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EZIELD OF THE INVENTION

This invention relates to microwave resonators

formed of high temperature superconductor and dielectric

materials as well as to electronic circuits that employ
those microwave resonators.

BACKGROUND OF THE. INVENTION

Microwave resonatofs are known for use in time and
frequency standards, frequency stable elements, as well
as building blocks for passive devices such as filters
and the like. The performance of the microwave
resonator is gauged by its Q~value, expressed as

Q=2r fo *(Storage energy/Loss .power), (1)

where f£g5 is the resonant frequency of the microwave
resonator. (See Hayt, J. R., "Engineering |
1981, p. 472).
(1), the Q-value of the microwave resonator can be
increased by reducing the loss power associated with

Electromagnetics™, As shown in Equation

factors such as conductor loss, dielectric loss, and.
radiation loss. ' )
Low temperature (Tc), such as 4 K, superconducting

microwave resonators which employ a superconducting
cavity made of Nb are known to have Q-values from about
106 to 10%. (See V. B. Braginskii, et al: "The
Properties of Superconducting Resonators on Sapphire®,
IEEE Trans. on Magn. Vol. 17, No. 1, P355, 1981, as a
reference.} Although low T Nb microwave resonators
have high Q-values, they must'operate at very low

temperatures (below 9 K). These microwéve resonators

require use of curved cavity walls. Curved cavity wells
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This invention relates to m crowave resonators formed of high
t enper at ure superconductor. and dielectric materials'as well as to

Chver O PR, [ el oy those m crovave fesonat Oppr Al sess
use-in time and frequency standards, frequency stable el enents, as well
as buil di ng bl ocks dﬁ)lina}nasi'a\‘zs dhychesawelch g Mt e68 for eatumplilee 717i Ke.
i BELLET TR O ARV LA Bk OO BRSO |
high Q-value microwave resonators formed merely from a
dielectric without an associated conducting medium also
S have high Q-values (see D. G. Blair, et al: "High Q
Microwave Properties of a Sapphire Ring Resonator",
J. Phys. D: Appl. Phys., 15, P1651, 1982.) However, the
problems associated with the far reaching evanescent
fields make them very bulky and vulnerable to
10 microphonic effect, which limits the applications.

The need therefore exists for microwave resonator
made of high T, , such as 77 K, superconductor that have
Q-values comparable to low T, superconducting microwave
resonators made of Nb. )

13 BRIEF DESCRIPTION OF THE DRAWINGS
' Figures 1(a) and 1{(b) show a vertical cross section
of superconducting microwave resonator and a holding
device for that resonator.

Figure 2 is a schematic block diagram of a

20 frequencY'stable elemenf for oscillators that employs
the microwave resonator of the invention.

Figures 3(a) and'3(b) show configurations of
filters using superconducting microwave resonators
according to the invention.

25 Figure 4 shows the Q-values of a superconducting
; nicrowave resonator of the invention that employ
¥YBayCu30 superconductor and sapphire dielectric.

Figure 5 shows the Q-values of a supefconducting
microwave resonator of the invention that employs

30 TlBaCaCuO superconductor and sapphire dielectric.

Figure 6 shows the relationship of Q-value of the
resonator to the size of the dielectric.

Figure 7 shows cross sectional views of an
alternative embodiment of a device for holding the

35 microwave resonators of the invention.
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where f{err] is the resonant frequency of the m crowave 20 resonator.
(See Hayt, J. R, "Engineering El ectromagnetics", 1981, p. 472). As
shown in Equation (1), the Qvalue of the mcrowave resonator can be

i ncreased by reduci ng the | oss power associated with fact as
conduct orWPI3D5H el ectrig,loss, and 25 radiation |oss. P%%"%gsz'&%ggv

tenperature (T[err]), such as 4 K, superconducti ng ni cr onwave
resonat ors which enplqg a SURerd onductln

caV|t o] are known
to have Q val ues from aboike °f5[ er‘r'fgfiocﬁlo [ %EEEQ_S{} I’Esl\lpBr agi nski i,
et al: "The 30 Pfopeher eamheidigeptr ebneludevime Reso aﬂé#ggoﬁhsapmﬁ%"e

| EEE Trans. on Mag@son@or of tihe idve@bén. 1981, as a ref erence.)

Al though [ow Tc No W‘°£Q¥%&§ i@ﬁgtorgertical cross section of a

5 further alternative embodiment of a holding device for
the microwave resonators of the invention.

F;gure 10 shows a vertical cross section of a
further embodiment of a holding device for the microwave
resonators of the invention.

10 Figures 11(a)-11(d) show top views of alternative
embodiments for coupling the microwave resonators of the
invention to an electronic circuit.

Figure 12 shows a top view of a coupling mechanism
that utilizes dual couplings for coupling the microwave

- 15 resonators of the invention to an electronic circuit.

Figure 13 shows a top view of a coupling of the
microwave resonator of the invention to an electronic
circuit integrated onto the back side of the substrate.

Fxgure 14 ‘shows a vertical cross section of an

20 alternative embodiment of the microwave resonators of
the invention. _ _

SUMMARY OF THE INVENTION

‘The invention is directed to high temperature

superconductor-dielectric microwave resonators, to

25 holding devices for those resonators, coupling of those
resonators to electronic circuits, and to their methods
of manufacture. The superconducting microwave resonator
of thelihuehtion employ a superconducting film on
substrates positioned on a dielectric. The holding

30 devices include a variety of configurations, such as, a
spring loaded device. The microwave resonators can be
readily. coupled to electronic circuits. The
superconducting microwave resonators have Q _values that
‘are as high as low temperature nicrowave resonators

35 formed of Nb, but operate at much higher temperature.
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have hi gh Q val ues, they nust operate at very |ow t enperatures (bel ow

g K). These microwave resonators 35 require use of curlVed cavity walls
Curved cav

[ ﬁgl! 2
. . S
material s v*{%s 53% a high T[err] of for exarple 77 K, h% /\I/Jesrg?mg?se
difficult to produce. On the other hand,
In accordance with the invention, a high

temperature superconducting microwave resonator
comprising a dielectric and a plurality of substrates
bearing a coating of high temperature superconducting
5 material is provided. The substrates are positioned
relative to the dielectric to enable the coating to
contact said dielectric.
The invention also includes devices for retain;né
the configuration of the superconductiﬁg microwave
10 resonator of the invention. These devices comprise
means to retain the relative positions of the substrate
and the dielectric during use of the microwave resonator
“ in an electrical circuit. These devices further
cdmprise'means for coupling of the microwave resonator
15 to electrical circuits.

. The invention is further directed to a method for
coupling the superconducting microwave resonator of the
invention to an electric circuit by employing means
positioned on the substrate for transferring

20 electromagnetic'energy between the'dielectric of the
superconducting microwave resonator and an electrical
circuit via openings on the superconducting films and
coupling lines. |

The invention is still further directed to passive

25 devices such as filters that are formed of a plurality
of dielectrics positioned between a plurality of
substrates bearing a coating of high temperature
superconducting material, or wherein the dielectrics and

. substrates are in alternating positions relative to each
30 other. '
DETAILED DESCRIPTION OF THE INVENTION
Having briefly summarized the invention, the
invention will now be described in detail by reference
. to the following specification and non-limiting
35 examples. Unless otherwise specified, all percentages
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hi gh Q val ue microwave resonators formed nerely froma dielectric
W t hout an associ ated conducting nediumalso 5 have high Qvalues (see D
G Blair, et al: "Hgh Q M crowave Properties of "a Sapphire Ring

Resonat oyg 9370957 Phys. Do Appl. Phys., 15, P1651, 1982.) pomRisoss0963%¢
probl ens associated with the far reaching evanescent fields make them

very bul ky and vul nerable to 10 mcrophonic effect, which limts the

appl i cati ons. are by Wieidqeedridanaf emperathses odrdri i @uditeesesonat or
made of high T[erk% vi§UCh as 77 'K, superconductor that have Q val ues
conparable to | ow ferr] super conducti ng m crowave resonat ors nade of
Nb. 15 BRF £gu DESUR P sO§ upe rRQRdpRAYPSIGRL crowave  resiogates 1( a)

and 1(b) show a vgpli §ahoLd 08§ deflldedFor that resonator. As shown in
5 Pigures 1(a) and 1(b), a superconducting microwave
' resonator 100 with cavity 90 is provided in the form of
substrates 20 bearing superconducting film 10
positioned on dielectric 30. Substrate 20 is a single
crystal that has a lattice matched to supgrconductor
10 film 10. Preferably, substrates 20 are formed of
LaAlO3, NdGaO3, MgO and the like. '
Generally, superconductor £ilm 10 may be formed:
from any hiéh Te superconducting material that has a
surface resistance (R;) that is at least ten times less:
15 <than that of copper at anylspecific operating
temperature. T, can be determined by the "eddy current
.methqd" using a LakeShore Superconductor Screening
System, Model No. 7500. Surface resistance of _
superconducting £ilm 10 can be measured by the method
20 described in Wilker et al., "5-GHz High-Temperadture-
Superconductor Resonators with High Q and Low Power
Depeﬁdence up to 90 K", IEEE, Trans. on Microwave Theory
and Techniques, Vol. 39, No.'9, September 1991,
pp. 1462-1467. Generally, superconductor film 10 is
25 formed from materials such as YBaCuO (123), TlBaCaCuO
(2212 or 2223), TlPbSrCaCu0 (1212 or 1223), or the like.
Superconducting £ilm 10 can be deposited onto
substrate 20 by methods known in the art. See, for
example, Holstein et al., -"Preparation and
30 Characterization of TlsBazCaCu0g Films on 100 LaAlOs™,
IEEE, Trans. Magn., Vol. 27, pp. 1568-1572, 1991 and
Laubacher et al., "Processing and Yield of YBazCu3zOq-4x
Thin Films gnd Devices Produced with a BaF; Process"™,
IEEE, Trans. Magn., Vol. 27, pp. 1418-1421, 1991.
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of . super conducti ng m crowave resonator and a hol di ng device for that

resonat or. Figure 2 is a schematic block diagrantof a 20
frequency stable el enment for oscillators that enpl oys the m_crowav
resonat or of MOhB/P978nt i on. Fi gures 3¢a) and 3(b) shBW’US”’o%“
configurations of filters using superconductlng m crowave resonators

according to the i nV%%'e?QlléS the th lg.H,Trse‘s 4, 5w, 4es 9 Eﬁ' YRe f’{née of

super conduct i ng MO WAV’ 1 SaBnat t he |nvent|on t hat errp
YBa2Cu30 super conduct®r &ﬁd139pﬁh¢¥%ﬂmﬂﬂﬂ%§ﬂ?#?éy -5 to 0.8 miGRAD 5" shows

the Q values of a supercomidebivAge resom@tdIOVENE i'sc Foraledr be pbBetisvemg i on
that enploys 30 Tl BaGaHQ,edReHE0PELELRl A% SRS nd' 81 8R! 1bC0n
5 dielectric 30. Substrates 20 can be placed on the
surface of dielectric 30, or, alterhatively; low loss
adhesive materials may'bé employed. Polymethyl
methacrylate optionally may be deposiﬁed onto the
. surface of superconducting £film 10 to more firmly bond

10 dielectric 30, as_weil as to protect superconducting
film 10. S .

