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Nb on Cu research - two types of samples

OFHC (copper) sheet material for film deposition,
characterisation and DC measurements
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—Inding best recipe for Nb on Cu samples

SAMPLE NAME
SAMPLE PROCESS # C1 7 c10 L1 L19 120 L10 L13 L16 L23 L18 L21 L9 L4 L8
Sample production 1 CERN CERN  CERN CERN CERN CERN CERN CERN  CERN CERN CERN  CERN CERN CERN  CERN
Sample labeling 2 CERN CERN  CERN CERN CERN CERN CERN CERN  CERN CERN CERN  CERN CERN CERN  CERN
Sample shipping 3 to LNL folNL  tolNL fo LNL tolNL  folNL  folNL toINL  folNL to LNL tolNL  tolNL
SUBU Polishing Process 4 | CErn' | cern | cern [EREN NN R
EP Polishing Process 5 ---
EP+SUBU Polishing Process 6 Ean | e e
Tumbling Cleaning procedure 7 --
Surface characterisation 9 OO TGO TN S T TN TS T T
Sample shipping 10 |toU.Siegen toSTFC  tolNL toUSiegen toSTFC to U.Siegen to STFC to U.Slegen to STFC to U.Siegen  to STFC
Nb coating 11 |U.Siegen [UERET v siegen NI ussiegen
sample cutting 12 | U.Siegen NN usiegen | NN ussiegen
Surface characterisation 13 | U.Siegen - U.Siegen | - U.Siegen
Sample shipping 14 to IEE to IEE to IEE to IEE to lEE to IEE to IEE to IEE to IEE to IEE to IEE to IEE to IEE to IEE to IEE
SC magnetization characterisation 15 --_--_--_-----
Sample shipping 16 to RTU to RTU to RTU to RTU to RTU
Laser post-treatment 17 RTU RTU RTU RTU RTU
SUBU CERN 25
: SUBU cern @ ¢ INFN
225 4
EP ¢ A Siegen Uni
= 20 A SUBUinfne @ STEC
E Tumbl; EP
-~ 17.5 1
o Tumbl. 3 atT=4.22K
15 A
EP + SUBU
12.5 SUBU cern ®
10 T T T T T
3 35 4 45 55
T[K]

Courtesy Cristian Pira & Eugen Seiler




Nb on Cu research - two types of samples

OFHC (copper) sheet material for film deposition,
characterisation and DC measurements

Cu sample Nb sample
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Peculiarities of QPR samples

QPR samples easier to manufacture than cavity, but ...

Cu-disk had to be ,weld” into Nb cylinder
(no braze in order to avoid temperature or chemistry related restrictions)
Sides of cylinder had to remain superconducting

Rim should be Nb
(in order to require coating of flat surface only)

close up picture of test ,weld” after LASER cleaning
with Nd:YAG laser

(1064 nm) at RTU

ARIES (courtesy Arturs Medvids)




Research topics for Nb on Cu QPR samples

» Apply EP and SUBU (best 2 methods from sheet samples) to QPR sample
» Study the influence of Cu surface preparation on RF properties

» Study different coating techniques

» Use as baseline samples for further multilayer / other materials

INFN
A )
UNIVERSITAT é@ Sci & Technol Hz B
I N F N " SIEGEN - Facclﬁrzwcees cO:nccilno o8y Helmholtz

Zentrum Berlin

Surf. preparation, Niobium coating

polishing (INFN LNL) (Uni Siegen, CERN, STFC) RF testing (HZB)

Shipping in
transport box

Shipping in
transport box




QPR coating facilities

» A dedicated UHV deposition system
was set up to deposit single layer SRF
thin film on QPR.

» QPR can be heated to 650 °C during
deposition

» Distance between Target and QPR can
be adjusted

> Base pressure of 2 x 10° mbar is
achieved after Bake.

