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Abstract A new type of HTc superconducting film comb-
shape resonator for radio frequency superconducting quan-
tum interference devices (RF SQUID) has been designed.
This new type of superconducting film comb-shape resona-
tor is formed by a foursquare microstrip line without a flux
concentrator. The range of the center frequency of this type
of resonator varies from 800 MHz to 1 300 MHz by chang-
ing the length of the teeth. In this paper, we report on simu-
lating the relationship of the value of the center frequency
and the length of the teeth, and testing the noise of HTc RF
SQUID coupling this comb-shape resonator.
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1 Introduction

The desired resonator for use with a radio frequency super-
conducting quantum interference device (RF SQUID)
should have high unloaded and loaded quality factor (Q, and
Or). The frequency of the resonator should match the fre-
quency of the electric circuit outside. Zhang et al. have de-

Translated from Chinese Journal of Low Temperature Physics, 2005,
27(3) (in Chinese)

MAO Hai-yan, WANG Fu-ren (><), MENG Shu-chao, MAO Bo,

LI Zhuang-zhi, NIE Rui-juan, LIU Xin-yuan, Dai Yuan-dong

State Key Laboratory for Artificial Microstructures and Mesoscopic
Physics, Department of Physics Peking University,

Beijing 100871, China

E-mail: frwang@pku.edu.cn

Received April 5, 2006

signed some coplanar resonators and substrate resonators.
The size and the structure of these resonators can be ad-
justed conveniently in order to achieve different frequencies
[1—3]. At the same time, the resonators with a flux concen-
trator at the same substrate [1, 2] and the resonators without
a flux concentrator [4, 7] have been fabricated. Xie et al.
have also designed an HTc superconducting film
comb-shape resonator shown in Fig. 1 [5]. In fact, it is an
LC resonance circuit. The foursquare microstrip comes into
being inductance (L) and the crossed tooth inlaying the mi-
crostrip product capacitance (C). The resonant frequency ( fy)
can change in a large range easily if the length (/) of the
teeth changes. The HT¢ superconducting film surrounded by
the microstrip (see Fig. 1) is a flux concentrator of RF
SQUID. The unloaded quality factor of the resonator de-
signed by Xie et al. can achieve several thousands when f;
is 300 MHz and 800 MHz. The best white flux noise they
obtained was below 2X 107 @,/ Hz"* when the resonator
served as a tank circuit for sidestep junction RF SQUID,
here @ is the flux quantum. We have developed HTc RF
SQUID , where f; is 1 300 MHz.

Serving as a tank circuit for this 1 300 MHz HTc RF
SQUID, the resonator is the superconducting film coplanar
resonator. However, superconducting film comb-shape
resonator can also be used for the 1 300 MHz HTc RF
SQUID. In order to increase the fy to 1 300 MHz, we de-
creased the length of the teeth of the superconducting film
comb-shape resonator. Unfortunately, our experiments have
proved that the resonant frequency (fy) increases to 1.04
GHz when the length (/) of the teeth drops to 300 um. The f,
changes only a little even while the length drops to zero (in-
creases to 1.05 GHz) [6]. The reason, we think, is that there
is considerable distributed capacitance between the super-
conducting microstrip serving as LC circuit and the super-
conducting film as a flux concentrator surrounded by the
microstrip. While the length of the teeth becomes shorter
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and reaches a certain value, the value of the capacitance resonator formed by one foursquare superconducting film

produced by the crossed tooth is smaller than one of the microstrip with crossed comb-shape tooth and without con-

distributed capacitance. Therefore, decreasing the length of centrator surrounded by the microstrip (see Fig. 2). This

the teeth has no effect on the increase of the f;. structure can eliminate the distributed capacitance between
We have developed a superconducting film comb-shape the microstrip and the concentrator.
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Fig. 1 The structure of the superconducting film resonator with a flux concentrator the black is YBa,Cu30; thin film.
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Fig. 2 the structure of a new type of HTc superconducting film comb-shape resonator (without a flux concentrator) the black is YBa,Cu;0;
thin film.



The designation of the parameter of capacitance and
inductance becomes easier. A comb-shape resonator showed
unloaded quality O, was 1 200 (at fo= 873 MHz) and loaded
quality Q 1 was 160.

2 The structure of the comb-shape resonator and
simulation

The superconducting comb-shape resonator, formed by one
foursquare microstrip with comb-shape crossed tooth inlay-
ing one of four sides (see Fig. 2), was patterned from a 200-
nm-thick c-axis oriented epitaxial YBa,Cu;0; (YBCO) film
grow on 0.9-mm-thick (001) LaAlO; (LAO) substrate. The
width of the tooth was 80 um, the width of the gap between
the teeth was 20 um, and the number of the teeth was 3.
These values were all constant. We only changed the length
of the teeth (/) to adjust the capacitance of the resonator, in
order to change the resonant frequency of these resonator.
The length of the teeth (/), we chose, was 50 um, 200 pm,
340 pm, 420 um, 600 pm, 700 um, 800 pm, 1 000 um,
1 200 um, 1 400 pm. Correspondingly, the f, dropped from
1.34 GHz to 796 MHz. We measured the f; of these resona-
tors with different length of teeth by HP8590L. Table 1
shows dependence of the resonant frequency (average value)
on the length of teeth, respectively.

