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Goal of my thesis

* Magnetic studies of SIS coatings

* Two main aspects:

- Magnetic Flux Expulsion

* Investigations on T;
- Determinationof H¢ct ——— — >
* Penetration depth A
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Status Update of PEALD System
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Status of PEALD System

* Various problems
O-Ring broke, was replaced

Scratch at chamber door, valve
opening/closing, plasma head...

* Started first coating campaign

So far all coatings and annealings went as
expected

* Working on optimization of process parameter
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Status of PEALD System




Flux Expulsion Measurements at CERN
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Flux Expulsion Measurements at CERN

* Discovery of Flux Ratcheting on Nb/AIN/NbTIN
* System modification of Flux Lens Experiment
Installation of new flux probe
Moved to new cryostat

* Further investigations on T¢
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Flux Lens and disc-shaped samples

* Collimate expelled flux from superconducting sample at controlled cool-down
conditions

3 SC/NC
" Phase front

Heater
Sample~_ 5 RS NE @0 RS
Tinhl.}
Temperature 2 S = .
sensors P *T
B e B[]
Magnetic probe * * * * Bartolome et al. ,Flux expulsion lens* CERN SRF Workshop 2022
Cold source
-
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Flux Expulsion Measurements at CERN
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Bartolome et al. ,Flux expulsion lens* CERN SRF Workshop 2022
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Flux Expulsion of a ratcheting pulse:
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Sample Preparation

Live table - Update as samples change

Initial structure Current placement | Comments
Samples Structure Anneal Temp
DESY _0_1 |Nb s00|DESY Sacrificial sample - Becomes Nb/AIN
DESY_1_1 Nb 500 |DESY Becomes SISIS
DESY_2 2 | Nb/NbTiN 800|CERN Annealed
DESY_3_2 | Nb/AIN/NBTIN 800|CERN Annealed
DESY_4 2 | Nb/AIN/NbMN 800|CERN Annealed
DESY_5_2 JN/AIN/NBTIN 500 |CERN Annealed
DESY_6_2 | Nb/NbTiN 500|CERN Annealed
DESY_7_1 |Nb 500 |DESY
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Flux Expulsion and Ratcheting

16 : . T : 7
Nb/AIN/NBTIN - Pre-anneal (]

N/AIN/NDN - Pre-anneal Pre-anneal: Flux expulsion
14 R L dominated by Nb substrate

‘ Nb/NbTIN - Preliminary
12 @ Nb 900°C anneal (Lj measurement)
| b =AM LN
L st
10 RICRIRE T
= R O N
@_ el - X
n”: 8 - e
3 .-:_,_t.
'ﬂj ¢
6
5 !
4
. e
2 i
0
0 2 4 6 8 10

VT=dT/dx [K/m]

UH
it
L2 Universitait Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG




Flux Expulsion and Ratcheting
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Flux Expulsion and Ratcheting
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6 8 10
VT=dT/dx [K/m]

Sample preparation with
900°C annealing has better
expulsion than 800°C
annealing

TC,NbTiN = 14K (pOSSlbly
underestimated)

S-S sample shows no effect of
NbTiN layer

Nb/AIN/NbTIN looks worse for
T>Tcnotin — More pinning
sites!




Flux Ratcheting for Nb/AIN/NbTiN
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No ratcheting for Nb/NbTiN
and Nb/AIN/NbN - T¢ check
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Ratcheting occurs for SIS with
NbTiN, stepwise transition

But NOT for S-S with NbTiN
— Assumption: Oxygen uptake
during annealing, TcnoTin

surpressed

And NOT for SIS with NbN
— We don’t achieve needed NbN
phase during annealing




NbN phases
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Atomic Percent Nitrogen

https://www.desy.de/f/students/2014/reports/hilbig_mario.pdf

Assumption: We form y-phase
with 8.9<T¢<11K

NbN d-phase with Tcof 17.3K is
relevant for SRF

— Forms above 1250°C
annealing, not possible for us

Soon: 1300°C annealing in
Darmstadt.




