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* Valente-Feliciano, A.-M. Supercond Science and Technology (2016)
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. Niobium is expensive
. Increase in energy efficiency
. Higher accelerating fields

How ?

. Replace bulk Nb with Cu, Al, etc.

substrates

. Better thermal conducting

substrate

. Shield with higher H. material



MULTILAYERED CAVITIES / A. GOBEYN TECHNISCHE
UNIVERSITAT

DARMSTADT

REDUCTION TO SIBC

Section 2
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ANALYTICAL SOLUTION

do 61 ) 33 0y ON-1 o0
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Solve Maxwell's equations in every layer k € {0,...,N — 1}:

k) _ [ Cak g\
B (Czk+1> . (e_j"kz = G- th
C glouz «
H& _ Y% 2% ) - _%* e .
y Wik Czk+1 _eJuz I Ck Vi

where o« € C depends on material type:

Insulator : a? = pew?

Normal Conductor : o = pew? — juow

Superconductor (two-fluid) : o = pew? — juow — %
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Surface impedance boundary condition

nxE=2Z(nx (nxH))
yields surface impedance
E)EO)((S()) _wuo CO . U(é())

Z(w) = HO) (50) ~ oo Co-v(do)

= We need the coefficient vector C,
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do 11 53 33 0y On_1 o0

2N Unknows = 1 vacuum constraint + 2(N — 1) interface constraints + 1 infinity constraint
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Mathematically the constraints are:
= Vacuum constraint:
H,” (80) = Ho
= Interface constraints:

EC) (Gcyn) = ECTV (0k4)
Hy (Gk1) = Hy ™ (Gcs)
* Infinity constraint:

lim H'"V(z) =0

Z— 00
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Implied relations between coefficients:

= Vacuum constraint:

= Interface constraints:

Ck - Uk (0k41) = Crg1 - Ukq1(Sk41)

k Ok
Cr - Vi(Ok+1) = WCk41 - Vi1 (Ok41), W = e Thee

- Mk+1 Gk
0
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Recursion relations via linear combination of interface constraints:

N1 .
Cy- <0> =3¢ Ttk ey - (Tyeltiey 1 (k1)) » [y = diag(l + vk, 1 — %)

0\ 1. ) o
Cy - (1) = 5e’ K1 Gy - (T Uk (Okg1)) ] = diag(1 — e, 1+ %)

yields characteristic matrix equation for each layer:

@ Jokdk+1 [I‘kuk_i_l((sk-i-l)};
@/%Ok+1 [I‘[uk+1(5k+1)}

1
Cv = kk+1Cki1s  Thkt1 = 3 (

and consequently a single transfer matrix:

N—2
Co=TCn_: := [H Tk,k+11 Cn—1
k=0

TEMF|ETIT| A. Gobeyn
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Now notice:

_ _ 0\ _n(Tor
Co=TCyn_1 =CT (1) =C (Tu)

So we find the surface impedance:

_wpo Tor + Tu
ag Tor —Tna

Z(w) =

» Transfer matrix depends on all material parameters
= Z(w) is determined by transfer matrix, which we can compute
» Z(w) is a non-linear complex-valued function of w
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EXAMPLE e

Bulk Nb with generic insulator layer and NbTiN sputtering at f = 1.3 GHz*

Z(w) = 21.462x 1079 Q4+1.225x 1073 Q2

* Keckert S., PhD Dissertation, Universitét Siegen (2020)
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EIGENVALUE PROBLEM

Section 3
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WEAK FORMULATION I

Weak formulation from Maxwell’'s equation with surface impedance boundary leads to the
following weak formulation:

%/ﬂdv [(qu)~(va)}+;Zfz) BQdS [(nxu)~(n><v)]+72/9dv u-v]=0

where u is the trial function and v is the test function, and

2rnf 1
K=—"—, T=

c ="/

The resulting non-linear complex eigenvalue problem is then of the form:

A
AX + ——Bx = \°M
X Z0) X = \*Mx
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NONLINEAR PROBLEM

We solve the non-linear problem using a fixed point iteration

Solve generalized problem

I ] ]
1 _ 32
I / (A—i— (/\(*) )x—AMx
I ! ]
i R A~ :
Initialize 1 . Evaluate :

A0 T ,

I

(T PP S .
: \_ Obtain A+
I ;
I

|+ A ()]

- <e&
AU ~ [ Solution
- A

closest to A
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OUTLOOK & CONCLUSION

Section 4
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OUTLOOK

= Replace thickness of sputtering layer with
B Substrate stochastic process, i.e. Z(w) — Z(r,w)

Insulator

Sjpiiisiti » Model stochastic process with
Karhunen-Loeve expansion informed by
experimental data.

= Use polynomial chaos expansion to
efficiently compute statistics of the quality
factor, e.g. mean and standard deviation.
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CONCLUSION T

= Multilayered cavities can be modelled via SIBC
= Analytical solution can support many multilayer variations

= Resulting eigenvalue problem is non-linear and complex-valued, but can be handled with
fixed-point iteration
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Questions?
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