Dielectric 30 may be provided in a variety of
shapes. Preferably, dielectric 30 is in the form of
circular cylinders or polygons. Dielectric 30 may be

15 formed of any dielectric material with a dielectric
constant €>1. Such dielectric materials include, for
example, sapphire, fused quartz, and the like.
Generally, these dielectric materials have a loss factor
(tan 8) of from 1076 to 1079 at cryogenic temperatures.

20 The €r and tan 8 of the- dielectric material can be
measured by methods known in the art. See, for example,
Sucher e;'ql., "Handbook of Microwave Measurements",
Polytechnic Press, Third Edition, 1963, Vol. III,
Chapter 9, pp. 496-546.

25 The configuration of the microwave resonator 100,
when in use, is maintained by holding device 25. The
holding device can be any embodiment that maintains the
relative positions of the components of the resonator
during thermal cycling associated with use of the

30 resonator. Figure l(a)'sbows a first embodiment of a

holding device that employs spring loading. As shown in
Figure 1l(a), the configuration of microwave resonator
100 is maintained by holding device 25. Holding device
25 includes sidewalls 45, bottom plate 50, top lid 60,
35 bressure plate 70, and load springs 80. Load springs
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Fi gure 6:shows the rel ationship of Qvalue of the resonator to the

size of the dielectric. Figure 7 shows cross sectional views of.
alternative enbodi nrent of a device for holding the 35 m crowave
resonat ors &fo g}&g,’gvent i on. ; PCT/US92/09635
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25
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35

80 are sufficiently strong to retain the configuration
of the microwave resonator during thermal cycling. Load
springs 80 preferably are formed of nonmagnetic material
in order to prevent disturbing the radio fregquency )
fields in the resonator to achieve the highest possible
Q-values. Load springs 80 preferably are formed of Be-
Cu alloys.

Parts 45, 50, 60 and 70 of holding device 25 are

made of thermally and electrically conductive materials

in order to reduce radio frequency loss as well as to
enable efficient cooling of resonator 100. Parts 45,
50, 60 and 70 therefore may be formed of, for éxample,
oxygen fired copper, alumihum, silver, preferably oxygen
fired copper or aluminum.

The high T. superconductor-dielectric microwave
resonators of the invention are capable of attaining
extremely high Q-values, due in part, to the ability of
substrate 20 bearing £ilm 10 to pre#ent axial radio
frequency fields from extending beyond the London
penetration depth of the superconducting £ilm-10. This
is accomplished where substrates 20 are substantially
greater than the diameﬁer of dielectric 30 so that radio
frequency fields are confined within the cavity region
between substrates 20.

The high Q-value superconducting microwave
resonators provided by the invention have a variety of
potential applications. Typically, these resonators may
be employed in applications such as filters,
oscillators, as well as radio frequency energy storage
devices. '

The microwave resonators of the invention also may
be employed as frequency stable elements to reduce the
phase noise for oscillators. - As shown in Figure 2,

_circdit 51 employs a microwave resonator 100 of the

invention that is inserted inpo a closed feedback loop
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3 . Figure 8 shows a vertical cross section of a further
enbodi nent of a device for holding the mcrowave respnat or of the

i nventi on. Figure 9 shows a vertical cross section of a 5 further
al t er nat i veVorfi3éMistent of a hol di ng device forg the m cr oG USR8 or s

of the invention. Figure 10 shows a vertical cross section of a

further enbodi nent of a holdi devi ce far e_nm v onat ors of
the invention. 10 OE' PEF ﬁ?%glyl'l(aa%-oflpg)itsghgﬁ}f{ogyev\% g“'v% oﬁgf?eﬁe&t ive
embodi nents for couprPéact hef ke @ahre afessnadfier kS tand the dpsentiem to

an el ectronic circulbss of resonator 100 is greater than one, and where
' the total phase of the closed loop, as adjusted by phase
5 shifter 17, is a multiple of 2r, then, due to the
extremely high Q~values of the supercohﬁucting microwave
resonators of the invention, the oscillator can be made
to oscillate at the microwave resonator's resonant
frequency to yield lower phase noise in the oscillator.
10 The superconducting microwave resonators of the
invention also may be employed to provide highly stable
frequencies suitable for secondary standards for
frequency'or time. Since the microwave resonator has an
extremely high Q-value and operates at a constant
15 cryogenic temperature, the microwave resonator has a
very stable résonate frequency that makes the resonator
useful for serving as a secondary standard.
The superconducting microwave resonators of the
~ invention further may be employed as building blocks in
20 passive devices sﬁch-as-filtgxs; Examples of such
filters are shown in Figures 3(a) and 3(b). As
illustrated in Figure 3(a), filter 110 is shown in the
form of a series of dielectrics 30 sandwiched between
substrates 20 bearing superconducting films 10.
25 Coupling between dielectrics 30 is achieved by the
evanescent fields of dielectrics 30. Coupling of filter
10 to electronic circuits (not shown) can be achieved by
coaxial cable 18 bearing coupling loop 21.
Figure 3(b) shows an alternative embodiment of a
30 filter. As shown in Figﬁre 3(b), filter 120 employs a
series of dielectrics 30. Coupling between dielectrics
30 is achieved by the evanescent fields of dielectrics
30 via openings (nét shown) on substrates 20. Coupling
of filter 120 to an electronic circuit {(not shown) can
35 Dbe achieved by couplings 13. Couplings 13 can be
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Fi.gure -12 shows a top view of a coupling nmechani sm that utilizes dual
couplings for coupling the mcrowave 15 resonators of: the invention to an
el ectronic circuit. Figure 13 shows a top view of a coupling of

t he m wioympgsTsesonat or of the invention o an el ectroni PCT/US2V09685 t

I ntegrated onto the back side of the substrate. Figure 14 shows a
vertical cross section of an 20 alternative enbodi nent of the m crowave
resonators of {aeaxigdehingsy, waveguides, or other tsapsmidsign fHpes.

| NVENTI ON ~ Inlleatheyesiigie ieniidieened be highrésnpeintoy @ (b),
Those resonator s COEpPLY BrEReE of YR s8EReebRadenilf (A e Ty s,
and to their met hogkesonators reduces the in-band insertion loss of the
5 filter so as to make the skirt of the frequency response
curve of the filter steeper.
' An additional application of the superconducting,
microwave resonators of the invention is to measure the

surface impedance (2s) of superconductor materials and
10 the complex dielectric constant € = &' - j&;'' of

dielectric materials, where 235 and €; have been
determined by measurement of £o and Q at two differing
modes in accordance with methods known in the art.
Generally, high'Q-values for the superconducting
15 microwave resonators of the invention may be obtained by
selecting the proper electromagnetic modes to prevent
flow of radio frequency current across the edges of
superconducting f£ilms 10, These proper modes are TEgin
- modes where the radial mode index has a value of
20 i=i,2,3,... and the axial mode index has a value of

n=1,2,3,... All TEyjn, modes have only circular radio
frequency currents that do not cross the edge of films
10.

Having selected the specific electromagnetic mode

25 of the microwave resonator; the Q@ and the resonant
frequency fg for the microwave resonator can be
calculated by solving Maxwell's Equations £6r the
boundary conditions of the resonator, as is known in the
art. . . )

30 The loss power associated with parasitic coupling
to low Q-value modes such as non-TEgin modes or case
modes may be minimized in the microwave resonators of
the invention by assuring that substrates 20 are flat
and parallel to within a tolerance of less than 1°.

35 Loss power also may be minimized by ensuring that the
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of manufacture. The superconducting m crowave resonator of the
I nvention enploy a superconducting filmon substrates positioned on a
dielectric. The holding. 30 devices include a variety of configurations,
such as, a spring | oaded device. The mcrowave resonators can be
readily coupl eWQ /9595t ronic circuits. The f/per conduct i nPER/AISIWANE3S
resonators have Q val ues that are as high as | ow tenperature

i crovave resonators 35 1o 1,0t olsobt SRYANS:Lullol iliflive, wnen
employed as dielectric 30, is perpendicular to substrate
20 to within % 5° preferably 1°.
As also is shown in Figqure 1(a), microwave
5 resonator 100 can be coupled to an electric circuit
(not shown) by coaxial cable 18 that includes coupling
loop 21 protruding into cavity 90 of microwave
resonator 100. The orientation of coupling loop 21 and
the depth of insertion of coaxial cable 18 into cavity
10 90 readily can be adjusted to ensure coupling to the
electronic circuit.
In a preferred aspect of the invention,
superconducting film is formed by epitaxially depositing
0.5 micron superconducting films of Tl;BaCajCu0 or
15 ¥YBazCu30 on 2 inch diameter substrates of LaAlO3
positioned on cylindrical dielectrics of sapphire. The
superconducting film is deposited so that the C-axis of
the film is perpendicular to the surface of the
.substrate. The dielectrics of sapphire typically
20 measure 0,625 inch diameter by 0.276 inch tall, 0.625
inch diameter by 0.552 inch tall, or 1.00 inch diamete:
by 0.472 inch tall. The substrates and dielectric are
retained in position by a holding device formed of
oxygen free copper. Coupling of the microwave resonator
25 to an electrical circuit can be achieved by inserting
two 0.087 inch diameter copper or stainless steel, 50
‘ohm coaxial cables with coupling loops made of extended
inner conductor into the cavity of the resonator. The
surface of the coupling loops is perpendicular to the
30 vertical axis of the sapphire dielectric to enable
selective coupling to the TEg11 (i=1l, n=1) hode of the
dielectric.
The Q values of the above described microwave
resonators, when employing YBapCuj30 == the '
35 supercondurting a:.a.m, a«¢ Shown in Figure 4. as showr
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4. ‘ In accordance with the invention, a high tenperature

superconducting m crowave resonator conprising a dielectric and a
plurality of substrates bearing a coating of high 't enperature
supercond%H%%% rraterial is provided. The substrates arep@rusv2OR635
relative tot

Ielectric to enable the coatllng to contact said
dielectric. The invention also includes devices for retaining

the configuration giu fb&ué&ﬂ@r@%li%isngfﬂbcﬁmm 1Q . 5" aSQDBbH; afd t he
i nvention. These deyvices_co | se
0.25 millio are found at temperatures of 4.2 X, 20 X
and 50 X, respectively. The Q values of the above
described microwave resonators, when employing
5 TlsBazCajCu20 as the supeiconducting film, are shown in
Figure 5. As shown in Figure 5, Q values of 6 million,
3 million, and 1.3 million are found at temperatures of
20 X, 50 K, and 77 K, respectively.
The dependence of Q values of the above described

10 microwave resonators that employ Tlz2BazCajCu20 as the
superconductihg film on the size of the sapphire
dielectric is shown in Figure 6. As shown in Figure 6,
the Q.values increase from 3 million to 6 million with
increasing size of the sapphire dielectric.