Courtesy of Reza Valizadeh (STFC, Daresbury)

» Nb/Cu QPR sample coating
» DCMS Nb coating on EP treated Cu
» HiPIMS Nb, NbN and Multilayer
final coating

Courtesy of Michael Vogel (Uni Siegen)
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Sample testing plan

5 3 REWELDING?
Comparison

between 2 polishing multil./
B-2 methods r HZB RFtest newm.

UNIVERSITAT 3 im multil./new
B-3 steeen RF test _
Nb film HZB mat. Comparison between 2
labs coating procedures
Recoat.: multil./new
> - BN gy, HEB RFtest 5

DONE
IN PROGRESS
FAILED
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Nb on Cu samples

B_1 4 & Science & Technology
. @ Facilities Council

sample broken at
Nb/Cu interface

Further materials analysis

| e ] ¥

B-2.4

hole pattern for T-sensors
at sample backside visible
in coating:

cause unknown

" UNIVERSITAT »
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B-1 Sample state (SUBU, STFC)

B-1.4
Sample disk was cut out and scanned with SEM % SUBU

Large Cu Metal Block

@ Observation Condition

Accelerating Voltage : 30 kV

Signal : SE(UD,LD), PDBSE(COMPO,TOPO)
Magnification : 800x

@EDX analysis Condition

Accelerating Voltage : 30 kV (SU7000 + OXFORD Ultimax170)
6 kV (Regulus FE-SEM + Bruker FQ)

Signal : PDBSE(COMPO)

Copyright ©2019 Hitachi High-Technologies Corporation All Rights Reserved.

1 Courtesy of Reza Valizadeh (STFC, Daresbury)
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B-1 Sample state (SUBU, STFC)

Sample disk was cut out and scanned with SEM B-1.4
La rge Cu Metal Block Bruker FQ EDX Mapping spectrum 6 kV SUBU

0.5 1.0 15 2.0 2.5 3.0 3.5 4.0
Energy [keV]

H’taCh’ H’ghqéth Copyright ©2019 Hitachi High-Technologies Corporation All Rights Reserved. 5

+ Courtesy of Reza Valizadeh (STFC, Daresbury)
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B-1 Sample state (SUBU, STFC)

Sample disk was cut out and scanned with SEM B-1.4
Large Cu Metal Block Bruker FQ EDX Mapping 6 kV SUBU

H’taCh’ H’g’ﬂé‘h Copyright ©2019 Hitachi High-Technologies Corporation All Rights Reserved. 6

; Courtesy of Reza Valizadeh (STFC, Daresbury)
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B-1 Sample state (SUBU, STFC)

Sample disk was cut out and scanned with SEM B-1.4
SUBU

Cu on the surface!

* Some delamination of the film
e Also looks like the original
particle was ripped from the
surface

Regulus MAG: 800x ' HV: 6 EV' WD: 13.0 mm

1 Courtesy of Reza Valizadeh (STFC, Daresbury)
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B-1 Sample state (SUBU, STFC)

Other regions B-1.4
Large Cu Metal Block Accelerating Voltage : 30 kV SUBU

PDBSE(COMPO) | PDBSE(TOPO)

SU7000 30.00kV 6.1mm X150 PDBSE1(COMP)

ARIES Courtesy of Reza Valizadeh (STFC, Daresbury) 7 -



B-1 Sample state (SUBU, STFC)

Other regions
Large Cu Metal Block Bruker FQ EDX Mapping 6 kV

Ll TR e S T o I P e

SU7000 30.00kV 6.1mm X150 PDBSE 1(COMP)

Copyright Oy D 490

Courtesy of Reza Valizadeh (STFC, Daresbury)




B-1 Sample state (SUBU, STFC)

Other regions

Large Cu Metal Block Bruker FQ EDX Mapping 6 kV

; 3 3 /
Sy
. <
f =7 . -~
Regulus 1 ‘l‘-i;’;:\i j! Fe ,
/ ’y

MAQG: 2500x HV: 6KV WD: 14,0 mm

Copyright © e

Courtesy of Reza Valizadeh (STFC, Daresbury)




