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Investigation of MW Characteristics of HTS
Microstrip and Coplanar Resonators With

Ferrite Thin-Film Components
T. Nurgaliev, S. Miteva, Alan P. Jenkins, and D. Dew-Hughes

Abstract—Formulas for calculating of the magnetic-field
dependence of the resonance frequency and the quality factor of
HTS microstrip (MS) and coplanar-waveguide resonators with
a tangentially magnetized ferrite film component were obtained
within the framework of the perturbation method. The conditions
of attaining maximum magnetic tuning effect of the resonance
frequency (with reference to the external magnetic-field strength,
the field-orientation angle, and the ferrite film position in the
resonator) were determined and verified in the example of model
resonators, formed from copper MS and ground-plane electrodes,
a yttrium–iron–garnet (YIG) ferrite film component, and dielec-
tric spacers. A YBCO MS resonator with a YIG component was
also prepared and its characteristics were measured at 77 K.

Index Terms—Ferrite film, High-temperature superconducting
(HTS) microstrip (MS) and coplanar resonators, magnetic tuning,
perturbation method.

I. INTRODUCTION

H IGH-TEMPERATURE superconducting (HTS) thin-film
materials are characterized by extremely low microwave

(MW) losses at temperatures below 77 K and are attractive for ap-
plication in low-loss high-performance circuits and devices [1].
Tunability of HTS devices is important for MW electronics and
can be achieved either by variation of the kinetic inductance of
the HTS material (by changing the temperature [2] or the applied
magnetic-field strength [3]) or by including into the device struc-
tureferroelectricandmagneticmaterials, theparametersofwhich
are controlled by the electric and magnetic fields, respectively
[4]–[6]. Only a narrow tuning range can be achieved by variation
of the kinetic inductance. Ferroelectric materials have high MW
losses, resulting in devices with low quality factors [4]. Mag-
netically tunable yttrium–iron–garnet (YIG) has low MW losses
and plays a traditionally important role in MW electronics [6].
HTS YBCO films can be deposited onto buffered single-crystal
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and polycrystalline YIG substrates [7]. Fukusako and Tsutsumi
[8] investigated the tunability of a YBCO microstrip (MS) res-
onator with a YIG single-crystal component. The resonant fre-
quencywasvaried from5.24 to5.42GHzbyapplicationofamag-
netic field of 20–75 mT with as high as 1000. Oates and Dionne
[9], [10], by applying a field of 0–30 mT, tuned a YBCO MS res-
onator with a polycrystalline YIG component from 7.25 to 7.7
GHz and maintained a value of 2000 at 77 K.

In general, tunable MW devices are formed as layered struc-
tures, which can include superconducting electrodes, a tuning
ferrite layer, and dielectric substrates. The parameters of such
a structure depend on the device geometry, surface resistance,
and kinetic inductance of HTS electrodes, the permittivities and
loss tangents of the dielectric layers and dynamic permeability,
and the MW losses [11], [12] of the ferrite layer. Investigation
of the effect of these factors is important for the interpretation
of experimental data and for choosing optimal geometries for
such tunable MW devices.

Thus, the goal of this paper is an investigation of the magnetic
tuning effect in simple basic HTS MW devices, such as MS and
coplanar-waveguide (CPW) resonators with ferrite components,
using the perturbation method and an experimental verification
of the results using example model resonators with YIG–ferrite
components.

II. BACKGROUND

The relation between the wavenumber and the frequency
of the TEM modes in an MS line waveguide is determined by
the capacitance and inductance of the line per unit length
[13]

(1)

When an MS line is prepared on a layered substrate, the ca-
pacitance can be expressed in terms of the effective dielectric
constant and the effective loss tangent , related to the
individual dielectric constants and loss tangents of the dielectric
layers

(2)

where and is the capacitance of the
MS line of the same geometry when the permittivities of the
dielectric layers are assumed to be equal to that of vacuum. The
total inductance of the MS waveguide per unit length can be
written as a sum of the external inductance of the structure

0018-9480/03$17.00 © 2003 IEEE



34 IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 51, NO. 1, JANUARY 2003

and the complex kinetic inductance of the HTS electrodes
[14]

(3)

(4)

(5)

where and are the effective values of the
surface resistance and reactance for the HTS thin-film strip and
ground-plane electrodes, respectively, related to the character-
istic surface resistance and the penetration depth of the
material [14], [15]; is the thickness of the HTS electrodes,
and are the geometric factors, is the substrate thickness,
and is the strip width. The external magnetic field affects
the surface impedance of HTS material, resulting in an increase
[16], [17]

(6)

where and are the characteristic surface resistance and
London penetration depth for the case when the external field
is absent ; and are the coefficients related to the
dynamic parameters of the magnetic fluxons, which depend on
the field orientation, temperature, and film quality [16].

