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Where we left at SRF 2015

First Nb/Cu coating by
energetic condensation
showed

* astrongly mitigated Q-slope

o (still) low trapped flux

sensitivity

 strong dependence on the

cool down dynamics
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with a Q-Slope

comparable to bulk
niobium at 4 K

A bulk-like Nb/Cu film...
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. CE/RW
Thermal Boundary Resistance Model \

» Small defects at the Nb-Cu interface lead
to microscopic quenches which cause
the Nb\Cu Q-slope.

* Q(Eac) curve can be converted into a
distribution function of thermal contact

resistances.
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Integration yields
detached surface area:

1= / F (B jou) AR o
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. CE/RW
Thermal Boundary Resistance Model s

 Small defects at the Nb-Cu interface lead

to microscopic quenches which cause
the Nb\Cu Q-slope.

* Q(Eqcc) curve can be converted into a
distribution function of thermal contact
resistances.
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Difficult to test experimentally
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CERN

Examples of Detached Surfaces D,

o R ——

Courtesy B. Barbora
Courtesy P. Jacob

Courtesy R.Valizadeh
Courtesy R.Valizadeh
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Thermal Contact Resistance of the ECR1 ?E/RW

N/

» Compare TBR analysis for RF measurements on the ECR coating
at different temperatures and frequency combinations.

400 MHz

800 MHz

Detached surface area:

I = /f (RNb/cu) dRNb/cu
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Thermal Contact Resistance of the ECR1 \

» Compare TBR analysis for RF measurements on the ECR coating
at different temperatures and frequency combinations.

107 F

400 MHz . o

400 MHz, 2.5 K
400 MHz, 40K
800MHz, 25K |
800 MHz, 40K

> H e 0

800 MHz

Detached surface area:

I = /f (RNb/Cu) dRNb/Cu 107 g 10 10° 10° = 10°

R in cm?K/W

[=(3.4 £0.7) 105 « (103 - 10%) J T Fraction of detached film
-3
400 MHz 25K 3.3X 10_5
40K 3.1x10
ECR Nb/Cu -5
200 MH 25K 1.6 x 10
“ 40K 5.7% 107

Thin Film Workshop 2016 sarah.aull@cern.ch


mailto:sarah.aull@cern.ch?subject=
https://www.jlab.org/conferences/tfsrf2016/program.html

C

Thermal Contact Resistance of the ECR1 1

» Compare TBR analysis for RF measurements on the ECR coating
at different temperatures and frequency combinations.

400 MHz, 25K
400 MHz, 40K
800 MHz, 25K |3
800 MHz, 4.0 K

>
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400 MHz |

800 MHz

Detached surface area:

I — /f (RNb/Cu) dRNb/Cu 10_12102 163 16‘ 10° = 10°

Ryye. In cmzK/ '

’ — (3.4 + 0.7) 10-5 « (1 0-3 - 10-4) fres T  Fraction of detached film
400 MEz 2.5K 3.3%x 107
ECR Nb/Cu 40K 3.1 % 10—2
25K 1.6 % 10~
Same result for all B00MHz s

CUrves supports
validity of TBR model

Thin Film Workshop 2016 sarah.aull@cern.ch


mailto:sarah.aull@cern.ch?subject=
https://www.jlab.org/conferences/tfsrf2016/program.html

Testing the Thermal Contact Resistance Model ?E/RW

N/

e Compare TBR analysis for RF measurements on bulk Nb reference
at different temperatures and frequency combinations.

400 MHz, 2.5K
400 MHz, 4.0K
800 MHz, 25K |4
800 MHz, 4.0K

> B <o 0

400 MHz : ol

800 MHz

Detached surface area:

I = /f (RNb/cu) dRNb/cu

10* 10° 10°
Ry, in cm?K/W

Jres T I
25K 3.1x10°
40MHz e 11x10°5
25K -8.1x10°°
40K 59x10°°

bulk Nb
800 MHz
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Testing the Thermal Contact Resistance Model ?E/RW

e Compare TBR analysis for RF measurements on bulk Nb reference
at different temperatures and frequency combinations.

