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Abstract

In the dielectric resonator method, which has been widely used for measuring the microwave surface resistance of
superconductors, accuracies in the geometrical factors (G-factors) affect the uncertainty in the measured surface resistance.
We compare the G-factors of short-ended sapphire resonator as obtained by using field analysis with those by using computer
simulations: The former is obtained by using the analytic expressions for the electric and the magnetic field components
inside the resonator, and the latter by using computer software. The G-factors as obtained by using the latter appear to be
closer to those obtained by using the former as the resonator space is divided into larger number of sub-space, i.e., a tighter
mesh, with a difference of ~8 % observed for a mesh of 14400 sub-spaces reduced to ~2 % for 114996 sub-spaces. Variations
in the relative uncertainty in the surface resistance of typical YBa,Cu;07_s superconductor films with those in the G-factors
are studied, which provides an upper limit of the relative uncertainty in the G-factors required for realizing the target
uncertainty in the surface resistance. These results could be useful in estimating the optimum number of meshes for obtaining

the G-factors through computer simulations.

Keywords : Microwave surface resistance, dielectric resonator, geometrical factor, superconductor film, uncertainty

L. Introduction Z2AEAY FAATR)Y A} HFzlo

W 2A=AS 72 =44 R A5 xR
*Corresponding author. Fax : +82 2 2201 2759 }\19] %‘g‘}‘é OE:ILQ]' :‘7‘:}%3]‘04 7]'7(01‘ Q3 =
e-mail : sylee@konkuk.ac.kr A Bolgl & 4+ vt nexEAe A

-97-



98 Woo 1l Yang et al.

o] % o] & Rsot Aol o
HA=d 21 Ay %
d-wave H1HAdS AYal
A2 LLof| A9 E?iﬂffm GHZA wz—“w”r
oA g 1/50 o]ate] %k% A i lofA
vlolA 23k Az} Al Zel 38 7hsAdo]l Ak
AR o] ezl vp Qi) [2-4].

ol A=A Htee] xHAFdS SAT)
= HLH—] ozZ= o%gi umqo] OL?/%X% 1‘:—Eﬂ’ -
T A FA] e EAEA wete] &
AAge] WA Z4e ses s
5 3 71 99 A a Qe el [5-8)
FAA FANHAA A=A Huke TR
o 9wy} opPAS FAFA Hed], o FF
719] unloaded Q (Qu)¢t T T3 (f)= 22t
S0 AEL o] &3] ZAHEXR ] ‘i}“ﬂ“’ wo
ivao]'(RS)i’]- —’-Uqﬁ]O“Ei/\(XS)E st Ab
fHT 8] R ZAEA u}qg ReOF Xg=
247k FUAI I 2(Z) o] AFH-e s RA,
XSlE‘ iﬂ' Xs=w,u(y1./] J’]'Z”E X]‘/]Tq—

1 Ry (SO) | Reys(SC) Ry, (OFHC)
QU”’ GTD‘ GBa GsWa

tand,, (1)

1 9,(T) 1 Nor | 1 oy

(T) T 2G, oT 2G, oT
fo( ) al (2)
I 6T+Zg' Jar

4 A 0 BRA9
RSea,T(SC)QJ- RSea,B(SC)L 271-21]— %ﬁEE‘g] $T
T HHE W ZAZ=A b} ofi™
ZHEA dalke] -rré_g_ &} RSa(OFHC)%
T n/-EHAEH(RY), tan S, = FAA L] loss
tangents o V|3 Gy, GBa, Gswo= 217+ 331
719l W ofgiw, gl A
geometrical factor(Z&$ ‘G-factor’z} ), k, =
Aol 2] filling factors o v] et} LI 2
)N Xseo ¥ Xseus= 719 o0 BE F3¢
el S48 AW zAwA s ohaw
2ARA e fEARAEZ, o §
Aol FH&e AT, I ﬂ?ﬂ]«] z} "_rLHO
el Zolm ojujehs T ewelt
A (M3 @2 oSt fEHH :rLOHX]t A

o] A% Rs = Rs, Xs = XSO]E]' ﬂf’—i Zse = G X
Zs= RdE =, 7A GE HaF #E A

= correction factor®| t}.

AT O 585 R Xool AHET}
'LZ] 719] G-factor®} filling factor®] 7 &Xof uw}
g A A A 2E BRoFed, Fx17)e
G-factor®} filling factor= 3-%17] W2 AA}7]
A ByEE Aoz TIHI T o] ZHE
G-factor®} filling factor®] #= AA st W2
74*”3 A]Eﬂﬂ V‘ﬂ Jilu% o] &3}

I
I

o
>
Y
N
>
ofo [
%
o rlr

II. Theoretical background

1. Distributions of the electric and magnetic fields
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Fig. 1. A diagram for cross-sectional view of a dielectric
resonator. The shaded region in the middle of the resonator
represents a dielectric rod. Here Rg.1(SC) and Rg.p(SC)
denote the Rg . of the upper and the lower superconductor
film, respectively, Rssw(OFHC) is the Rs of the OFHC
side wall, Pc 1, Pcp, and Pcgw are the power losses at the
top, the bottom and the sidewall, respectively, and W and
W,, the time average of the stored electromagnetic energy
inside regions 1 and 2, respectively [9]. The arrows show
the radial and the axial directions in the cylindrical
coordinates.
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2. Determination of the G-factors by using field
analysis
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3. Determination of the G-factors by using
computer simulation software
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Table 1. Gr(sim), G{(EM), Gsw(sim), Gsw(EM) values for sapphire resonators A - D. Different number of meshes are used
for obtaining Gr(sim) and Gsw(sim) values. The dimensions used for the resonators are also listed.

Resonator Grfrom Grfrom field Gy from Gy from field
Resonator (¢ x h) mm? Number of computer analysis for computer | analysis for EM
number Sapphire rod mesh simulation EM waves simulation waves
(p x h) mm’ Q) Q) Q) Q)
75264 1082.69 67853.8
A 155XX 55 242064 1071.966 1055.48 68029.5 68122
568700 1067.489 68065.9
9408 361.34 1222.34
B Ix4.18 352.098 1215.86
7x4.18 67600 356.482 1216.46
12288 296.149 9315.6
C 12x4.18 287.303 9472.05
7x4.18 96100 291.662 9433.2
14440 285.6 1.815x 10°
D 20x4.18 2729 — 1.98x 10°
7x4.18 114996 278.684 1.936 x 10
E - field H - field R
. _ .
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Fig. 3. AGt (= G(sim) — G{(EM)) and AGsy (= Gsw(sim)
— Gsw(EM)) (see Table 1) as functions of the number of
mesh used for computer simulations.

Fig. 2. Distributions of the EM-waves for the TEOmn
modes of dielectric resonators. Here ‘H-field” denotes
distributions of the magnetic field components in the p-z
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