15 Device 25 shown in Figure 1l(a) that employs spring
loading is only illustrative. Other means for-holding
microwave resonator 100 are shown below.

Figures 7(a) and 7(b) show an alternative
* embodiment for holding the microwave'reSQnators of the

20 invention. As shown in Figure 7, the microwave
resonator is held by holding device 27. Device 27 is
indentical to device 25 except that, as shown in Figure
7(a), spring loaded holding device 27 employs three
dielectric rods 35 positioned 120° relative to each

25 other to further support dielectric 30. Dielectric rods
35 are inserted through side walls 47 of holding device
27 into cavity 95. Dielectric rods 35 have a low loss
and a dielectric constant less than that of dielectric
30. The tips of rods 35 ‘are pointed to minimize contact

30 area with dielectric 30 to minimize loss power.

A further embodiment of a device for holding the
microwave resonators of the invention is shown in Figure
8. As set forth in Figure 8, the microwave resonator is
retained in position by holding device 28. Holding

35 device 28 is identical to holding device 25 except for
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nmeans to retain the relative positions of the substrate and the

dielectric during use of the m crowave resonator I n an el ectrical
circuit. These devices further conpri se means for coupllng of the
m crovave RG§94 515 to electrical circuits. The 4 @w

'3
further directe 0 a nethod for coupl i nd2t he superconductlng %*a ve

resonat or of the invention to an electric circuit by enploying neans

posi tioned on the subétarcmﬂit:ﬁalt (88Sber Fetgindr El SCtALEHIAL LE POSELY 8,
bet ween the diel ectfic of

an el ectri cal C|$?ﬁﬁ Rf 20 b&ﬁfgggrgﬁgg%§g§ﬁ§%$tcro %gﬁéffgyﬁéogngnd_
coupling Iines. positionpge onnbettomnpilatet 5P Pieleetrit rdtisd to
passive prositioned on substrate 20. Retainer 77 is .positioned
5 about dielectric 30. Retainer 77 contacts sidewalls 45
and superconducting film 10 on substrate 20. Retainer 77
and side walls 45 have openings for receiving coaxial
cables 18. Cables 18 have loops 21 for coupling of the
resonator to an electric circuit (not shown). Retainer 77
10 is formed of materials that have low dielectric constant
of nearly 1 and low tan 8of <10-4. As shown in Figure 8,
retainer 77 is hollow, and is solid near sidewalls 45
where the electrical fields are minimum. The wall
thickness of retainer 77 is minimized to reduce the
15 contact area between retainer 77 and dielectric 30 to
minimize loss power.

Still yet another embodiment of a holder device for
the microwave resonators of the invention is shown in
Figure 9. Holding device 29 shown in Figure 9 is

20 identical to holding device 25 except for the use of
additional dielectric 65. As shown in Figure 9, cavity
81 between dielectric 30 and the interior surface of
sidewall 45 of device 25'is filled with dielectric
material 65. Dielectric material 65 has a tan Sof less

25  than 10-5, 'Examples of dielectric material 65 include
styrofoam, porotic teflon, and the like.

Figure 10 shows a further embodiment of a holding
device suitable for use with the superconducting
microwave resonators of the invehtion. Holding device

30 24 shown in Figure 10 is identical to holding device 25
except for additional use of holding pins 71. As shown
in Figure 10, pins 71, formed of low tan ddielectric
materials such as sapphire, quartz, polymers,
polytetrafluoroethylene ("*teflon"), “Delrin", registered

35 trademark of E. I. du Pont de Nemours and Company, and
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25 devices such as filters that are formed of a plurality of
dielectrics positioned between a plurality of substrates bearing a
coating of high tenperature superconducting matérial, or wherein the

dielectri substrates are in alternating position Eﬁﬁ# (o)
each 30 ﬁ@?&ms DETAI LED DES@RTPTI ON OF THE S‘T‘kﬁ/ ’gf“

Having briefly sumari zed the invention, the I nvention will now be
descri bed in det athe blikeceechogerted imtd lsmbsokhvei 29 bemcitg cati on and

non-limting 35 gxgdRidduct YRbeE1RICT IS amRedibhede raL! 3p8r cent ages

Figures 1l(a) to 1l1(d) show alternative embodiments

for coupling of the microwave resonators-qf the

5 invention to an electronic circuit (not shown).
Generally, the embodiments shown in Figures 1l1l(a)-1l1l(c)
entail use of substrates that bear superconducting films
on the surfaces of the substrate that directly contacts
dielectric 30. Openings‘are provided on the

10 superconducting film on the side which directly contacts
dielectric 30. A éOUpling device is located over the
opening on surface of the substrate that does not
contact dielectric 30..

Figure 11(a) shows a microstrip line coupling

15 mechanism for coupling of the microwave resonators of
the invention to an electronic circuit (not shown). In
Figure 11(a), microstrip line 15 is formed by depositing
superconducting f£film material on that surface of
substrate 20 that is remote to dielectric 30.

20 Microstrip line 15 serves as the lead to an electronic
circuit (not shown). Opening 12 is provided in film 10
on the surface of substrate 20 that contacts dielectric
30. Opening 12 extends through film 10 but not through
substrate 20. Opening 12 does not contact dielectric

25 30 in order to minimize the effects of magnétic fields
on dielectric 30. Opening 12 is parallel to the local
magnetic field. Coupling is achieved by magnetic field
leakage through opening 12 to line 15. Microstrip line
15 extends over opening 12 by a distance of A/4, where A

30 is the wavelength of the radio frequency field at the
operating frequency of the resonator.

Figure 11(b) shows a coplanar line coupling
mechanism for éoupling_the microwave resonators of the
invention to an electronic circuit (not shown). The

35 coplanar line coupling is formed by depositing
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5. ‘are by weight and all tenperatures.are in degrees Kel vi n.
Figure 1 shows superconducting m crowave resonat or and a hol di ng devi ce.
for that resgnator. As shown in 5 Figures 1(a) and 1(b), a superco sucting
m crowave O IBEWSAHt or 100 with cavity 90 isiprovided in the Pﬁ?{} 9633
substrates 20 bearing superconducting film 10

superconducting film material on that surface of

substrate 20 that is remote to dielectric 30 to form
center line 19 and ground plane 21. The coplanar line
coupling serves as the lead to an electronic circuit

5 (not shown). The coplanar line coupling extends over
opening 12. Opening 12 is provided by film 10 on the
surface of substrate 20 that contacts dielectric 30.
Opening 12 extends through film 10 but not through
substrate 20. Opehing 12 does not contact dielectric

10 30. |

In the coplaﬁar line coupling of Figure 1l1(b),
center line 19 is short circuited to ground plane 21.

- Center line 19 extends across opening 12. Opening 12
is parallel to the local magnetic field. Coupling is
15 achieved by magnetic field leakage through slot 12 to
'~ center line 189. .

Figure 11l(c) shows a parallel line coupling
mechanism for coupling dielectric 30 to an electronic
circuit (not shown). The parallel line coupling includes

20 parallel lines 31 and loop 32. The parallel line
coupling is formed by depositing superconducting film

. material on that surface of substrate 20 that is remote

to dielectric 30. The barallel line éoupling mechanism
serves as the lead to an electronic circuit (not shown).

25 Parellel lines 31 and loop 32 extend over opening 12.
Opening 12 is provided in £film 10 on the surface of
substrate 20 that contacts dielectric 30. Opening 12
extends through f£ilm 10 but not through substract 20.
Opening 12 does not contact dielectric 30. Coupling is

30 achieved 'by leakage of magnetic field through opening 12
which is captured by loop 32.

Figure 11(d) shows,a‘coupling mechanism useful for
microwave resonators such as those used for a filter as
shown in Figure 3(b). As shown in Figure 11(d), the

coupling mechanism employs identical, congruent slots 12

)
w
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positioned on dielectric 30. Substrate 20 is a single crystall t hat has
a lattice matched to superconductor 10 film 10. Preferably, substrates 20

are forned of LaAlO[err], NdG&(Jerr], MJO and the I|ike.
Cener al lyg o3p@8§conductor film 10 may be fornmed f r om gror/Us9tredess
superconducting material that has a s#X ace resistance (Rlerr]) that is

at least ten tines less 15 than that of copper at any specific operating
tenmperature. Tc thapubh félarId nefl Hotl adfadedys ofr sabstraten2t hodlats ng a

LakeShore Super gonductah ﬁﬁﬁ%\?ﬁ,gﬂﬂsmﬁ/m?‘g%%gt@o%7?‘8‘9&%“‘SHJ ce

resi stance of superco 10 can be reasure e nmethod 20
described i n W Ioesuestapte 26. GHlagyRramp@aghysurface gfipsvksial® or
Resonators w th2d gayQbanghéosamoVey different in size. Coupling is
5 achieved by leakage of evanescent magnetic field through
slots 12.

