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e SIS structural characterization
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Nb,Sn — film growth background
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NbsSn thin films can be difficult.
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Nb,Sn — film growth background

Nb MAGNETRON

There are numerous methods for growing Nb;Sn films
* Snvapor diffusion STEPMOTOR
* Single-target sputtering
* E-beam co-evaporation
* Multilayer deposition + annealing -
* The important thing is to be able to tune the Sn content. HOLDER
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Growing Nb,Sn — Controlling Sn
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Fig. 2. A portion of the Nb-Sn phase diagram. The 18 20 22 24 26 28 30
phase fields are labeled in large type and PERCENT Sn
bounded by solid lines, The diagram is

Fig. 1. A portion of the phase diagram for Nb-Sn showing the A15
phase field and adjacent regions. Italicized comments refer to the
properties of films prepared in those regions, and the location of the
dotted lines separating the regions are approximate. Samples
discussed in this paper are marked at their deposition temperature and
composition.

further divieded into regions which are
labeled in italics with a description of the
main characteristic of thin films which are
prepared there.
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Nb,Sn Growth Setup
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Nb,Sn Films - Stoichiometry
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Nb,Sn Films - Stoichiometry

Sn flux adjustment series
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Roughness is also affected.
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Multilayers — Al,O,

Requirements:
1. Don’t degrade Nb;Sn with Al,O;
2. Don’t destroy Al,O; layer with upper Nb;Sn film growths
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Multilayers — Al,O,

Requirements:
1. Don’t degrade Nb,;Sn with Al,O;
2. Don’t destroy Al,O; layer with upper Nb;Sn film growths
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TEM Composition Mapping

Nb Kal

Al,O, present, but incomplete 0 ke

Electron Image 3
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Multilayers — SIS

Electron Image 10 Nb K(ll Sn LC(].

Regions of Sn deficiency
Pure Nb grains

* Oxide layer
* Nbgrains
e Discontinuous Al,O,

How do these affect RF properties?
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Measuring RF Properties

Option 2: Grow 2” wafers  30% of dissipation
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RF Wafer Measurements

Low RF power
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RF Wafer Measurements
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Q, has a ceiling with the current growth method
* Oxide layer?

* Disorder in Nb;Sn?

* Nb precipitates?
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Summary

High-T growth method

Jy}) Thin films, composition control
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Summary — Next Questions
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Questions?
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-,|--"?-':“'XIDE Laboratory University of Wisconsin-Madison @W)




Nb,.Sn Films - Structure
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THz spectroscopy

EO sampling (a.u.)
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STM and THz measurements
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High-Field Measurements
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Growing Nb,Sn

7
2500 [T T T . “0_"""""""""
“'Nb;“. Liquid 18
Liquid . I b
2130 % 30°C — 16 =
2000 4 < -
— 14 +
%’ L
‘_é' 12 | T ) lincar
(o) Nb_Sn + Liquid S
& 1500 s ] £ 10} .
@ Nb,Sn 9_.—’. L P s
3 a- Nb and = 8 I # p .
g Nb,Sn g 6 I 7/ 1
a Nb,Sn, + Liquid = = T.(p ) Boltzmann function -
£ 1000p 930:8°C  / o | ¢ ‘
& L4 850+ 7°C 4+ J
O Devantay 1981 1
/Nbssns NbSn, 21 © Devantay 1981 (after Fliikiger 1981) -
L NbSn_ + Liquid i )
500 rNb's“ +Nb55n, ? 0 PR U N (NTUN N TN NN N S
Nb,Sn, + Nbsn, A 17 18 19 ZQ 21 22 23 24 25 26
Nbs. > Atomic Sn content [ % |
I'I) +5n
OLAAI‘I.AA ) - S iew ad s s s b 4 P BT BT ey
0 10 20 30 40 50 60 70 80 90 100
Atomic % Sn 1E-03 — T . 1E-8
= !
1E-04 S :
\l\i —®— Sn vapor pressure
1E-05 ¢ S 4 1E-9
o ! \\- @
Below 930 °C: Nb.Sns, NbSn, are stable 1E-06 TR E
T i " g
élE-O7 E i “u 4 1E-10 g
. . & ! AN S
Single-phase Nb;Sn region: 17-25% 1E08 [ i - 2
1 AN w
1E-09 | i : " 4 1E-11
1 \\
Above 930 °C: Nb,Sn + Sn(L) 10} -\
1
1E-11 R ! i = 1E-12
1200 1000 800 600
T (C)

. . . . . N
University of Wisconsin-Madison s)

D XIDE Laboratory