The wavenumber is determined by the resonator length
( , where are the mode numbers)
and, therefore, the complex resonance frequency of the MS
resonator can be expressed as follows:

(7)

where .
A similar method can be used to calculate the resonance fre-

quency of CPW resonators. The complex capacitance of a
CPW line per unit length, prepared on a layered substrate, can
also be expressed in terms of the effective values of and

as in (2) [18], [19]. The inductance of the CPW includes
the external and kinetic inductances of the electrodes
[20], [21]

(8)

where is the complete elliptic integral of the first kind,
, and denote the widths of the central electrode

and the distance between the ground plane electrodes, respec-
tively, and is permeability of vacuum. The complex reso-
nance frequency of the CPW resonator can be calculated using
a formula similar to (7), as in the case of an MS resonator

(9)

MW properties of the ferrite material are described in terms
of the dynamic permeability tensor . The components of this
tensor in the coordinate system, one of the axes of which coin-
cides with the external field and the magnetization direction,
are expressed as [6], [22]

(10)

where , , ,
, is the Landau–Lifshitz damping parameter,

is the gyromagnetic ratio [2.21 10 m/(A s)], and is the
saturation magnetization .

III. CALCULATION OF THE COMPLEX RESONANCE FREQUENCY

The basic configuration of the structure is shown in Fig. 1. An
HTS strip (2) of a width is situated on the top of the dielectric
substrate (1) and separated by a dielectric spacer (3) from an epi-
taxial ferrite film (4) deposited on a substrate (5). The structure
may contain either an HTS or metal bottom electrode (0), the
MS resonator, or two HTS electrodes (2a), placed at a distance

from each other, the CPW resonator. The length and width
of the structure are considerably greater than the width of

the central strip electrode (2). The thickness of the HTS elec-
trodes (2), ferrite layer (4), bottom electrode (0), and dielectric
layers (1), (3), and (5) are and , respectively.
The relative permittivities and the loss tangents of media (1) and
(3)–(5) are , – , and , – , respectively.
The permeabilities of all media, except the ferrite, are . An
external dc magnetic field is applied parallel to the plane of
the structure and makes an angle with the central strip-line di-
rection. Primary and secondary coordinate systems and

, the and axes of which are oriented parallel to
the strip line and the applied field directions, respectively (see
Fig. 1), are introduced. The and axes of these systems
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Fig. 1. The geometry of the MS and CPW resonator structures: 0—HTS or
metal ground plane (in the case of MS resonator); 1, 3, 5—dielectrics; 2—HTS
strip; (2a)—HTS ground plane (in the case of CPW resonator); 4—ferrite layer.
Electrodes 0 or (2a) are assumed to be absent in the cases of CPW or MS
resonators, respectively.

are assumed to be perpendicular to the plane of the structure,
while the plane of the coordinate system coincides with the
bottom surfaces of electrodes (2), (2a). The components of the
permeability tensor of the ferrite have the simplest form (10) in
the secondary coordinate system.

A MS resonator structure, with electrodes (2a) in Fig. 1 ab-
sent, is first considered. The MS resonator of the same geom-
etry, where the ferrite film is replaced by the dielectric one,
(the permeability and permittivity of which are equal to those
of vacuum and of the ferrite , respectively) can be consid-
ered as an unperturbed resonator structure. The complex reso-
nance frequency and the spatial distribution of the MW cur-
rent for the unperturbed resonator structure is known, and it is
necessary to deal only with the investigation of the permeability
effect of the ferrite film on the HTS MS resonator parameters.
The problem is considered in a quasi-static approach and MW
radiation losses are neglected.