Tc measurement at CERN

1 temperature 2
=

* Measurement of coated Nb samples
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* Contactless inductive measurement
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Fonnesu, D. et al. [doi:10.18429/JACoW-SRF2021-SUPFDV018] (2021)

Initial structure Current placement |Comments

Samples Structure Anneal Temp

CERN_Tc_1_2 Nb/AIN/MNbTIN 800|CERN Annealed @900°C 1h

CERN_Tc_2 1 Nb/AIN/MNbTIN 800|CERN

CERN_Tc_3 2 Nb/NbTiN 800|CERN Annealed @900°C 1h

CERN_Tc_4 1 Nb/NbTIN 800|CERN

CERN_Tc_5 2 NbAIN/NbN 800|DESY Annealed @900°C 1h

CERN_Tc_6_1 NbAIN/NbN 800|DESY

CERN_Tc_7_1 Nb/NbN 800|DESY Will be annealed
UH CERN_Tc_8 1 Nb/NbN 800|DESY
Universitst Hambur CERN_Tc_5_1 Nb/NbN 800|DESY 1300°C anneal in Darmstadt
DER FORSCHUNG | DER LEHRE | DER BILDUNE CERN—TC—9—2 Nb 800 DESY Becomes SISIS




Tc measurement at CHyN

* Dynacool system
* Measurement of electrical properties of coated Si samples
* First results of Nb/AIN/NbTiN

Not annealed: 8.51K

Annealed: 15.95K
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Determination of H.1 at KEK
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Determination of H.s at KEK

Setup
Coil Heater
SiN ball Epoxy adhesive
Coil stage

Sample stage Temp. Sensor

Ito, H. et al. [arXiv 1907.03410] (2019)
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Principle
Happ < Hea(T)
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Superconductor

Aburas, M. et al. [THPB038] (SRF2017)

21



Coating Plan KEK

d,/ nm NbTIN
One S-S sample coated with

25 Yes NbN
50 Yes — to be annealed in Darmstadt
60 Yes —2xw & 1x w/o 120°C
System modifications @KEK
75 Yes —2xw & 1x w/o 120°C
First 5 samples will be send to
100 Yes —2x w & 1x w/o 120°C VISR ot (et vvmehal
125 Yes
S(1S)? Yes - 2x
> 14
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Determination of H.;

* Input parameters

- London penetration
depth AL

- Film Thickness d
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Complementary Measurements: VSM @ CHyN

* Vibrating-Sample magnetometry

* Measure magnetic moment m vs.

H to obtain Hc1
T to obtain T¢

of zero-field-cooled samples

* Possible for both Nb and Si

UH

L2 Universitait Hamburg
DER LEHRE | DER BILDUNG

—  Sample Holder
Pickup

Coils ]

N

Vibration
alomg
Z-Axis

unifarm ma gnetic field

https://en.wikipedia.org/wiki/Vibrating-sample_magnetometer
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Supplementary Measurements
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LE-uSR Experiment at PSI
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Determination of A_ s e,
2 ol Normal State (12K)
* Depth-resolved measurement of Meissner-Screening - |
. 150 |- Meissner state (3K
profile i -
* Field screening considering counter-current-flow .
induced by substrate e
E (keV)
L z=0, 3057 , ,
d 1 d - Normal state (20 K)
) b ol LR G e g MOS0, |
B(z) = By x { Dss [COSh( i )+( /lsb)smh(/l—s)]’ Uit E ol . 1
e 2 —d, 3 _:,E- Melssne{rzs_gatlg
- e | L &7 B @ 15¢ -
10T — Awp,_,7in = (185 = 7) nm
] /lsu . H - L L v v
Dg_g = cosh (d—) + ( b) sinh (d—) 0 5 10 15 20 25 30
Ag As As E (keV)

Asaduzzaman, Md et al. [arXiv:2304.09360v 1] (2023)
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XRR for NbTiN
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28 [°]

Film thickness d as input
parameter for Hc1 determination
— determine growth per cycle
with XRR

Good fit for 100 supercycles of

NbTiN (25nm thickness)

Remeasurements for
— Various # (super)cycles
— NbTiN, TiN




Outlook
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The Coating Plan

COATINGS
T0DO: REMEMBER: OVERVIEW:
Precursors? 19 December Povier Shut Down @ CHyH Campaign

EFNb samples
CheckT for &N with Rakshith
Isabel & Rakshith discussion T of AN coating

Enough $i for ¥RR, SEY Campaign

MOTES:

AIN @ 100, 125° is bad, @ 150, 200°Cit's good but blisters

Mb precursor refill when morethan 5000 cydles done (max. 6000)
MNanawirestor Frald!

