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Your measurement of frequency shiif, from the frequency at the lowest powey;, dives the
“effective change in surface reactanc&Xg = ap, [AA, whereA=A,+A\ is the depth of penetration of

magnetic field into the superconductor’s surfageis not the London penetration depth, but the Londo
effect is included in it. Other effects, in padi@r Josephson penetration at grain boundariedrilcote

to A as well. A changes during the microwave measurements, whigbes the “electromagnetic volume”
of the resonator to change. This results in teguUency shift that you measures=2rt is the angular
frequency of the microwaves. Just ugenvhen relating surface reactance to penetratiorthdedhe
percent difference betweepndnd frequency at high field is negligible.

Because the film’s thicknesd, is similar to that oA, some of the RF energy penetrates through
the film, and the substrate participates in themasor volume. Also, the energy that penetrateditim
either comes back into the sapphire, or is loghe substrate. Thus, the measured surface resgstan
Rs.efr, IS affected by the thinness of the film. Tworeations need to be applied tg. ROne accounts for
reduced dissipation when there is less film mateaaailable. The other,&s accounts for the energy
that is lost in the substrate.

The corrections were given by Kléin
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& is the permittivity of the substrate relative ke tcavity. Z=377Q/ /& =122Q is the impedance

r,sapphire
of the sapphire. So lanthanum aluminate §a83.6. Our sapphire was found using thepEnode to
have&=9.6. So in the calculation & ans you will use 23.6/9.6=2.5 for the relative dieléctronstant.
Although these equations appear to have been dmatlor the case of an air filled cavity resonalater
writings by the same group apply them to sapptigkedtric resonatofs

In order to figure out the corrected values, mésessary to know. This cannot be known
directly. We will use an iterative process comblimégth a value foi at zero power taken from the
literature. We use a value fdrat zero current and temperatufer Tl,Ba,CaCuyOs thin films from the
same manufacturer (DuPont) at 77KAgf=200 nm. The subscript “ab” accounts for the antgry of the
superconducting material. It is the penetratiortllépr the case that the film is c-axis oriented #me
shielding current is in the ab-plane. This is thsecin our dielectric resonator measurements. gubm
empirical form for the temperature dependérice
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now understood to represent the d-wave dirty fintitis provides at, for example, T30.916 a value of
Aap=500 nm. We also need to recognize that therenseserror in this value of(T=0). Annealing the
superconductors reduces the carrier density, winiiease3 (T=0), and we are not going to account for
that just yet.

The iterative calculations

The measuredXs et gives a penetration depth chanf@;=AXs e WU, Which is wrong, since
AXs eff IS not the correct change in surface reactaneaeftheless calculat®\; and add it to the original
penetration depth to have+AA;, which again is wrong. But now recompute the atefreactance
change using this new penetration depftXs=AXsefAnh[d/Q,+AN1)].  Then compute a new
penetration depth changA)l,=AXsJwl, and add it to the original penetration depth to thpe new
penetration deptt\=Ay+ AA,. This really isn’t the penetration depth becanfsthe guess in the zero field
value A, but it will be used to estimate the true surfeegsistance fairly accurately. Compute the final
surface reactance changes=AXs efAnh[d/Q.+AA)] and once again findAsz from it. You could do
more iterations, but by this point additional cddtions ofAXs will not change the value by more than
1%. In all calculationspis equal to #f,.

Next you need to compute the corrected surfadstaeee. This is more straightforward since
iteration is not necessary. Use the valueMgtAA; for A in the above equations fokRThe thickness of
the film, I believe, is 400 nm. It might be asgaras 650 nm people tell me, but | have RBS eviel ¢mat
suggests 400 nm is right. So we will use d=400 nm.

Example

Suppose you calcula®Xs =5 mQ and R=1 mQ from your round robin at;£5.556x18 Hz . Then

using A,2=500 nm and d=400 nm, add the following five col@mao the spreadsheet to correct for the
surface reactance:

AN AXs=DXsetanh[d/Qo+AN;)] AN =AXsd (W)  AXs=AXsetanh[d/Qo+AN,)] A3
115 nm 2.86 @ 65 nm 3.05 19 70 nm

To correct for the surface resistance, add theviellg three columns to your spreadsheet:
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2
R, = it R = (250 i) a o *OA) g
d d/(A, +AA,) o d
N ran)” d S5, + 0,
o] 3 SinhZ 0 3
A, +AA
0.350 M2 0.014 0.364 n®2

Check these values by hand and make sure thatetahem before adding them to your spreadsheet.
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