The formula for the perturbation method [22] for calculating
the complex resonance frequency can be represented in the
primary coordinate system as follows:

(11)

where ; ,
and are the components of the

MW magnetic field in the secondary coordinate system; ,
and are the components of the field in the primary coordinate
system; is the energy stored in the resonator. The asterisk
in this expression denotes a conjugate complex quantity. The
components of the MW magnetic field can be expressed in terms
of the MW current amplitude in the resonator

(12)

where ; ; is the function
which describes the dimensionless sheet MW current density
distribution in the short circuited plane of the MS line, which
is related to the current density distribution function in
the same plane

The energy stored in the resonator can be expressed in terms
of the MW current amplitude by the following approximate
formula:

(13)

A substitution of expressions (12), (13) into formula (11) yields

(14)

After some manipulations formula (14) can be transformed to
the following:

(15)

(16)

(17)

; is the ferrimag-
netic resonance frequency of the tangentially magnetized film.
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The quality factor can be calculated from the complex res-
onance frequency using the following formula:

(18)

Secondly an HTS CPW line resonator with a ferrite compo-
nent shown in Fig. 1 with electrode (0) absent is considered. In
this case, the following formula can be determined for the com-
plex resonance frequency of the CPW resonator using the
procedure described above and formulas (9), (11):

(19)

where the parameters and are expressed by formulas
(16), (17) with and given in formula (14) with

(20)

(21)

Here and are the functions which describe the
distribution of the dimensionless MW current amplitude across
the central conductor (2) and ground plane electrodes (2a) (see
Fig. 1), respectively.

It can be noted that the perturbation method leads to correct
results if the variation of the parameters due to the perturbation
is small. This is satisfied when the absolute values of the terms
containing the parameters and in (15) and (19) are con-
siderably smaller than one.

IV. ANALYSIS OF THE RESULTS

A reduced numerical analysis of formulas (15)–(18) was
made for a MS resonator with a strip line width mm,
a dielectric spacer thickness mm, a width and
thickness of the ferrite layer mm and mm
[Fig. 1 without electrodes (2a)]. In this case an unperturbed
resonance frequency of the first mode GHz
[see also formula (7)] and an unperturbed quality factor

(which a priori takes into
account the individual parameters of the dielectric layers
and electrodes m, m , m,

, and of the Cu ground plane) were used as initial
parameters in the computations. An uniform MW current

Fig. 2. Dependence of the resonance frequency f on the position y of the
ferrite film in the MS resonator computed from (15): B = � H = 10 mT
(curves 1, 3, and 5); B = 30 mT (curves 2, 4, and 6); ' = 0 (curves 1 and 2);
' = �=4 (curves 3 and 4): ' = �=2 (curves 5 and 6).

distribution in the plane of the strip was assumed and the
parameters of the ferrite were chosen to be close to those of
YIG material at 77 K: mT, [8], [12].

A complete numerical analysis (allowing the resonator
parameters to be computed directly from the individual param-
eters of the components of the layered structure) was made
for the basic resonance mode of a CPW resonator structure
[Fig. 1 without bottom electrode (0)] consisting of a high
quality YBCO strip and ground plane electrodes (2), (2a)

m, mm, mm, resonator length
mm, m , m,

deposited on an LaAlO substrate (1) ( mm,
and [23]) and separated by a dielectric layer
(3) mm, , from the
YIG ferrite film mm, mm, ,

[24], mT [8], , which
is deposited on gadolinium–gallium–garnet (GGG) substrate
(5) ( mm, , [24]). In the
computations, the MW current in the HTS CPW resonator was
assumed to be distributed uniformly over the cross sections of
four narrow strips with dimensions , placed at the edges
of the central and ground-plane electrodes.

