc, 511 = -35dB, E = 8.7e+5 MV/m

= ’ ’
% 4,50 Tl - oty ISR NSRS SRPRSRI W — » hard edge 25 mm sc, 511 = -54 dB, E = 8.84e+5 MV/m
o ' ’ ! ! ! ! ! » hard edge 20 mm sc, 511 = -29 dB, E = 7.8e+5 MV/m

495 * hard edge 25 mm sc, 511 = -39 dB, E = 1.2e+6 MV/m, groove

* hard edge 25 mm sc, 511 = -39 dB, E = 1.6e+6 MV/m, groove long
4,00
3.50 ; ; ; : i i
0 10 20 30 40 50 60 70
t [ns]
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LNL R&D

Design, coating, brazing

In the last years INFN has developed various high-power couplers.

Such devices have shown good performances, with some time limits in term of reliability and
durability.

In view of future projects, we started a consolidation program on coupler design and realization.
The development of a coupler is a multidisciplinary enterprise, that involves mechanics, RF and
vacuum expertise, material science.

— We just showed some recent results on MP studies, moreover...
— LNL has internally brazing, coating and material analysis facilities and expertise

— We can set up a qualification process for the Ti(N) coating of different shapes of alumina windows (discs,
coaxial, cylinders), able to evaluate composition, thickness and uniformity of the deposition. The
qualification should be based on RBS or SEM on appropriate samples, then on resistivity measurements
on the final parts.

— We want internally develop the brazing process ceramic-to-metal, which is a key asset for the coupler
production, being nowadays one of the most time-demanding steps on the procurement chain (adding 6-
9 months)
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— First calibration run at CERN

" INL

SEETET | ayout for deposition test for RF windows: TiN or Ti coating qualification

Sample description:

9x Sapphire Coupon @ 3x Allumina Coupon
(;,J 10% Glassy Carbon Coupon

— Glassy carbon thickness: 2mm

(various roughness)

— Sapphire thickness: 0.5mm

— Alumina samples if available at LNL.

Interested analysis:

— RBS and NRA for areal density and /
composition using glassy carbon substrates

(@LNL).

120

240
360

— Roughness and further resistivity
measurements on sapphire substrates

(@LNL).
— SEY on Alumina substrates (@CERN).

l’L\(ejn \:Jvae“\]/c\i/?;\é(’;cr)] prlr);):?:[]nfocrﬂlloliﬁt;gn Courtesy of Wil Vollemberg -CERN
Vendc(l)rs PP itp Matteo Campostrini and Carlo Roncolato - LNL
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ints

H
8 2600

~v RBS analysis at LNL

Capability of analysis of tin layers and TiN sputtering (examples not from

RF windows)

RBS spectrum of TiN/Ti/Si coating
o Beam 1.6MeV [AN2000 facility LNL]

Energy [kev]
300 400 500 600 700 800 900 1000 1100 1200 1300 1400

1500

5200

sm| example of TiN target used in

.| astrophysics experiments Ti

4400 (interlayer)

4200
4000
200 N (TiN
3600 .
3400 coating)
3200
3000
2 800

Ti (TiN
coating)

|

2400
2200
2000
1800
1600
1400

1200 Sl
1000 substrate

800

TiN thickness
~1.5*10"8 atm/cm?
~150nm

600
400
200

100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500

Channel

Courtesy of Matteo Campostrini

RBS spectrum of Pd/Si coating (solid angle internal
standard) oo Beam 1.6MeV [AN2000 facility LNL]

Energy (MeV)
0.5 1.0 1.5

60 _I T | T T T T | T T T T | T ]
50 | Pd thickness .
- ~3.9*10'® atm/cm? ]
- i
5 40 f ~6nm .
~ 0 ]
e B i
T‘és i i
=) L _
z 200 ]
0 :
i P i

0 T T T T | T T T T | T T | T 1 T T | i T T T

100 200 300 400 500 600
Channel
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~v Brazing development

LNL

Istituto Nazionale di Fisica Nucleare

-~ Active Brazing Alloys as alternative to make MoMnO+Ni metallization

A A
%Molybdenum-Manganese I Nickel Plate % Active Filler Metal Brazing

Advantages
Advantages —ALO, Ceramic + Ease of use ‘
+ Mature technology * Variety of filler metal [ —— AlLO; Ceramic
. P hist Mo-Mu Paint schemes & temperature
r0\_fen istory _ — Mo- am ranges

+ Easily brazed using + No specialized metallization

standard filler metals Sinter 1450C equipment or processes
« Commercial Suppliers Wet H2 atmosphere required

Available Nickel PL + Easily brazed using standard IS ——— Metal Substrate

ickel Plate filler metals E=————1_ A tive braze filler metal

- — Al,O; Ceramic

Disadvantages o o
. N ——Nickel Sinter, 950C Disad t
= Time consuming H2 Atmosphere Isadvantages
* Multiple-step process Metal Subsicat * Requires s ei'mallz?‘d
. - —Metal Substrate equipmentatmosphnere

* Req_uwes stpemallzed —————9_  (onventional braze filler metal c(c)lnt?o| P —— Brazed metal to ALO,

equipment ) Metallized Ceramic Substrate + Not usable with all joint ceramic assembly
* Nickel plating depletion designs
+ Expensive — Brazed metal to ALO, + Size constraints

ceramic assembly @ Sandia Sandia
National _ National
7 Laboratories 17 Laboratories

C.A.Walker, Welding Journal 2008




~v Brazing development

LNL

Istituto Nazionale di Fisica Nucleare

-~ Active Brazing Alloys as alternative to make MoMnO+Ni metallization

Brazing alloys Italbrass:

- paste CB10 (B-Ag64,8CuTi 780/805 )

- Wire Cb4 (70.5Ag, 26.5Cu, 3Ti filo)
Both have an higher content of Ti, which is
important for ceramic-metal bonding.

LNL has long experience on traditional
brazing techniques (IFMIF RFQ, ESS DTL).

Ordered at ITALBRASS/Kyocera a set of
alumina disks (diam=25 mm,

thickness=4mm) and ABA paste. 0 KYOCERA

DEGUSSIT AL23 2023.04.03

Material Type: Aluminium oxide (a-Al,O,)

First test of brazing small samples on the
small LNL vacuum furnace. Then actual

MECHANICAL & PHYSICAL CHARACTERISTICS (TYP,)

geometries on the big vacuum furnace. T i
After brazing, the same samples will be o
used to characterize the SEY at different it - : o
roughness values (1.6um and smoothest), Lo cstcin _—- .
. . . . specific heat 20 °C [Akg*K)] 900
provided that the coating thickness is the e o
same—>good input for simulations. s s e

Dependent an manufacturing method

Courtesy of Luigi Ferrari
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~= Conclusions

~ INL

Istituto Nazionale di Fisica Nucleare
L K

Present design and next geometries

Ingredient for good RF window performances:

RF design checked for multipacting = there is always a possible optimization
General quality control, carefully qualification of TiN coating vendors.

Avoid o-rings in proximity of the RF window

High power RF must be run only at good vacuum level (< 1.0e-7 mbar)

Automatize conditioning procedure

Take your time for conditioning keeping light and vacuum below narrow thresholds

RF windows remember their own history—> difficult (but possible?) to re-condition it

Good handling, good coating and good vacuum cannot be replaced by a good design.

Recent issues have triggered a fast-learning curve of LNL task force.
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