Table 1 The different lengths / of teeth and the corresponding resonant
frequency fo.

I/um 50 200 340 420 600 700 800 1000 1200 1400

fo/MHz 13440 1235.1 1113.5 1077.3 1017.9 1001.2 9583 867.1 825.0 791.6

The simulation of the dependence of the f; on the length
of teeth has been made. The inductance of these resonators
changed a little and the capacitance changed largely if we
adjusted the length of the teeth only. These changes of the
inductance can be ignored. The capacitance of these resona-
tors can be obtained from the formula:

C =Cy[w + (2N =1)] (1)

Here, w is the width of one side of the foursquare microstrip
with crossed tooth, NV is the number of the teeth (N = 3), / is
the length of the teeth, and C, is unit capacitance (the gap
between tooth is 20 um). We obtain expression of the f;
from formula:

fy=1/2m/LC Q)

Here, C is the capacitance of the resonators, which can be
derived from Eq. (1). L is industance of the resonators,
which remains constant. The dependence of 1g f; on 1g C is
linear. The slope parameter (k) is —1/2. The value simulation
of this slope parameter (k), was k=0.42. Figure 3 shows the
value of the experiment and the stimulant line. The simula-
tion agrees well with the results of the experiment at low
frequencies. The results at high frequencies was not as good
as that of low frequencies. Advanced research on these phe-
nomena can be made.
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Fig. 3 The relationship of lg f; and lg[w,+(2N—1) /], the black square
shows the results of the experiment. The line is a simulative result. The
slope of the line is —0.42.

3 The results of experiment

A resonator (fo=873 Hz, Qy=1 200) was used to serve as a
tank circuit for RF SQUID. The superconducting film con-
centrator with a dimension of 15X 15 mm® should contact
with the HTc RF SQUID [4,7] in order for the resonator to
couple well with the small area (3 X3 mm?) HT¢ RF SQUID.
The RF SQUID washer obtains a larger effective area. The
resonator, HTc RF SQUID washer and the superconducting
concentrator were placed as shown Fig. 4. The resonant fre-
quency of the RF SQUID magnetometer (Fig. 4) was 900
MHz and the loaded quality factor (Qp) was 160. We also
obtained the triangle wave of the RF SQUID magnetometer
(see Fig. 5). The white flux noise spectra of the RF SQUID
magnetometer has been tested using HP 35665 dynamic
signal analyzer (shown in Fig. 6). The white flux noise
(S4"?) was about 3 X 107 @, /Hz"* .
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Fig. 4 The structure of a 900 Hz RF SQUID, the black parts are

VWWW

YBa,Cu;0;, films.

Fig. 5 The triangle wave signal produced by a HTc RF SQUID coupled
with a unloaded superconducting film comb-shape resonator, the resonant
frequency is 873 Hz.
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Fig. 6 The noise spectrum of a 900 MHz HTc RF SQUID, the white noise
is about 3 X 107 @,/ Hz"?.

because the inductance also changes while the length of the
teeth becomes shorter resulting in a drop of the resonant
frequency.

4 Conclusions

This new type of superconducting film comb-shape resona-
tors eliminate the distributed capacitance between the su-
perconducting microstrip and concentrator surrounded by
the microstrip. We can design the parameter of the capaci-
tance and inductance of the resonator easily. The depend-
ence of lg f; on lg C is well within the theory at low fre-
quencies (Fig. 3), but not at high frequencies. This maybe

References

1.

Zhang Y., Zander W., Schubert J., Riiders F., Soltner H., Banzet M.,
Wolters N., Zeng X.H., and Braginski A.L., Appl. Phys. Lett., 1997,
71 (5): 704

Yi H. R,, Zhang Y., and Braginski A.l., APPL. Phys. Lett., 1998,
73 (16): 2357

Zhang Y., Schbert J., Wolters N., Banzet M., Zander W., and
Krause H.J., Physica C, 2002, 282: 372—376

Liu X. Y., Xie F. X., Meng S. H., Dai Y. D., Li Z. Z., Ma P., Yang
T., Nie R. J., and Wang F. R., Chinese Physics, 2004,13 (1): 100

Xie F. X., Yang T., Ma P, Nie R. J., Liu L. Y., Wang S. G., Wang S.
Z., and Dai Y. D., Proceedings of the 5th Academic Conference of
National Superconducting film and Superconductive Electronic
Apparatus, 2000: 227

Mao B., Master’s thesis of Condensed Matter Physics of Peking
University

Meng S. H., Deng N., Nie R. J., Xie F. X., Ma P, Liu L. Y., Wang S.
Z., and Dai Y. D., Chinese journal of Low Temperature Physics,
2002,24 (3): 179




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
    /CHS ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