. Coupling of the microwave resonator alsoc may be
achieved through dual coﬁplings. Figure 12 shows a dual
coupling mechanism that utilizes dual identical coupling

10 miérostrip lines 44 (a) and 44(b) that cross slots
12(a) and 12(b) on £film 10. Sléts 12(a) and 12(b)
are provided in film 10 on that surface of the substrate
20 that contacts dielectric 30. Slots 12(a) and 12(b)
terminate at the surface of substrate 20. Couplings

15 44 (a) and 44 (b) are connected by lead line 41 that is
divided into equal length branches 42(a) and 42(b).
Lines 44 (a) and 44(bf and lead line 41 are formed by
depositing superconductive material onto substrate 20.
Coupling is achieved by leakage of evanescent magne&ic

20 field through slots 12(a) and 12(b). The aual couplihg
mechanism shown in Figure 12 enables selective coupling
to the TEp;; mode and suppresses competing ~
electromagnetic field modes that have antisymmetrical
magnetic field distribution.

25 The coupling mechanisms of the invention also
provide for ease of connection to circuits integrated
onto substrate 20. As shown in Figure 13, a circuit is
integrated onto the side of substrate 20 that bears
coupling mechanisms 55(a) and 55(b). Couplings 55 (a)

30 and 55(b) may be formed by depositing superconductive
film material onto substrate 20 over slots 12(a) and
12(b). ~Slots 12(a) and 12(b) are provided in the
superconducting film (not shown) on that side of
substrate 20 that contacts dielectric 30. Slots 12(a)

35 and 12(b) extend through the superconductor film bu:
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Dependence up to 90 K", |EEE, Trans. 6n M crowave Theory and
Techni ques, Vol.. 39,- No. 9, Septenber 1991, pp. 1462-1467. GCenerally,

super conduct.or f|In110 is. 25 formed frommaterials such as

Tl BaCaCuO wo”( or 2223), TIPbSrCaCuO (1242 or 1223), Y’%ﬁ'@g’?%@
Super conduct i ng f|In110 can be deposited onto substrate 20 by net hods
known in the art. a t " PRy og.and
30 Characterlzatlon oﬁiﬁ% ﬁ é gg%ga g?%fr rrﬁéqzﬁo %&gkb Is
LaAl O[err]™", RR4ATE of| magretig, ﬁsiatilmshlgbqtand

Laubacher et al., "qus¢s&hag1am$leeld of YBa[err]CU[err]CIerr] Thi n

Fil ms and Devi ces Producgd MAt BaF[err oces EEE,. Tran
Magn., Vol . 27, pp 1418§ 53% cirLuEIs onto substrateléo as shown

in Figure 13 may be ach;eved by well known thin film
printed circuit technology. If the circuit is a hybrid
circuit that employs, for example, transistors, then the
transistors can be integrated into the circuit by
conventional wire.bonding.

10 Figure 14 shows an alternative embodiment of éhe
superconducting microwave resonator of the invention
that is retained by holding device 25. As shown in
Figure 14, rings 61 with a dielectric constant much less
than that of dielectric 30 are inserted between

15 dielectric 30 and superconducting £ilm 10. Rings 61,
by placing dielectric 30 further from superconducting
film 10, enable the microwave resonator to handle
greater power levels.

From the fpregoing description, one skilled in the

20 art can easily ascertain the essential characteristics
of this invention, and without departing from the spirit
and Scope therecf, can make various changes and
modifications of the invention to adapt it to various

uses and conditions.
25

30
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6 - ‘General ly, the thickness of film10 is in the range of 0.2 to
1.0-mcron, preferably 0.5 to 0.8 mcron. M crowave resonator 100
is formed by positio

on 5 d|
dielectric 3

10

15

20

25

30

This Sheet Has B

ni “zmmes 20 bearing superconducting film 10
§501530 \\!ﬁk@‘ an be placed on the perRidbAGEC"
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CLAIMS

What is claimed is:

l. A high temperature superconducting microwave
resonator comprising a dielectric and a plurality of
substrates bearing a coating of high temperature
supercondﬁcting material, wherein said substrates are
positioned relative to said dielectric to enable said
coating to contact said dielectric.

2. The high temperature superconducting microwave
resonator of Claim 1 wherein said dielectric is selected
from the group of sapphire and quartz.

3. The high temperature superconducting microwave
resonator of Claim 2 wherein said dielectric is
sapphire.

4. The high temperature supercondudtihg microwave
resonator of Claim 1 wherein said substrates are single
crystals that are lattice matched to said
superconducting material.

5. The high temperature superconducting microwave
resonator of Claim 4 wherein said substrates are
selected from the group of LaAlO3, NdGaO3 and MgoO.

6. The high temperature superconducting microwave
resonator of Claim 1 wherein said superconducting

material has a surface resistance at least ten times
less than copper.

7. The high temperature superconducting microwave
resonator of Claim 6 wherein said superconducting

LT



adhesi-ve materials may be enpl oyed. Pol ynet hyl nmet hacryl ate optional ly
may be deposited onto the surface of superconducting film10 to nore
firmy bond 10 dielectric®30, as well as to protect superconducting :
film10. WO93/09575Di el ectric 30 nmay be pr ovided in a vari et yPET/USI2/096¥pes.
Preferably, dielectric 30 is in the form of circular cylinders or
polygons. Dielectric 30 nmay be 15 forned of any dielectric material wth
a dielectric ERMRT R fergglectegudirom EPEcEFPEP Rk e¥BfWC | H@Bdde, for
exanpl e, sapphireribacechosErlzy, ansadacubi(ze23), TIEMSrEadyo (11e3eor

Torerr] at oryogehtPTARRAIZ. 30" the [err] and tan [err] of o
the-dielectric material can be
5 8. The high temperature superconducting microwave
resonator of Claim 1 further comprising dielectric rings
positioned between said dielectric and said substrate.

8. A filter comprising a plurality of dielectrics
10 positioned between a plurality of substrates bearing a
coating of high temperature superconducting material,
wherein said substrates are positioned relative to said
dielectric to enable said coating to contact said
dielectric.

15
10. The filter of Claim 9 wherein said dielectrics
and said substrates are in alternating positions
relative to each other.
20 : 11. A device for retaining the configuration of a

superconducting microwave resonator, said microwgve
resonator comprising a dielectric and a plurality of
substrates bearing a coating of high temperature
superconducting material, Qherein-said substrates are

25 ©positioned relative to said dielectric to enable said

= coating to contact said dielectric,
said device comprising mgans to retain the relative

positions of said substrate and said dielectric during

use of said microwave resonator in an electrical
30 circuit.

12. The device of Claim 11 wherein said device if
formed of conductive materials selected from the group
of copper, aluminum, silver.
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nmeasured by nethods known in the art. See, for exanple, Sucher et al.,
"Handbook of M crowave Measurenents”, Pol ytechnic Press, Third Edition,
1963, Vol. I11, Chapter 9, pp. 496-546. 25 The configuration of

t he m cr ey@vgspo§monat or 100, when in gge, I s mai nt ai nedTNSINOIEENT
device 25. The hol di ng devi ce can be y enbodi nent that naintains the
relative positions of the conponents of the resonator _ during thermal
cycling associated wi 18- usErofdeHice3of FeabRatbrwhengigyusaif mpashods a
first enbodi ment sptifngs forned difngofleMagoetd fotmatepii@ys spring | oading. As
shown in Figure 1(a), the configuration of m crowave resonator

100 i s mai ntained by hol ding device 25. Hol di ng devi ce 25 i ncl udes

si dewal | s 45, bottom pfat eTBO, devjsel o edaim 11 wherein said device

S5 includes an additional dielectric material between said
substrate and said dielectric of said microwave
resonator, wherein said dielectric material is different
from said dielectric of said microwave resonator.

10 15. The device of Claim 11 wherein said device
further comprises a retainer positioned between said
substrates and contacting said dielectric.

16. The device of Claim 11 further comprising a
15 coupling means for transferring electromagnetic energy
between said -dielectric to an electrical circuit.

17. The device of Claim 16 wherein said coupling
means comprises a coaxial cable with coupling loops
20 formed of extended inner conductor of said cable, said
cable positioned between said substrates of said
microwave resonator.

18. The device of Claim 13 wherein plurality of
25 spaced rods of dielectric material contact said
dielectric of said microwave resonator, wherein said
dielectric material of said rods is different from said

dielectric of said microwave resonator.

30 19. A method for coupling a superconducting
_microwave resonator to an electric circuit, said
resonator comprising a diélectric and a plurality of
substrates bearing a coating of high temperature
supérconducting material wherein said substrates are
positioned relative to said dielectric to enable said

ty
n
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35 pressure plate 70, and | oad springs 80. Load springs
7 - 80 are sufficiently strong to retain the configurhtion of the

§§8E§hﬁ%6%uring t hermal cycling. L%&F springs %Qn9b§3£&&£ky

m crowave r
are_forned

i0

15

20

25

30

35

R OO

etic materi al

coating to contact said dielectric and wherein said
substrates have at least one opening therein for passing
electromagnetic fields generated by said dielectric,
said method comprising employing a means positioned on
said substrate for transferring said electromagnetic
fields passing through said at least one opening to an
electrical circuit.

20. The method of Claim 19 wherein said means is a
microstrip line.

21, The method of Claim 19 wherein said means is a
coplanar line. '

22. The method of Claim 19 wherein said means is a
parallel line.
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in'order to prevent disturbing the radio frequency 5 fields in the
resonator to achi eve the highest possible Q val ues. Load springs 80
preferably are forned of Be- Cu al |l oys. Parts 45, 50, 60 and
70 of holWD193/088%5 ce 25 are made of thermally and el ect PCEFAU$IR/09635
conductive materials 10 in order to reduce radio frequency |oss as well as
to enabl e efficient cooling of resogator 100. Parts 45, 50, 60 and
70 therefore may be forned of, for exanple, oxygen fired copper,

al um num silver, preferably oxygen fired copper or alum num 15

The high Tc superconductor-dielectric mcrowave resonators of the

i nvention are capabl e of attaini ngAMENDER2XLAMMSEl y hi gh Q val ues, due in

part, to the [lkcbived Bf the International Bureau on 23 April 1993 (23.04.93);
original claim 10 cancelled; original claim S amended;
other claims unchanged (1 page)]

material is selected from the group of YBaCuO (123},
T1BaCaCuO(2212), Tl1BaCaCuO(2223), T1PbSrCaCu0(1212} or
T1PbSrCaCu0(1223) .