150m AN 273 cycles

G0nm NbTIN 243 super cycles (1 supercycle = 1Ti + 3*NbN)
G0nm NbN 1000 cycles
| TBTDEN = Nb precursor

8xKEK, 1 Flux Lens, 8x Tc, 8x Nbref, and §i +3 b sheets
6xKEK, 1x Flux Lens, 5x Nb ref, and 5i+ Nb sheet

SHIPPING TO CERN:

CERN, Bat 252 1-026, 1211 GENEVA 23, Switzerland
$Y-RF-SRF: Superconducting RF section

Alick Macpherson

TOMAT = Ti precursor
THA = Al precursor
CAMPAIGH 1
For?. thin filrm layers thickness AN cyc BN cre—TiN oy approw. duration (h) days which samples? Friarity comments COATING ANMEALING
< = spprac. nmj |~ = = < = ~|Runnb. |~
KEK, CERN AN (LS Am ) SMET I 515 B0 1273 729 1243 100 (10 + 20) 4 KEK_3, KEK_23, KEK_4 1 KEK 2 wr & L% w0 120°C 061123 101123
CERN_Tc_1_1, CERN T2 1 HighT for &M {because of DESY_5_1)
->83h T
ref (260, 261)
Hb shest
CERN WETiN 55 E0) o 729 243 90 3 CERN_Tc_5_1, CERN_Tc 6_1 2 101123 141123
DESY 6_1
572k $i & b ref (262, 263)
2% Wb sheet
CERN [AIN (151w} /NBH EE &0 273 1000 0 100 {10 + 50 4 CERN_Tc_3_L, CERN_Te_d_1 3 ‘Annealingin Darm stadt 131123 freitag
= 86h $i & N ref 1264
CERN Mbre 5 &0 0 1000 0 50 4 CERN Tc_7_1, CERN Te 1 1 ‘Annealingin Darmstadt freitag
Si & Nb ref (265)
KEK &M {15 nm) BTN 515 75 273 11,25 (303,75 125 {10 + 115} 5 KEK_G, KEK_19 5 E(lxw&lx wif0 120°C
31 & b ref
KEK (&I {15 nm) NETiN IBH 100 273 1215 405 160 {10 + 150} B5 KEK_7, KEK_18 3 EK 1w & Lx w0 120°C
Si & Wb ref
KEK &I (1S Am) BTN 515 50 273 6075 2025 100 (10 + 60) 3 KEK_2 7
Si & Wb ref
SUM 1565 | SEREE T I EE]
CAMPAIGH 2
For?. thin filrm layers thickness AN cyc BN cre—TiN oy approw. duration (h) days which samples? Friarity comments COATING ANMEALING
= = - = = = = = =
KEK AN (LS Am ) SMET I 515 75 1273 911,25 303,75 12510 +115) S [ & KEK 1w 120°C
KER [ATF (L5} ZNET TN BB 160 73 405 160 (10 + 150} 65 ] KEK Low120°C
KER |AIN (15} NETIN EE = 273 101,25 50 (10 + 40] 2 10
KEK, CERN (AIN (LS nm) ANETIN s(151°2 125 273 151875 (506,25 170010 + 75 + 10+ 75) 7 i)
125 total
KEK AN (LS Am ) SNETIN 515 125 1273 1518,75 506,25 200 (10 + 190} B 12
UH SUM [565 A EEE

ifi
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Outlook

Next weeks Next months

Planuvg
Gewdude 3o, Raun 0%

" Send samples to " Measurements at EP i T
Darmstadt, CERN KEK = T’hwﬁ

" Continue coatings for " Ongoing studies at 4
KEK until CHyN CERN
shutdown " Work on data

" Send first batch of analyses to obtain Hcq

samples to KEK

RECONSTRUCTION

ut’:‘,“;.:iit?;: Hamburg STARTS NEXT WEEK!! .


https://bnn.de/karlsruhe/

Backup

UH
ifi
L2 Universitait Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG

32



Status of PEALD System
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Process Parameter Studies (Rakshith)

* Low T (~100°C) — dusty, dirty surface  Deposition 4

: Condensation Decomposition
rate

* High T (~200°C) — blisters

v Monolayer |- . ______

rates Desorption

»>

1
|
|
1
I
1
I
I
|
I
1
1
1
.
1
1

i
[}
1
1
:
1
Low reaction |
1
1
1
:
[}
1

Temperalure

Process window

350 cycles AIN @ 105°C + 250°C 8h heating Dobrzanski, Leszek & Szindler, Marek & Szindler, Magdal (2015).