Nb on Cu samples

hole pattern of sample
backside revealed in coating

- & Science & Technology - " UNIVERSITAT - & Sciznce & Technology
B 1.4 @ Facilities Council B 2'4 SIEGEN B 5.4 @ Facllities Council

sample broken at
Nb/Cu interface

Further materials analysis RF testing in QPR
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R, vs T measurements 415 MHz

1400 . . , | |
— % 416 MHz, B 5 mT, 2 um Nb/Cu B2.4 igsca &
g 12007 | 'a 416 MHz, B 5 mT, 3 um Nb/Cu B5.4 I C 2
S
5| . ~415 MHz
ad
g 8007 | -
3 R B-2.4 :
3 R e Wl s ‘
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Q400 LA L |
E 200 A A A Y w * |
s PO 24

O L L 1 L \
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Sample temperature T, [K]

Ries ~ 125 nOhm

B >70mT
Courtesy Dmitry Tikhonov quench

ARIES



R, vs B, measurements at 415 MHz

Samples B-5.4 & B-2.4, SUBU

240 T T T A T T 1200 T T T T
¥ 416 MHz, T4.5 K, 2 um Nb/Cu B2.4
g220— AN T2 K. 2 am NbCu B2 T25K - = T45K job L& 416 ML T45 K3 um No/CuBS 4
S 500 L4 416 MHz, T2.5K, 3 ym Nb/Cu B5.4 21000 ¢ 1
Q )
A=} A,
<180 T
[ 160 &2 800 1
8 i - 18 e
= aaE TR A 5
Z 1401 K 1 = *
g7 ‘% 600 r .
E 1201 s A 12 *
L L ¢ Fr
Q 8 o®
S 100 1 € 400} ¢ L |
7 g0t | @ 00009000 . %
Ap & % X
#
60 1 1 1 1 1 1 | 1 200 1 1 1 1
0 2 4 6 8 10 12 14 16 0 10 20 30 40 50
Peak field on sample B, [mT] Peak field on sample B, [mT]

~415 MHz

Courtesy Dmitry Tikhonov
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R, vs B, measurements at 415 MHz

B-5.4
1100 ' '
SUBU
1000 ¢ 416 MHz, T 4.5 K forw, 3 um Nb/Cu B5 o1 &
—g ur
5 900 - |
2 o _ 415 MHz
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3 700 |
% f.
£ 600} |
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= 500t ¢
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> ¢ ¢ ¢ ¢ ¢
300 b ¢ o ¢ |
¢ O
200 ' |
i 5 10 15

Peak field on sample B, [mT]

Courtesy Dmitry Tikhonov
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R, vs B, measurements at 415 MHz

B-5.4
1100 . . 3
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Peak field on sample B, [mT]

Courtesy Dmitry Tikhonov
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R, vs B, measurements at 415 MHz

B-5.4
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Peak field on sample B, [mT]

Courtesy Dmitry Tikhonov
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R, vS T measurements at 415 MHz

B-5.4
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Sample temperature T, [K]

Courtesy Dmitry Tikhonov
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R, measurements 415 MHz
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Courtesy Dmitry Tikhonov
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Frequency shift vs Temperature
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Sample temperature [K]

Courtesy Dmitry Tikhonov

T.0f 9.5K,

too high for Nb

B-2.4
SUBU

" UNIVERSITAT
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Freqguency shift vs Temperature
1
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Courtesy Dmitry Tikhonov
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Freqguency shift vs Temperature
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Courtesy Dmitry Tikhonov




Summary

» Collaboration ARIES WP 15 in European framework set up
» Nb on Cu procedure on substrates films and QPR chambers
» RF measurements in QPR

» Optimization ongoing
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ARIES WP15 — Outlook to IFAST
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ARIES WP15 - Outlook to partners
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