5 8. The high temperature superconducting microwave
resonator of Claim 1 further comprising dielectric rings
positioned between said dielectric and said substrate.

9. A filter comprising a plurality of dielectrics
10 positioned between a plurality of substrates bearing a
coating of high temperature superconducting material,
wherein said substrates are positioned relative to said
dielectric to enable said coating to contact said
d&electric, and said dielectrics and said substrates are
15 in alternating positions relative to each other.

11. A device for retaining the configuration oI a2
superconducting microwave resonator, said microwave
resonator comprising a dielectric and a plurality of

20 substrates bearing a coating of high temperature
superconducting material, wherein said substrates are
positioned relative to said dielectric to enable said
coating to contact said dielectric,

said device comprising means to retain the relative

25 positions of said substrate and said dielectric during
use of said microwave resonator in an electrical
circuit.

12. The device of Claim 11 wherein said device iZ
30 formed of conductive materials selected from the group
oI copper, aluminum, silver.

||| 0 M
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substrate 20 bearing film 10 to prevent axial radio frequency f|elds
from extendi ng beyond the London 20 penetration depth of the
superconducting film10. This i s acconplished where substrates 20 are
substantial ly greater than the diameter of dielectric 30 so that radio
frequency fields are confined wthin the cavity region bet ween
substrates 20. 25 The hi gh @Q val ue superconducti ng m crowave
resonators provided by the invention have a variety of potenti al
applications. Typically, these resonators may be enpl oyed in
applications such as filters, oscillators, as well as radio frequency

energy storage 30 devices. ABSPRATEr owave resonators of the
i nvention al so may -

HIG-H-TEMPERATURE SUPERCONDUCTOR-DIELECTRIC RESONATOR

The invention is directed to superl:onducting microwave resonator, to holding devices for
those resonators, and to their methods of manufacture. The superconducting microwave
resonators employ a superconducting film on substrates positioned on a dielectric. The
holding devices include a variety of configurations, such as, g spring loaded device. The
superconducting microwave resonators have Q values of as high as microwave resonators

formed of Nb, but operate at much higher temperature.

Fig. la
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be énplbyed as frequency stable elenents to reduce the

OSCillat%ﬁ@gBﬁ%?ﬁ?O““ in Figure 2,

resonat or
| oop

60\

phase noi se for

circuit 51 enpl oysperiigdrAaye
the 35 invention that is inserted into a closegw?eedback
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- of, preferably, a low noise anplifier 15. Were the product of the gain

.of arrplifi er 15 and the insertion | oss of resonator 100 is greater than

one Hg% the total phase of the closed | oop, as mai/usbpdoddy phase
shlfter é |sarrult|ple of 2[err], then, due to the extremely high

'Qval ues of the super conducti ng m crowave resonators of the invention,

the oscillator can be nmade to oscChl it at the m crowave resonator's

r esonant frequency to yield | ovveral{u noi se in the oscillator. 10

The superconducting m crowave resonators of the i nvention al so may be

enpl oyed to provide highly stable frequenci es suitable for secondary

st andards for frequency or tinme. Since the m crowave resonator has an

extrenely high Qvalue and operates at a constant

FIG.3a
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15 " cryogenic tenperature, the microwave resonator has a very stable
resonate frequency that nakes the resonator useful for serving as a
secondary MW@A¥apsrs The superconducti ng m crowave rpep IEeRlmeds
the . i nvention further nay be enpl oyed as buil ding blocks in 20 passive
devices such as filters. Exanples of such filters are shown in Figures
3(a) and 3(b). As illustrated in Figuregégz) filter 110 is shown in

t he formof a series of dielectrics 30 vached bet ween

substrates 20 bearing superconducting filns 10. 25 Coupling between
dielectrics 30 is achieved by the evanescent fields of dielectrics 30.
Coupling of filter 10 to electronic circuits (not shown) can be

achi eved by coaxi al cable 18 bearing coupling |oop 21.

FIG.4
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Fi gure 3(b) shows an alternative enmbodinent of a 30 filter.
Figure 3(b), filter 120 enploys a
bet ween di V@ @3400875
di el ectrics
of filter 120 to an electronic circuit

couplings 13. Couplings 13 can be

4/11

FIG.S

As shown in
series of dielectrics 30. Coupling
30 is achieved by the evanescent fiPpCHaS¥/09635
30 via openings (not shown) on substrates 20. Coupling
(not shown) can 35 be achi eved by
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-9 - ‘coaxi al |ines, waveguides, or other transm ssion |lines. In
.either of the enbodinents of Figures 3(a) or 3(b), the high Q val ues of
the super apgddgggstig m cronwave resonators reduces the in-pEnfsyeeiski on
loss of the 5 filter so as to nake the skirt of the frequency response
curve of the filter steeper. An addi tional application of the
super conduct i ng, m crowave resonators (5 thE I nvention is to neasure

t he surface i npedance (Z[err]) of supe .én1d ctor materials and 10 the
conplex dielectric constant [err] = [err]' - [err]'" of dielectric
materials, where Zerr] and [err] have been

FIG.6
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determ ned by neasurenent of f[err] and Q at two differing nodes in
accordance with nethods known in the art. CGeneral ly, high

Q val ues wap 93Messuper conducting 15 m crowave resonat ors opcthssobrgesst i on
may be obtai ned by sel ecting the proper el ectromagnetic nodes to

pr event flow of radio frequency current across the edges of
superconducting filns 10. These propermi are TE[err] nodes where

t he radi al node i ndex has a val ue of 2 iFl, 2,3,... and the axial nopde

i ndex has a val ue of n=1,2,3,... Al TE[err] nodes have only circular
radi o frequency currents that dﬁgggcr% the edge of filns 10.
Havi ng sel ected the specific electro fc de 25 of the m crowave
resonator, the Q and the resonant

FIG.7b
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frequency f[err] for the microwave resonator can be cal cul ated by

sol ving Maxwel | 's Equations for the boundary conditions of the
resonat or ,w@3j@skown in the art. 30 The | 0ss peYRsHIeRSL at ed
Wi th- parasitic coupling to | ow Qval ue nodes such as non-TE[err] nodes
or case nodes may be minimzed in the mcrowave resonators of t he
I nvention by assuring that substrates Zerg flat and parallel to
within a tolerance of less than 1[err]. 4 [oss power al so nay be

m ni m zed by ensuring that the
F16.8 =
60 80
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10° ~ " C-axis of anisotropic materials such as sapphire, when enpl oyed
as dielectric 30, is perpendicular to substrate 20 to within [err] 5,
pref er abl y wid 65/0bs575 As also is shown in Figure 1(a),p 'ﬁgé))ﬁﬁ@ D
resonator 100 can be coupled to an electric circuit (not g?;own) §3°
coaxi al cable 18 that includes coupling | oop 21 protruding into cavity
90 of m crowave resonator 100. The orientation of coupling |loop 21 and

8/11

FIG.11a
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thé depth of insertion of coaxial cable 18 into cavity 10 90 readily can

.be adjusted to ensure coupling to the el ectronic circuit. In a
preferred_aspect _of the invention, superconducting filmg by
epi t axi al Mjoaé'%%.’l’ti ng 0.5 m cron superconducting fil nswéjl{lggms‘“
T[err]Ba[err]Ca[err]Cu[err]O or 15 YBa[err]Cu[err]0 on 2 inch dianeter
substrates of LaAlO[err] positioned on cylindrical dielectrics of
sapphire. The superconducting filmis dBa@kﬂted so that the C axis of
the filmis perpendicular to the surface of the substrate. The

di el ectrics of sapphire typically 20 neasure 0.625 inch dianeter by 0.276
inch tall, 0.625 inch dianmeter by 0552 inch,tall, or 1.00 inch
di anet er by 0.472 inch tall. The 4;b (Bqtas1qu dielectric are

FIG.11d
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retained in position by a holding device forned of oxygen free copper.
Coupling of the m crowave resonator 25 to an electrical circuit can be

achi eved%@/”i/&%ggti ng two 0.087 inch dianeter copper g ﬁﬂﬂbﬁ%s
3 S

st eel , ohm coaxi al cables with coupling | oops nade of extended
I nner conductor into the cavity of the resonator. The surface of the
coupling loops is perpendicular to the 30 vertical axis of the sapphire
dielectric to enable sel ective kﬁﬂﬁﬂihg to the TE[err] (i=1, n=1) node
of the dielectric. The Q val ues of the above descri bed
m cr owave resonat ors, when eanbgUSg ggﬁ?CUSC)as the 35
superconducting film are shown in Fi « 4 &= As shown

44q _--12a
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in”FiQu?e 4, Qvalues of 5 mllion, 1.5 mllion, and
found at tenperatures of 4.2 K 20 K

0.25 mllion are
and 50 K, respectively. The Q

val ues of WHasaReye described m crowave resonators, when S0P5PYEdRGs

60
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5. Tl [err] Ba[err]Ca[err]Cu[err] O as the superconductl ng \%ACEMEN HEET i n
Figure 5. As shown in Figure 5, Q values of 6 nllllon, aﬁégf?dgdﬁgn ahd

1.3 mllion are found at tenperatures of 20 K, 50 K/~

respectively. The dependence of Q val ues of tHe [abov d|10
m crowave resonators that enploy Tl[err]Ba[err]Ca[err] C;U[err] O as the
superconducting filmon the size of the sapphire d|

Figure 6. As &hown in _Fi ure 6, th val ues.incre fil mllion to
6 nillion with ™ %Jﬁgsf‘rrg‘ gl ofa Sﬁgh hlre“od"e r|c 1§

Devi ce 25 Sh(mWIQrele&rFl @inee dL(EK)ictuhat - errplroylaceprmg the dmmln m@nds only
|IIustratJve her neans f.or hol di ng croyaye,re g?cgcﬁp% are shown
. , -~ g?¥ d -
bel ow. hlck & ﬁﬁ &) ~and - 7(bf°§ﬁ8§}an a erna
“'ﬂlactrﬁc dlthonc an associated conducting neclum also
have nigh Q-values (see D. G. Blair, et al: "High Q
Microwave Propertiess of a Sapphire Ring Resonator®,

J. Phys. D: RAppl. 2hys., 15, P16531, 1982.) However, the
pr

i

10 oblems associatad with the far reaching evanescent

HI

ields make them very bulky and vulnerable to
microphonic effecz, which limits the applications.
Curtis, J. A. =2t zi.,, 1991 IZEE MTT-S Iaternaticnal
Digest, Vol. 2, pp. 447-450,
1991, 32o0ston, MA, U.S. discloses hybrid
erature superconductor resonatod
and filter configurations using these resonators. For
the TEgy; mode rasorators disclosed the Q-value is zbou:
200,000 at 20 X. ?ao, Z. et al., 188
20 International Micrswave Symposium Digest, Vol. I,
pp. 457-458, May 25-27, 1388, New Y
disclose a superconductor-dielectric ressonator based on
a sapphire tube lcaded with two plates of ¥-3a-Cu oxice
wherein a Q-faczor of iC% to 106 may be achisved using =
25 Z9:18 or Egis mode. 'chami, Y. et al.,, '
International Microwaﬁe Symposium Digest, Vei. 3,
op. 1345-1348, June 10-14, 1991, Boston, MA, U.S

teaches a bandpass filter using two TMpi;§ modce

dielectric rod resonators oriented axially ia a high

30 temperature superconcuctor cvlinder having a Q value cf

150,000 at 20 X. St. Martin, J. et al., Electornics

Letters, Vol. 26, No. 24, November 22, 1990,
pp. 2015-2016 discloses a dielectric resonator antenna
consisting of a HEMi1§ mode circular dielectric

35 resonator fed by a microstrip feedline through a
coupling aperture in the ground plant between them.