For the both types of resonators, the direction of the shift of
the resonance frequency due to the coupling effect of the ferrite
to the resonator is determined by the sign of the term [see
(15)–(17), (19)]. This term possesses a negative sign when

(22)

and the sign is positive when . As a result, the reso-
nance frequency is shifted to higher values if and to
lower ones if . Fig. 2 shows the dependence of the res-
onance frequency on the position of the ferrite film in the MS
resonator computed from (15) when . Maximum cou-
pling (and a maximum shift of the resonance frequency) occurs
when the field is parallel to the strip direction and
the ferrite film is placed between the ground plane and MS line

mm , close to the latter (Fig. 2, curves 1 and 2).
A ferrite situated close to the top surface of the MS line
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Fig. 3. Dependence of the resonance frequency f (curves 1–9) and the
quality factor Q (curves 10–18) of the MS resonator on the magnetic-field
strength B = � H . The positions of the ferrite film in the resonator are
y = �0:4mm (curves 1–3 and 10–12), y = �0:1mm (curves 4–6 and 13–15),
and y = 0:1 mm (curves 7–9 and 16–18). The values of the field-orientation
angle are ' = 0 (curves 1, 4, 7, 10, 13, and 16), ' = �=4 (curves 2, 5, 8, 11,
14, and 17), ' = �=2 (curves 3, 6, 9, 12, 15, and 18).

can efficiently couple with the resonator (Fig. 3, curves 1 and
2) as well if . Coupling between the MS resonator and
ferrite is rather ineffective (the shift of the resonance frequency
is minimum) when the external field is oriented perpendicu-
larly to the MS line (Fig. 2, curves 5 and 6). The field
dependencies of the resonance frequency and the quality factor
of the MS resonator computed from (15) are shown in Fig. 3.
It can be seen that the magnetic tunability of the resonance fre-
quency is a maximum when if the ferrite is placed close
to the MS between the ground plane and strip (Fig. 3, curve 4).
On the other hand, more MW losses are coupled from the fer-
rite to the resonator in this case and the quality factor of the
resonator decreases significantly (Fig. 3, curve 13). If , a
relatively good magnetic tunability of the resonator can be ob-
tained by placing the ferrite layer close to the top surface of
the resonator (Fig. 3, curve 7). An increase of from 0 to
leads to a gradual decrease of the magnetic tunability of the res-
onator and the tuning effect is very weak at for the
case with the ferrite layer placed near the ground plane (Fig. 3,
curve 3). Here, the MW losses resulting from the ferrite film
are low and the resonator is characterized by the highest quality
factor (Fig. 3, curve 12). It can also be noted that tuning of the
resonance frequency can be achieved by a change of the external
field-orientation angle even if the field is not strong (see, e.g.,
curves 4 and 6 in Fig. 3, calculated for and ,
respectively).

Dependence of the resonance frequency of the CPW res-
onator on the external magnetic-field strength computed from
(19) using the above initial parameters is shown in Fig. 4. It can
be seen that the resonance frequency is shifted toward higher
frequencies if mT, whereas the converse
is true for the case when , as discussed above. In
principle, the magnetic tuning behavior of the CPW resonators
with a ferrite component is similar to that of the MS resonators.
It can be shown that the tuning factor is maximum when the
field is parallel to the central strip direction and the ferrite
film is placed close to the resonator structure. Dependencies

Fig. 4. Dependence of the resonance frequency of the CPW resonator
on the magnetic-field strength B = � H computed from (19) for
the field-orientation angles ' = 0; �=6; �=4; �=3; �=2 (curves 1–5,
respectively). Unperturbed resonance frequencies of the resonator and the
ferrite layer are shown by curves 6 and 7, respectively.

Fig. 5. Dependence of the resonance frequency (curves 1–6) and the quality
factor (curves 7–12) of the CPW resonator on the field-orientation angle '
computed from (19) for the field strengths B = 10; 20; 35; 55; 65; 80 mT
(curves 1–6, respectively, and curves 7–12, respectively).

of the resonance frequency and the quality factor on
the field-orientation angle calculated from (19) are shown in
Fig. 5. The resonance frequency is more sensitive to the field
strength and the field-orientation angle in the ferrimagnetic
resonance region although, in this case, the resonator
is characterized by a lower value of the quality factor (Fig. 5,
curves 3 and 9). It can also be noted that and versus

dependencies for the angle ranges and
are not so pronounced as for the angles

(Fig. 5, curves 1–6).
Formulas (15) and (19) were obtained by taking into account

only the spatially uniform ferrimagnetic resonance. However,
the nonuniform magnetic field of the MW currents may lead
to the excitation of magnetostatic waves (MSWs) in the ferrite
[11], [12] and to an additional decrease of the quality factor of
the resonator. It can also be noted that the characteristics of such
HTS resonators can be destroyed at high levels of MW power as
both the ferrite and HTS materials manifest strongly nonlinear
characteristics in electromagnetic fields of high intensity [6],
[16], [25].
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V. EXPERIMENT AND DISCUSSION