400 MHz, 2.5K
400 MHz, 4.0K
800 MHz, 25K |4
800 MHz, 4.0K

> N <o 0

400 MHz : ol

800 MHz

Detached surface area:

I = /f (RNb/cu) dRNb/cu

10°

Ryc. in cm’K/W

Jres T 1 ;
. 25K 3.1x10-
No meanlngful Uk NG 40MHz e 11x10°5

25K -8.1x10°°

800MHz ) k' 59x10°¢

result for bulk Nb
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TBR Analysis for HIE-Isolde B)

Compare Q(E) at 2.5 K

and 4.5 K:

HIE-Isolde cavities
shown also same
distribution function
for for different
temperatures

Thin Film Workshop 2016
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TBR Analysis for HIE-Isolde B)
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Cool Down Dynamics: Thin Film Workshop 2014

Comparison between QPR, 1.3 GHz and HIE Isolde y

VM

Quadrupole Lower R, for

Resonator: fast cooling

ECR with T
gradient

1.3 GHz: Lower R for

HIPIMS fast cooling
withsmall T
gradient

HIE Isolde:  Lower Rq for
Diode small T
sputtering  gradients
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Simulation of Cool Down Dynamics ?E/RW

* Heat transfer simulation with COMSOL to study cool down
dynamics in the Quadrupole Resonator geometry.

» Temperature dependent material properties for Nb, Cu and
stainless steel.
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Simulation of Cool Down Dynamics ?E/RW

» Heat transfer simulation with COMSOL to study cool down
dynamics in the Quadrupole Resonator geometry.

» Temperature dependent material properties for Nb, Cu and
stainless steel.
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the slower the cool down, the bigger the

temperature gradient across the surface
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Influence of Cool Down

« The low field surface resistance increases for slow cooling,
resp. large(r) temperature gradients

» The higher the low field resistance, the stronger the Q-slope.

« The influence of an ambient field is negligible.

400 MHz,2K

Low Field Resistance R, in nQ2
8
1
) g

10 ®  zero field cooled
4 slow field cooled
M+ fast field cooled

0 50 100 150 200 250 300 350 400
Cooling Rate in mK/s

30 20 10 0
Temperature Difference Across the Sample in mK
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Low Field Resistance R, in nQ2
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Influence of Cool Down (iER/W

N/, S
« The low field surface resistance increases for slow cooling,
resp. large(r) temperature gradients
» The higher the low field resistance, the stronger the Q-slope.
« Theinfluence of an ambient field is negligible.
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Flux Trapping or Flux Expulsion? E@

A solenoid under the sample
allows trapped flux studies.
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Flux Trapping or Flux Expulsion?

A solenoid under the sample
allows trapped flux studies.

Thin Film Workshop 2016
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All ambient field is trapped
up to a threshold field above

which field can be expelled
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o CERN
Flux Trapping \/)/
« Below the threshold field, all field is trapped independently of

cool down dynamics.

» The dependence on cool down dynamics is significantly
stronger than losses due to trapped flux.
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Flux Trapping C\E\/@/

« Below the threshold field, all field is trapped independently of
cool down dynamics.

» The dependence on cool down dynamics is significantly

stronger than losses due to trapped flux.
400 MHz,2K
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Flux Trapping C\E\/R_NDI

» The dependence on cool down dynamics is significantly
stronger than losses due to trapped flux.

» ECR coating still shows low trapped flux sensitivity

400 MHz,2K
E . . . o, ° Secr (400 MHz) = (0.022 £ 0.001) n2/pT

Skcr (800 MHz) = (0.075 + 0.009) n€) /T
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Flux Trapping %@

» The dependence on cool down dynamics is significantly
stronger than losses due to trapped flux.

» ECR coating still shows low trapped flux sensitivity

400 MHz,2K
[ 0 o ¢ e ! | SECR (400 MHZ) = (0.022 - 0001) IlQ/pT

. Secr (800 MHz) = (0.075 £ 0.009) n€2/nT

w
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What causes the strong surface
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resistance dependence on cool
down dynamics?
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ECR2 )

Measure Rg (400 MHz, 10 mT, T') for three different thermal
cycles.

A A
Fit with RS (T) — ?CS exXp (k—T> + Rres
B

Find unchanged superconducting gap —> re-run fit with
common A
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Effect of Thermal Cycling C\@

» BCS factor strongly increases ,
with residual resistance 12000 | e

9 3—4 % 10000 |
¢ ABCS ~ Wl A (T7 g) "% 9000 | .

* Hint towards strong magnetic
fields? Due to thermal currents? sl

30 35 40 45 50 55 60
Residual Resistance in n{2
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o CERN
Conclusion \/)/

* Analysis of various RF data in combination with FIB-SEM supports
that adhesion plays the key role in curing the Q-slope in Nb/Cu.

 Consistent picture for Nb/Cu: Temperature gradients when
crossing T increase low field surface resistance.

* Magnetic flux expulsion only above threshold field.

* No correlation (so far) between cool down rate/temperature
gradient and amount of flux expulsion.

» Effect of temperature gradient significantly stronger than
trapped flux.

* Thermal cycling appears to change the effective penetration
depth.
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