The need therafore 2xists for microwave resonator

made of high To , such as 77 K, superconductor that have
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weran.

! : AT (: 4
enbodi ment for holding the microwave resonators of the 20 RERLAQENEh“ YR
shown in Figure 7, the m crowave resonator is held by hol ding device
27. Device 27 is i ndentical to device 25 except that, 3ds % 1976
Fi gure 7(a), spring | oaded hol ding device 27 enpl oys |t jree
dielectric rods 35 positioned 120[err] r@Rative to each 2§ Other to
further support dielectric 30. Dielectric rods 35 arle_inserted
through side vgldas . 4% Qonaldbng deVise 7. surelrddHdGAMd %% owlhal ectric
rods 35 have a | ow | oss ~and a dielectric constant |ess than that of
dielectric resgpatpys gefe 8f MBds 35 are pointed to mininize contact 30
area with gielectric 30 tERIENTHSORIPTIONDOEETHE DRAWINGS A further

enbodi nent of a devjce for. oIding t he m crowave, resonators .of the
i nvention is Shownﬁﬁ?qﬁ%iﬂ’ a) and l(b) show a vertical Ccross secticn
m

of superconduczing

icrowave resonator and a holding
device for tha: resonator.

Figure 2 is a schematic block diagram of a

10 frequency stablie element for oscillators that employs
the microwave resonatcr of the invention.

rigures 3(a) and 3(b) show configurations of
filters using superconducting microwave resonators
according to the iavention.

15 Tigure 4 shows the Q-values of a superccnducting
microwave rescnator oI the invention that emplov
¥BaoCu3j0 superczonductor and sapphire dielectric.

Tigurs 3 shows the Q-values of a2 superconducting
microwavae rascnator of the invention that smplcvs

20 Tl2alaCu0 superconcductor and sapphire disleactric.

Tigure § shows the relationship of Q-value of the
resonator to tha size of the dielectric.

Figurs 7 shows cross sectional views of an
alternative embodimenz of a device for holding the

the invention.
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8. As set forth in Figure 8, the m crowave resonator etar in
posi ti on by holdln? device 28. Holding 35 device gﬁﬂﬂ#ﬂﬁﬂéﬁﬂ dﬁﬁﬂ

hol di ng devi ce 25 l}ﬂ] /m L 2.3 FEB 1996

CLAIMS

What is claimed is:
1. A high temperature superconducting microwave
resonator comprising a dielectric having a loss Zfactor
5 tan 8) of from 1075 to 109 at crvogenic temperacure,
and a plurality of substrates bearing a coating of high
temperature superconducting material, wherein said
substrates are positioned relative to said dielectric to
anable said coatinc to contact said dielectric, said
10 resonator contained within a holding device having a
top, bottom and sidewalls wherein a clearance gap exists
between the device sidewalls and a plate positioned in
contact with at least one substrate and perpendi:ular to
side sidewalls, said resonator haviang a Q value of at
153 least 0.25 million at 50 K and a TEpjn mode wherein i

and n are each integers of at least 1.

2. The nigh temperature superconducting microwave
resonator of Claim i wherein said dielsctric is selected
from the groupr of sapphire and quartz.

20 ' 3. The =Zigh temperature superconducting microwave
resonator of Clzim Z wherein said dislectric is
sapphirsa,

4. The high temperature superconducting microwave

resonator of Claim . wherein said substrates are single
n

2% crystals that are lattice matched to said super-—
conducting material.

5. The high temperature suoerconauc:;ng microwave
resonator of Claim 4 wherein said substrates are
selected from -“he group of LaAlO3, NdGa03 and MgO.

30 6. The high temperature superconducting microwave
resonator of Claim 1 wherein said superconducting
material has a surface resistance at least ten times
less than copper.

7. The high temperature superconducting microwave

35 resonator of Claim & wherein said superconducting
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12 . t he additional use of
substrate 20 bearing
bottom plate 50. Di el
77 is positioned 5 about® di‘el &cttic*
45 and superconducting film 10 on

side walls 45 have openi ngs for

retainer 77. As shown lniFlgure 8,.

jﬂﬂ’ﬁmamﬂ"ﬁ ,"I)l)rsnl tlf)oned on substrate_ 20.. Bet a‘i ner

recei ving coaxia

FEE T L
i i‘lul l (A

vt s o sy ) l.
to
Pt

S p03|rloned 6h !
30. Retainer 77 contacts sidewals
subg#rate 20. Retai ner.-77—=-and
cabl es 18. Cables 18

have | oops 21 ok 6aupl i:Ng f: thegy -,°5eggga&oéu5cbéu»ggéya|@1g3q|rCU|t(not
of

shown) . F@talner NAA 10 I s _forned
const ant
Fi gure 8, m@tb@:lﬂmt:ubﬂ 12g3hal | ow,
8. The high t
5 resonator of Claim 1

positioned between

9. A filter
having a
cryvogenic temperature,

substrates bearing a

superconducting ma:e:ia;,

- -t - -

[§8)
(@)

for

. .
agvice

superconducting

)8
(¢

(zan 8) of from 1078 o
and a pluraliry of
temperature
substrates .are pos
30

smperature super

said dielectric and said substr

coating of

TZgoin mode whexrsin i

retaiaing
microwave

resonator comprising a dielectiric

substrates beza
superconduct
itioned relative to said dielectric

enable said coating to contact said di

materi als that have | ow dielectric

HF‘riéﬁd'lowPFQH‘P@KF?26¥v<ﬁkﬂ%§ﬁqaC4949zsﬁéwﬁrln

and is solid near sidewalls 45

conducting microwave

furzher comprising dielectric rings

(D

comprising a plurality of dielectrics
loss factor (zan 0)

of from 10-6 to 1079 at

positioned between a plurality of

high temperature
wherein said subsctrates are

Bk - ) U S

lezst 1.

~

~he configuration of a

esonator, said microwave
having a loss factor

i0~9 at crvogenic temperature,

?

ring a coating of high
ing material, wherein said

to
said

electric,

resonator having a Q wvalue of at least 0.25 million at

50 K and a TEpin mode wherein i and no are each integers

of ar least 1,

said device comprising means having a top,

bot
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where the el ectrical fi eI ds are m nimum The wal | thrckmressof
retainer 77 is n1n| e the 15 contactjafe e reta ner
77 and dielectric ﬂl l i ;ﬁl e | oss power. %?rgﬁﬁﬁﬁb yetZl
anot her enbodi ment e f or the I crowave resona s of
the invention is shown in Flgure 9. Ho?ding deyice 29 shown in H gure
9 is 20 i dentical to holding device 25 except for*t+te—tuse—of
addi tional di el®stvdsn 681 AS RN 1 a%lcﬂlér%l%m %\GSly'lo q 2 hetyeen
dielectric 30 and the interior surface of of “déevi ce 5 is

filled with di efect ric 283t r‘?é’teeﬂ“éﬁsﬁ?“*Daé‘ldeé’FrJ@“ﬁdtcé‘rlla&] *@5skdd a tan
[err] of |ess 25idewdiars,l(adld neansxamplaas ok dhel eelikitG veRbRikiial o83

include Sty# of 03N 5 RALALILG ta%fc:l Qs 'Y nd t'hetl ' kedur:.ng use of sais

5 microwave resonator in an electrical circuit.

_2. The device of Claim 11 wherein said devi

}a-

formed of conductive materials selected from zhe group
of copper, aluminum, silver.
13. The device of Claim 11 wherein springs formed
10 of nen magnetic materizl are positioned between and in
contact with the device top and said plate.
14. The device of Claim 11 wherein said device

includes an additional dielectric material b :weén said

f)

h

substrate and said dielectric of said migrowave

15 resonator, wherein said electric material is diffsrent:
Zrom said dielectric of said microwave resonator.

253. The device of Claim 11 wherein said devize
further comprises a retainer positioned between said
substrates and contacting said dielectric.