The MS resonator structures of meander type were used for
the experimental study of the magnetic tuning effect because
of their small dimensions, which simplifies the problem of
application of the tuning magnetic field. Structures containing
a 30- m-thick and 0.3-mm-wide copper MS meander line
formed on a standard MW substrate , a 10- m-thick
epitaxial YIG film prepared on a 0.5-mm-thick GGG substrate,
a 0.5-mm-thick LaAlO spacer, and a copper ground plane were
used in experiments performed at room temperature. The planar
dimensions of all components were 5 mm 5 mm. These
components were clamped together to form the layered MS
resonator structures with the ferrite film placed close to the strip
(resonator 1: MW substrate/Cu–MS/YIG/GGG/LaAlO /Cu
ground plane) or to the ground plane (resonator 2: MW
substrate/Cu–MS/LaAlO /GGG/YIG/Cu ground plane). The
magnetic field was applied parallel to the plane of the structure
and was varied over angles and with respect to
the main part (about 70%) of the strip length in meander.

In the next experiment, a 0.24- m-thick and 0.5-mm-wide
YBCO MS meander line, prepared on a 5 mm 5 mm 0.5 mm
LaAlO substrate, was used together with the YIG ferrite com-
ponent described above. The meander was formed using the
photolithography and ion milling procedures from a YBCO film
( K, A/cm at K) deposited by a laser
ablation process. This MS resonator contained the following
layers: YBCO–MS/LaAlO /YIG/GGG/Cu–ground plane (res-
onator 3). Measurements were made at 77 K in a magnetic field,
which was parallel to approximately 60% of the MS line length.

The MS resonator structures were assembled into a cylinder-
shaped measuring fixture with an outer diameter of 18 mm. The
ends of 50- semirigid coaxial lines were used to excite the res-
onator and to receive the transmitted MW signal. The fixture
was placed between the poles of a small electromagnet and the
field direction in the plane of the structure could be changed
by turning of the fixture around its principal axis. The electro-
magnet could be sunk into the liquid nitrogen together with the
fixture for measurement of the parameters of YBCO resonators
at 77 K.

The measured transmission characteristics of resonators 1
and 2 are given in Figs. 6 and 7. Each of the measured re-
sponses, presented in Fig. 6, is characterized as exhibiting two
different peaks. The external field is not strong, , and,
therefore, the peak appearing at low frequencies corresponds
to that of the ferrimagnetic resonance, while the peak of the
MS resonator appears at higher frequencies. A maximum
sensitivity of the resonance frequency to the field strength is
observed for the case when the ferrite film is placed close to the
MS (resonator 1) and when the field is parallel to the main part
of the strip length ( , Fig. 6, curves 1–3). The tunability
of the same resonator is less (Fig. 6. curves 1, 4, and 5) when

, which is in a qualitative accordance with the results
of the calculations. The tunability factor was very small for
resonator 2 with the ferrite film placed close to the ground
plane for both cases of field orientation ,
(Fig. 7). This can be explained by the fact that the MW current
direction is opposite in different sections of the meander and

Fig. 6. Transmission characteristics of the Cu MS resonator 1 with a YIG
component measured at room temperature. Magnetic fieldB = 0mT (curve 1),
55 mT (curves 2 and 4), and 69 mT (curves 3 and 6) is applied parallel to the
plane of the structure. The main part of the MS is parallel (curves 2 and 3) or
perpendicular (curves 4 and 5) to the external field direction.

Fig. 7. Transmission characteristics of the Cu MS resonator 2 with a YIG
component measured at room temperature. Magnetic fieldB = 0mT (curve 1),
55 mT (curve 2), and 69 mT (curve 3) is applied parallel to the plane of the
structure and perpendicular to the main part of the MS.

the magnetic fields of these sections are compensated at some
distance from the strip, causing a decrease of the coupling
efficiency of such a resonator with the ferrite layer placed near
the ground plane. The measured quality factor of these Cu MS
resonators was , which is mainly determined by the
MW losses in the copper electrodes at and was seen
to decrease additionally at due to losses in the ferrite
material.