Surface morphology and optical properties of AI203 thin films
UH deposited by ALD method. 73. 18-24.
Universitat Hamb
niversita ambur,
DER FORSCHUNG | DER LEHRE | DER BILDUNE 34




Installation of new Flux Probe
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No ratcheting for Nb/NbTiN

600 25

Expelled B Field - Max Sample Temperature -
" Pre-Anneal B Pulse Avg - Bath Temperature S S Sample
————— Pre-Anneal T Pulse Avg
500 w Measured Teon, < T < Tenotin
= .
T -l = No increase of T¢ after 900°C
/o e A 15 b
% LSOOI g anneal
T T g
.}:) L A S B A T oy 8_ 0 g .
g firirrrrers . ~ Tk Similar behaviour as before
o =
(©
Z -
200 T M — e S “_‘_.// anneallng
B R R L R KR R L LI RLRRRRRRY L F s n O g -
ol ' 7777777777777777777777777777777777777777777777777777777777777 / 777777
0 200 400 600 800 1000 1200 ’

Expulsion Pulse ID
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Determination of London penetration depth at PSI

LE-uSR technique I8

* Depth-resolved measurement of
Meissner-Screening profile

Fowlie, J. et al. [DOI:10.1038/s41567-022-01684-y] (2022)
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Determination of London penetration depth at PSI

(2} (nm)
38'0 212 377 548 73.7 95.0 119.3

(a)

Nb; _,TixN = Nb —fit]

(a) ’

Normal state (20 K)

Meissner state
(2.7 K)

(b) ' ' ' ' :

Meissner state
(2.7 K)

— Anp,_,Tin = (185 = 7) nm

0 5 10 15 20 25 30
UH (nm)
L2 Universitait Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG Asaduzzaman, Md et al. [arX|v230409360v1] (2023)
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LE-uSR Measurement

Measured B field within sample

6 B » . . .
= B the, as function of penetration depth
L?__J 250 : . = -Normal State {12K)
: . Aunotin fOr analysis of Heq
200 .
- * 900°C annealed Nb/NbTiN
150 |- +--Meissner state (3K) sample (S-S sample)
“’0; . — Problem: Measurements at
o C . CERN show low Tc of
C I Nb/NbTiN. Affect on A.?
0 5 10 15 20 25
E (keV)
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Determination of H.;

200 '|:' TTT T[T T T T[T T T T[T T T T[T T T T[T T T T[T T T T[T T T T[T TTT
E ol '
— 260 Theorstical curve, 1y = 1
% Theoretical curve, n = 0.9
@ Theoretical curve, =08
> 1 .
e Theoretical curve, n=0.7

150 ‘8’240
= -
L

220 A
1001 i / * \

200 : ,//. [ ] ?
IBSARENENN

@ Adter final tuning of the setup \
O Before final tuning of the setup \

8§ layer thickness dg (nm)

SV

50 L4
\ Y
10 160 _I 11 1 L1 11 11 1 1 11 1 1 11 11 L1 1 1l 111 1 x\l L1 I_
10° 0 50 100 150 200 250 300 350 400 450
T layer thickness dj (nm) NbN thickness [nm]
Kubo, T. Supercond. Sci. Technol. 30 023001 (2017) Ito, H. et al. [arXiv: 1907.03410] (2019)
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Determination of H.;

—150
T 140
;‘% 130
120
110
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7 T T T ‘ T T L} T l T T T T I T T T T l T T T T —
= —— Linear fitting curve
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Ito, H. et al. [arXiv: 1907.03410] (2019)



Determination of H.;

Spectral responss near J_

=7TO C T T T T T
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