20 i The device oI Claim 131 Zfurther comprising z
coupling means Ior ::ansfe:rlng.elec:romagne:;: nesgy

z7. The device of Claim 16 wherein said coupling
means comprises a coexial cablie with coupling _oors
25 Zormed of extended inner conductor of said cable, said
cable positioned between said substrates of sai
microwave resonator.
18. The device of Claim 13 wherein plurality of
spaced rods of dielectric material contact said
30 dieleétric of said microwave resonator, wherein said
dielectric material of said rods is different Irom said
dielectric of said microwave resonator.
* 19. A method for coupling a superconducting
microwave resonator to an electric circuit, said

35 resonaior comprising a dielectric having a loss factor
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Figure 10 shows a further enbodl t of a holding i rdevicesuourrtabl e for
use with the super m l“/“ i crowave resonat ofls nt{ on.
Hol di ng devi ce 30 ﬂ m “ re 10 is identica to:%%Fglﬁggﬁev ce 25
except for additiondl bse' of" hol d| ng pins 71. As shopn in Figurk [0,
pins 71, fornmed of lowtan [err] dielectrid® mat grial s such as

sapphire, quartz, polyners, pol yt et r af | uor oet hyreme—(“t-eft+on=s—
"Delrin", registtemed)3%f tiragerdrR vd B9 awder-Pogende bempurstand, Conpany,

and

and a plurallzy 2f substratas bearing a coating of high
erconducting material wherein said
bstrates ars positioned relative o said dielectric s

aple said coating to contact said dielsctric, said

i
1]
= BN o

resonator contained within a holding device having a
top, bottom and sidewalls wherein a clearance gap exists
between the device sidewalls and a plate positioned in
contact with at lsast one substrate and perpendicular 2
i0 said sidewalls, said resonator having a Q value of at
least 0.25 million zt 30 X and a TEg:n mode wherein 3

and n are each inrtegers 0Ff at ieast i, and wherein said

[N
wm
0
M
t
.
=]
m
(]
oy
(o]
Q.
0O
8]

d
prising amploving a means posi:ioned on
said substrate for transferring said slectromagneti

fields passing through said at lsast one opening to an

20. The me=hod oF Clzim 12 wherein said means i1s =
20 microstrip line
il The mechod of Lizim 18 wherein said means 1s 2

22 Tha method 2f Clzim _% wherein said means 1s 2
. -
parailial line
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13 ' the like are inserted into substrate 20 bearing super c ot g
film 10 d.intao dielectric 30. Figures 11(a) to 11(d) show
aIternatlféﬁgm@EMgW$Q§H}ﬂ‘ for coupling of the mcrowave resonators of the
5 .inventj on tU‘un"tlcbrYOniC circuit (not s?omnk. General ly, the
enbodi ment s

bear supdrg

directly |c

28, 39(%' urgs 11(a)-11(c) entail use of substrates that
on tin ns on the surfaces of the substrate that

acts

el gctric 30. Openings are provided on the

JITLE

HIGH TEMPERATURE
SUPERCONDUCTOR-~DIELECTRIC RESONATOR
FIELD OF THE INVENTION
This invention relates to microwave resonators
formed of high temperature superconductor and dielectric
materials as well as to electronic circuits that employ

" those microwave resonators.

10

15

20

25

30

35

BACKGROUND OF THE . INVENTION

Microwave resonatofs are known for use in time and
frequency standards, frequency stable elements, as well
as building blocks for passive devices such as filters
and the like. The performance of the microwave
resonator is gauged by its Q-value, expressed as

Q=2n fo *(Storage energy/Loss.powér), (1)

where £y is the resonant frequency of the microwave
resonator. (See Hayt, J. R., "Engineering .
Electromagnetics®, 1981, p. 472). As shown in Equation
(1), the Q-value of the microwave resonator can be |
increased by reducing the loss power_associated with
factors such as conductor loss, dielectric loss, and.
radiation loss. ' .

Low temperature (T¢), suph as 4 K, superconducting
microwave resonators which employ a superconducting
cavity made of Nb are known to have Q;values from about
106 to 109. '(See V. B. Braginskii, et al: "The
Properties of Superconducting Rescnators on Sapphire",
IEEE Trans. on Magn. Vol. 17, No. 1, P355, 1981, as a
reference.) Although low T Nb microwave resonators
have high Q-values, they must operate at very low
temperatures (below 9 K). These microwéve'resbnators
require use of curved cavity walls. Curved cavity walls




10 superconducting filmon the side which directly contacts dielectric
30. A coupling device is |ocated over the openi ng on surface of the
substrate that does not contact dielectricy30. Figure 11(a)
shows a mcrostrip line coupllng 15 nechanlsn1for coupling of t he

m crowave resonators .of nvention to,an e ectr c circu 0
shown). In Fi guP& Tffgfia é?%%ﬁ%tﬁ?ﬁﬁ e DGR cfcﬁéﬂE ’bfxagﬁési ?n%’
superconducting fil moseteri aare)nditﬂcm ftac profuce. sObsthatath2( hlaad,i s
renote to dielectri Cm%% 029a1 Sudd 'ﬁ%o%it%%&vféragéd%@réfﬁa‘htoﬁx an

el ectronic circult Openi n 'S provi | m 10
on the surface of s&’d§tlF§F§"20"1- “%d’fﬂ ﬁ@%FQCFPFG“Ctin‘BG“ed@’éhNQ%Z
extends through bil mai@ highnQtvaiuesigtsee D. G. Blair, et al: “"High Q

Microwave Properties of a Sapphire Ring Resonator®,
J. Phys. D: Appl. Phys., 15, P1651, 1982.) However, the
problems associated with the far reaching evanescent
fields make them very bulky and vulnerable to

10 microphonic effect, which limits the applications.

The need therefore exists for microwave resonator
made of high T, , such as 77 K, superconductor that have
Q-values comparable to low T, superconducting microwave
resonators made of Nb.

15 EBRIEF DESCRIPTION OF THE DRAWINGS
' Figures 1(a) and 1(b) show a vertical cross section
of superconducting microwave resonator and a holding
device for that resonator.
' Figure 2 is a schematic block diagram of a
20 frequencY'stable elemenﬁ for oscillators that employs
the-micfowave resonator of the invention.

Figures 3(a) and-3(b) show configurations of
filters using superconducting microwavé resonators
according to the invention.

25 Figure 4 shows the QO-values of a superconducting
) nicrowave resonator of the invention that employ
YBaz2Cu30 superconductor and sapphire dielectric.

Figure 5 shows the Q-values of a supeiconducting

microwave resonator of the invention that employs
30 T1BaCaCuO superconductor and sapphire dielectric.

Figure 6 shows the relationship of Q-value of the
resonator to the size of the dielectric.

Figure 7 shows cross sectional views of an
alternative embodiment of a device.for holding the

35 microwave resonators of the invention.
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substrate 20. Qpening 12 does not contact dielectric 25 30 in order to
mnimze the effects of .magnetic fields on dielectric 30. Opening 12 is
parallel .to the | ocal magnetic field. Coupling is achieved by magnetic
field | eakage through opening 12 to line 15. Mcrostrip line 15
extends over opening 12 by a di stance of [6H3]/4, where [err] 30 is the
wavel ength of the radio frequency field at the operating frequency of

t he resonator. Fighirgus estdyd)a seatdcal coppsmaedtiien odupl i ng
mechani sm f or CO“'%' 2 EhﬁmQJ;?{:?éfliﬁ:"%&%SQB@}eésf&é HdWiing thleNMeaibwived 0 an
el ectronic circuit of coplanar lTine coupling is formed by
deposi ting resonator of the invention.

Figure 9 shows a vertical cross section of a

5 further alternative embodiment of a holding device for
the microwave resonators of the invention.

Figure 10 shows a vertical cross section of a
furthef embodiment of & holding device for the microwave
resonators of the invention.

10 Figures 11(a)~11(d) show top views of alternative
eﬁbodiments for coupling the microwave resonators of the
invention to an electronic circuit.

Figure 12 shows a top view of a coupling mechanism
that utilizes dual couplings for coupling the microwave

. 15 resonators of the invention to an electronic circuit.

Figure 13 shows a top view of a coupling of the
microwave resonator of the invention to an electronic
circuit integrated onto the back side of the substrate.
| riQure 14 ‘shows a vertical cross section of an

20 alternative embodiment of the microwave resonators of
the invention. . _

SUMMARY OF THE INVENTION

The invention is directed to high temperature

superconductor-dielectric microwave resonators, to

' 25 holding devices for those resonators, coupling of those
resonators to electronic circuits, and to their methods
of manﬁfacﬁure. The superconducting microwave resonator
of thglihéention employ a superconducting f£ilm on-
substrates positioned on a dielectric. The holdihg

30 _devzces include a variety of configurations, such as, a
spring 'loaded device. The microwave resonators can be
readily. coupled to electronic cifcuits. The
superconducting microwave resonators haveid_values that
‘are as high as low temperature microwave resonators

35 formed of Nb, but operafe at much higher temperature.




14 * superconducting filmmaterial on that surface of substrate 20

that is renote to dielectric 30 to form center line 19 and ground pl ane
21. The coplanar line coupling serves as the lead to an electronic
circuit 5 (not shown). The coplanar |ine coupling extends over

opening 12. Opening 12 is provided by film 10 on the surface of

substrate 20 that contact¥n dicsiordance Bdth the invention, a high
temperature superconducting microwave resonator
comprising a dielectric and a plurality of substrates
bearing a coating of high temperature superconducting
5 material is provided. The substrates are positioned
relative to the dielectric to enable the coating to
contact said dielectric. _
The invention also includes devices for retain;né
the configuration of the superconductiﬁg microwave
10 resonator of the invention. These devices comprise
means to retain the relative positions of the substrate
and the dielectric during use of the microwave resonator
& in an electrical circuit. These devices further
“ cdmprise'means for coupling of the microwave resonator
15 to electrical circuits.

.The invention is further directed to a method for
coupling the superconducting microwave resonator of the
invention to an electric circuit by employing means
positioned on the substrate for transferring

20 elect:omggnetic'energy between the'dielectric of the
superconducting microwave resonator and an electrical
circuit via openings on the superconducting films and
coupling lines. .

The invention is still further directed to passive

25 -devices such as filters that are formed of a plurality
of dielectrics positioned between a plurality of
substrates bearing a coating of high temperature
superconducting material, or wherein the dielectrics and

_ substrates are in alternating positions relative to each
30 other.

=

Having briefly summarized the invention, the
invention will now be described in detail by reference
. to the following specification and non-limiting
35 examples. Unless qtherwise specified, all percentages
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Cpeniné 12 extends through film 10 but not through substrate 20.