The resonance frequency and quality factor of the YBCO
MS resonator 3 measured without any external field were
4.68 GHz and 660, respectively (Fig. 8, curve 1). Increasing the
magnetic field to 77 mT leads to an increase of the frequency
to 4.76 GHz and to a decrease of the quality factor to 500
(Fig. 8, curve 2) The tunability of the resonator for such
fields was approximately 8 MHz/mT. The tunability factor
will be higher for cases of thicker ferrite layer and smaller
distances between the MS line and ferrite component (in our
case, these parameters were 10 m and 0.5 mm, respectively).
In the ferrimagnetic resonance region, the quality factor of
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Fig. 8. Transmission characteristics of the YBCO MS resonator 3 of meander
type with a YIG component measured at 77 K. The fieldB = 0; 77; 85; 93mT
(curves 1–4, respectively) is applied parallel to the plane of the structure and
approximately 60% of the strip length is parallel to the field.

the resonator decreases strongly due to the MW losses of the
ferrite film (Fig. 8, curve 3). The quality factor was higher
(approximately 900, Fig. 8, curve 4) for the case when reso-
nance frequency of the ferrite layer is higher than that of the
resonator (or ). However, such values of the
quality factor were significantly smaller when compared with
those measured for the same MS structure without any ferrite
component (YBCO–MS/LaAlO /Cu–ground plane structure;

and GHz in parallel field mT
at K). Additional MW losses could be caused by the
substrate (GGG) of the ferrite film and by the surfaces of the
different layers being in a mechanical contact with each other
in the resonator structure. Such MW losses would be expected
to be less in monolithic versions of the layered structure.

VI. CONCLUSION

In conclusion, the MW characteristics of HTS MS and CPW
resonator structures containing a tangentially magnetized ferrite
layer have been investigated using the perturbation method. The
formulas, relating the resonance frequency and quality factor to
the complex permittivity, permeability, and kinetic inductance
of the layers of the structure have been obtained and analyzed.
It has been shown that a maximum magnetic tuning effect of the
frequency can be expected when the ferrite film is placed close
to the strip and the field is oriented along the resonator .
Tuning of the resonance frequency of MS and CPW resonators
can be performed by changing both the magnetic-field strength
and the field-orientation angle. The conditions of obtaining a
maximum tuning effect have been investigated in the example
of a copper MS resonator, containing a YIG film component.
Qualitative agreement of the experimental results with the cal-
culated ones has been obtained. A version of a YBCO MS res-
onator with a YIG ferrite component has also been investigated
and its transmission characteristics have been measured at 77 K.

ACKNOWLEDGMENT

The authors thank R. A. Chakalov, Institute of Electronics
BAS, Sofia, Bulgaria, for providing the YBCO MS structure.

REFERENCES

[1] A. Hein, “Progress, properties and prospects of passive high-tempera-
ture superconductive microwave devices in Europe,” Superconduct. Sci.
Tecnnol., vol. 10, pp. 867–871, Dec. 1997.

[2] Y. Nagai, D. F. Hebert, T. Van Duzer, and O. Michikami, “Properties
of superconductive bandpass filters with thermal switches,” Appl. Phys.
Lett., vol. 63, no. 6, pp. 830–832, 1993.

[3] A. P. Jenkins, P. Jones, S. M. Morley, D. Dew-Hughes, and D. J.
Edwards, “An HTS microstrip resonator stabilized voltage controlled
oscillator,” in Applied Superconductivity 1995, ser. Inst. Phys. Conf.
148. London, U.K.: IOP Publishing, 1995, vol. 2, pp. 1183–1186.

[4] O. G. Vendik, L. T. Ter-Martirosyan, A. I. Dedyk, S. F. Karmanenko,
and R. A. Chakalov, “High-T superconductivity: New application of
ferroelectrics at microwave frequencies,” Ferroelectrics, vol. 144, pp.
33–43, 1993.

[5] M. Tsutsumi, T. Fukusako, and H. Shimasaki, “Magnetically tunable
superconductor filters using yttrium iron garnet films,” IEEE Trans.
Magn., vol. 31, pp. 3467–3499, Nov. 1995.

[6] Y. M. Yakovlev and S. S. Gendelev, Ferrite Monocrystals in Radioelec-
tronics. Moscow, Russia: Soviet Radio, 1975.

[7] Q. X. Jia, A. T. Findikoglu, P. Arendt, S. R. Foltyn, J. M. Roper, J. R.
Groves, J. Y. Coutter, Y. Q. Li, and G. F. Dionne, “Superconducting
YBa Cu O thin films on polycrystalline ferrite for magnetically
tunable microwave components,” Appl. Phys. Lett., vol. 72, no. 14, pp.
1763–1765, Apr. 1998.

[8] T. Fukusako and M. Tsutsumi, “Superconducting microstrip resonator
with yttrium iron garnet single crystals,” IEEE Trans. Microwave Theory
Tech., vol. 45, pp. 2013–2017, Nov. 1997.

[9] D. E. Oates and G. F. Dionne, “Magnetically tunable superconducting
resonators and filters,” IEEE Trans. Appl. Superconduct., vol. 9, pp.
4170–4175, Feb. 1999.

[10] G. F. Dionne and D. E. Oates, “Tunability of microstrip ferrite resonator
in the partially magnetized state,” IEEE Trans. Magn., vol. 33, pp.
3421–3423, Sept. 1997.

[11] R. W. Damon and J. K. Eshbach, “Magnetostatic modes of a ferromagnet
slab,” J. Phys. Chem. Solids, vol. 19, no. 3/4, pp. 308–320, 1961.

[12] F. R. Morgenthaler, “An overview of electromagnetic and spin angular
momentum mechanical waves in ferrite media,” Proc. IEEE, vol. 76, pp.
138–150, Feb. 1988.

[13] V. V. Nikolski, Electrodynamics and Propagation of
Radiowaves. Moscow, Russia: Nauka, 1973.

[14] C. M. Chorey, K.-S. Kong, K. B. Bhasin, J. D. Warner, and I. Itoh,
“YBCO superconducting ring resonators at millimeter-wave frequen-
cies,” IEEE Trans. Microwave Theory Tech., vol. 39, pp. 1480–1487,
Sept. 1991.

[15] P. Hartemann, “Proprietes en hyperfrequence des supraconducteurs,”
Rev. Tech., vol. 23, pp. 331–390, June 1991.

[16] J. R. Powel, A. Porch, R. G. Humphreys, F. Wellhofer, M. J. Lancaster,
and C. E. Gough, “Field temperature and frequency dependence of the
surface impedance of YBa Cu O thin films,” Phys. Rev. B., Condens.
Matter, vol. 57, no. 9, pp. 5474–5484, Mar. 1998.

[17] T. Nurgaliev, R. A. Chakalov, R. Kojuharov, Z. Ivanov, and A. Spasov,
“Microwave characteristics of YBCO microstrip resonators on LaAl O
substrate,” in ISEC’97, Extended Abstracts, H. Koch and S. Knappe,
Eds., Berlin, Germany, June 25–28, 1997, pp. 284–286.

[18] E. Chen and S. Y. Chou, “Characteristics of coplanar transmission lines
on multilayer substrates: Modeling and experiments,” IEEE Trans. Mi-
crowave Theory Tech., vol. 45, pp. 936–945, June 1997.

[19] C. M. Jackson, T. Pham, Z. Zhang, A. Lee, and C. Pettiete-Hall, “Model
for a novel CPW phase shifter,” in IEEE MTT-S Int. Microwave Symp.
Dig., 1995, TH3F-G3, pp. 1439–1442.

[20] W. Rauch and E. Gornik, “Microwave properties of YBa Cu O thin
films studied with coplanar transmission line resonators,” J. Appl. Phys.,
vol. 73, no. 4, pp. 1866–1872, Feb. 1993.

[21] J. Berntgen, E. Waffenschmidt, J. Musolf, X. He, M. Heuken, K. Heime,
S. Hofschen, and I. Wolff, “Determination of the microwave properties
of narrow superconducting coplanar YBaCuO waveguides,” in Applied
Superconductivity 1995, ser. Inst. Phys. Conf. 148. London, U.K.: IOP
Publishing, 1995, vol. 2, pp. 1175–1178.

[22] A. G. Gurevich, Magnetic Resonance in Ferrites and Antiferromag-
netics. Moscow, Russia: Nauka, 1973.

[23] C. Zuccaro, M. Winter, S. Penn, N. McNalford, P. Filhol, G. Forterre,
and N. Klein, “Microwave properties of dielectrics for HTS devices,” in
Applied Superconductivity 1997, ser. Inst. Phys. Conf. 158. London,
U.K.: IOP Publishing Ltd., 1997, pp. 69–72.

[24] P. Mukhopadhyay, “High-T films on GGG substrates,” Superconduct.
Sci. Technol., vol. 7, pp. 298–299, 1994.

[25] D. E. Oates, A. C. Anderson, D. M. Sheen, and S. M. Ali, “Stripline res-
onator measurements of Z versus H in YBa Cu O thin films,”
IEEE Trans. Microwave Theory Tech., vol. 39, pp. 1522–1529, Sept.
1991.



40 IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 51, NO. 1, JANUARY 2003

T. Nurgaliev received the High Education Diploma and Ph.D. degree in physics
from the Leningrad State University (now St. Petersburg State University), St.
Petersburg, Russia, in 1975 and 1985, respectively, and the Habilitation degree
from the Institute of Electronics BAS, Sofia, Bulgaria, in 1996.

In 1982, he joined the Bashkir State University, Ufa, Russia, as an Engi-
neer–Physicist, where his research interests were the investigation of the mag-
netic resonance in paramagnetic and ferromagnetic materials. In 1988, he joined
the Superconductivity and Cryoelectronics Group, Institute of Electronics BAS.
From 1988 to 1996, he was a Research Fellow and since 1996, he has been a
Senior Researcher (Associate Professor) with the same institute. His current re-
search interests are in the field of investigation of the low-frequency and MW
properties of HTS materials and the applications of these materials in MW elec-
tronics.

S. Miteva received the High Education Diploma from the Leningrad State Uni-
versity (now St. Petersburg State University), St. Petersburg, Russia in 1975,
and Ph.D. degree in physics from the Leningrad Electrical Engineering Insti-
tute (now St. Petersburg Electrotechnical University), St. Petersburg, Russia, in
1981.

In 1975, she joined the Institute of Electronics BAS, Sofia, Bulgaria, as a
Physicist. From 1978 to 1981, she was engaged in post-graduate study with
the St. Petersburg Electrotechnical University. In 1990, she became a Research
Fellow (second degree) and, since 1993, she has been a Research Fellow (first
degree) with the Institute of Electronics BAS, Sofia, Bulgaria. Her current ac-
tivity is in the area of investigation of the magnetic and MW characteristics of
HTS bulk and thin-film materials.

Alan P. Jenkins was born in Southampton, U.K., in 1967. He received the Bach-
elors and Masters degree from Bradford University, Bradford, U.K., in 1989 and
1990, respectively, and the Ph.D. degree in MW applications of high-tempera-
ture superconductors with Oxford University, Oxford, U.K., in 1995.

From 1990 to 1991, he was a Monolithic Microwave Integrated Circuit
(MMIC) Designer with the then GEC Marconi Caswell Research Center,
where he designed GaAs HBT circuits. In 1991, he joined Oxford University.
From 1994 to 2000, he was first a Junior Research Fellow and then a Senior
Researcher with the Communications Group, Oxford University, where he
investigated many aspects of thallium-based superconductors for commercial
MW applications, propagation studies, and imaging techniques for third-gen-
eration (3G) cellular applications. During this time, he was also Director
of S-comm, a successful technical consulting company. In March 2001, he
joined Corporate Research and Development, M/A-com Inc., Boston, MA,
where he has been active in the design of SiGe analog and digital circuits at
millimeter-wave frequencies for large-volume applications. He has authored or
coauthored over 40 technical papers. He holds three patents on various topics
in MW and millimeter-wave engineering.

D. Dew-Hughes, photograph and biography not available at time of publication.


	MTT025
	Return to Contents