Openi ng 12 does not contact dielectric 10 30. I n the copl anar
line coupling of Figure 11(b), center line 19 is short circuited to-
ground pl ane 21. Center line 19 extends across opening 12. Opening 12

Is parallel to the | ocal magnetic field. Coupling is 15 achieved by

magnetic field | eakage thrqugh slgt %ﬁ to center. line, (19
Figure 11(c) showd S‘Xr aedght) pRg ALLFSTRpTAtUnes. AZRi dth ABFESHpl i ng
dielectric 30 to éeltigctronic circuit (not shown). The parallel |ine

coupl i ng i ncl udes 20 gﬁpg%éee!l ShB&s §&%@Pémk&{9&s§§ mi F2BwB I kb Sbndd e
coupling is fornmed b eposi ting superconducting 171 m
and a holding device for that resonator. As shown in
5 Pigures 1l(a) and 1(b), a superconducﬁing microwave
' resonator 100 with cavity 90 is provided in the form of
substrates 20 bearing superconducting film 10
positioned on dielectric 30. Substrate 20 is a single
crystal that has a lattice matched to superconductor
10 £ilm 10. Preferably, substrates 20 are formed of
'LaAlO3, NdGaO3, MgO and the like. '
~ Generally, superconductor £ilm 10 may be formed:
from any hiéh Tc superconducting material that has a
surface resistance (Rg) that is at least ten times less
15 than that of copper at any'specific operating
temperature. T, can be determined by the "eddy current
_method"™ using a LakeShore Superconductor Screening
System, Model No. 7500. Surface resistance of
superconducting film 10 can be measured by the method
20 described in Wilker et al., "5-GHz High-Temperature-
Superconductor Resonators with High Q and Low Power
Depeﬁdence up to 90 K“, IEEE, Trans. on Microwave Theory'
and Techniques, Vol. 39, No. 'S, September 1991,
PP. 1462-1467. Generally, supercondnctorzfilm 10 is .
25 formed from materials such as ¥YBaCuO (123), TlBaCaCuO
(2212 or 2223), T1PbSrCaCuO (1212 or 1223), or the like.
Superconducting £ilm 10 can be deposited onto
substrate 20 by methods known in the art. See, for
example, Holstein et al., "Preparation and
30" Characterization of TlyBazCaCu20g Films on 100 LaAlOs"™,
IEEE, Trans. Magn., Vol. 27, pp. 1568-1572, 1991 and
Laubacher et al., "Processing and Yield of YBazCuzO7-x
Thin Films and Devices Produced with a BaFp; Process"™,
IEEE, Trans. Magn., Vol. 27, pp.'1§18-1421,-1991.
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material on that surface of substrate 20 that is renote to dielectric

30. The parallel line coupling nechani sm serves as the lead to an
el ectronic circuit (not shown). 25 Parall el I%nes 31 and | oop 32 extend
over opening 12. Opening 12 is provided in Tilm10 on the surface of

substrate 20 that contacts dielectric 30. Opening .12 extends through
film10 but not throGemexakbkir &dte tdicknesgpodi A§lm2lfobs Fwrthomange of

'?Ih el ec:1 ric 30. Cigpl o0 ¢t B nﬁ@%@.\;egrg&ksﬂ@g@ PDitdmaEewierbhe! d
llzgijgshg\agm ggcoupl i ng \rq\g%ﬁﬁ‘?ﬁl’%s‘fﬁca uretf"d')rlm%ogsngemﬁﬂvgy rB tf%%f’g‘gsuch
as those used for a $ubserates 20 bezhmimy isupergondudtinhyg. £ils BZhoom in
Figure 11 (d), the 31e5oupki0%ETC AR NRAEY U6 dliPHd GalaceaOBH Laa!
surface of dielectric 30, or, alternatively, low loss
adhesive materials may be employed. Polymethyl
methacrylate optionally may be deposiﬁed onto the
. surface of superconducting film 10 to more firmly bond
10 dielectric 30, as_weii as to protect superconducting
£ilm 10.

Dielectric 30 may be provided in a variety of
shapes. Preferably, dielectric 30 is in the form of
circular cylinders or polygons. Dielectric 30 may be

15 formed of any dielectric material with a dielectric
constant'er>1. Such dielectric materials include, for
example, sapphire, fused quartz, and the like.

Generally, these dzelectric materials have a loss factor
(tan 8) of from 1076 to 10-9 at cryogenic temperatures.
20 The € and tan § of the: dielectric material can be

measured by methods known in the art. See, for example,
Sucher e;'al., "Handbook of Microwave Measurements",
Polytechnic Press, Third Edition, 1963, Vol. III,
Chapter 8, pp. 496-546. o

25 The configuration of the microwave resonator 100,
when in use, is maintained by holding device 25. The
holding device can be any embodiment that maintains the
relative positions of the components of the resonator
during thermal cycling associated with use of the

30 resonator. Figure 1(a) shows a first embodiment of a
holding device that employs spring loading. As shown in
Figure 1(a), the configuration of microwave resonator
100 is maintained by holding device 25. Holding device
25 includes sidewalls 45, bottom plate 50, top lid 60,

35 pressure plate 70, and load springs 80. Load springs




through film 10 of both surfaces of substrate 20. Slots 12 extend

through filns 10 but termnate at the surfaces of substrate 20. Slots
12 on each surface of substrate

7

80 are sufficiently strong to retain the configuration
of the microwave resonator during thermal cycling. Load
springs 80 preferably are formed of nonmagnetic material
in order to prevent disturbing the radio frequency

5 fields in the rescnator to achieve the highest possible
Q-values. Load springs 80 preferably are formed of Be-
Cu alloys.

Parts 45, 50, 60 and 70 of holding device 25 are
made of thermally and electrically conductive materials

10 4in order to reduce radio frequency loss as well as to
enable efficient cooling of resonator 100. Parts 45,
50, 60 and 70 therefore may be formed of, for éxample,
oxygen fired copper, alumihum, silver, preferably oxygen
fired copper or aluminum.

15 The high T superconductor-dlelectric microwave
resonators of the invention are capable of attaining
extremely high Q-values, due in part, to the ability of
substrate 20 bearing £film 10 to pre#ent axial radio
frequency fields from extending beyond the London

20 penetration depth of the superconducting €£iim 10. This
is accomplished where substrates 20 are substantially
greater than the diameﬁer of dielectric 30 so that radio
frequency fields are confined within the cavity region
between substrates 20.

25 The high Q-value superconducting microwave
resonators provided by the invention have a variety of
potential applications. Typically, these resonators may
be employed in applications such as filters, '
oscillators, as well as radio frequency energy storage

30 devices. '

The microwave resonators of the invention also may
be employed as frequency stable elements to reduce the
phase noise for oscillators. - As shown in Figure 2,
_circdit 51 employs a microwave resonator 100 of the

35 invention that is insertéd into a closed feedback loop
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20 may be the sane or different in size. Coupling is 5 achieved by

| eakage of evanescent magnetic field through slots 12.
Coupling of the m crowave resonator also may be achi eved t hrough dual
couplings. Figure 12 shows a dual coupl i n@ nechanismthat utilizes dual

i dentical coupling 10 mcrostrip lines 44(a) and 44(b) that cross slots

f1,2|('c1) 1gnd 1t2§] b% on ]Q:H nbﬁ?f?rﬁiﬁ,z atl%?:) n@ﬂdelaﬁ@tisr.]fier :este P“@fedfﬁeitn-
Irm on al surrac 0 € . Supsit,ra CORLACl S lelectriC
30. ‘Slots 12(a) andpfﬁgﬁft °£It9%ﬂqﬁ%ﬂﬂé§ &Fpéﬁégsﬁrféc%“%fééﬁnﬁﬂﬁ%§ﬁ ©2o0.
Couplings 15 44(a)less 4f(besenatandctisd grpatexdthanecond, tand where

divided i'nto equal tRBOEHLAL IMAGS SE2ehk 218séd(Pdop, as ddfifitedib) pRase
44(b) and | ead lénesﬁ%fgég £9fnf§l§n5mltiple of 2%, then, due to the

extremely high Q-values of the supercohpucting microwave
resonators of the invention, the oscillator can be made
to oscillate at thbe microwave resonator's resonant
frequency to yield lower phase noise in the oscillator.
10 The superconducting microwave resonators of the
invention also may be employed to provide highly stable
frequencies suitable for secondary standards for
frequency'or time. Since the microwave resonator has an
extremely high Q-value and operates at a constant
15 cryogenic temperature, the microwave resonator has a
very stable resonate frequency that makes the resonator
useful for serving as a secondary standard.
The superconducting_hicrowave-resonators of the
~ invention further may be employed as building blocks in
20 passive devices such'as~filtg;s; Examples of such
filters are shown in Figures 3(a) and 3(b). &s
illustrated in Figure 3(a), filter 110 is shown in the
form of a series of dielectrics 30 sandwiched between
substrates 20 bearing'superconducting films 10.
25 Coupling between dielectrics 30 is achieved by the
evanescent fields of dielectrics 30. Coupling of filter
10 to electronic circuits (not shown) can be achieved by
coaxial cable 18 bearing coupling loop 21.
Figure 3(b) shows an alternative embodiment of a
30 filter. As shown in Figure 3(b), filter 120 employs a
series of dielectrics 30. Coupling between dielectrics
30 is achieved by the evanescent fields of dielectrics
30 via openings (not shown) on substrates 20. Coupling

of filter 120 ‘to an electronic circuit (not shown) can

35 Dbe lings 13 can be
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deposi ting superconductive material onto substrate 20. Coupling is
‘achi-eved by | eakage of evanescent magnetic 20 field through slots 12(a)

and 12(b). The dual coupling mechani sm shown in Figure 12 enabl es
sel ective coupling to the TE[err] node af@d suppresses conpeting
el ectromagnetic field nodes that have antisymetri cal magnetic field

distribution. 25 coaxia-EhQ;LBQHPWIQGeM!%Fo%ﬁe&hérﬁﬁyﬁﬂééﬁh alives.
provi de for ease of connectlon

O circuits integrated onto substrate
D0 e shown' (e Fi Gt & Mhersof Fog sapedinenty mloRigRzas A 19k S of
substrate 20 that bhass hiigh Q-ealpesngf mevd anipEycondie) ingdnisSidyave -
Couplings 55(a) 3 b r{@%p?')ﬁ Lk LAY Quctive
filmnpmaterial ontoqgﬁ%§g$§§% %ngéggeg$%ts a q%%§§hibﬂ 155P8E
§ filter so as to make the skirt of the frequency response
curve of the filter steeper.
An additional application of the superconducting,
microwave resonators of the invention is to measure the

surface impedance (Zs) of superconductor materials and
10 the complex dielectric constant & = €' - j&'' of

dielectric materials, where 2Zs and & have been

determined by measurement of fo and Q at two differing

modes in accordance with methods known in the art.
Generally, high'Q-values for the superconducting

15 microwave resonators of the invention may be obtained by
selecting the proper electromagnetic modes to prevent
flow of radio frequency current across the edges of
superconducting films 10. These proper modes are TEpin

. modes where the radial mode index has a value of

20 i=1,2,3,... and the axial mode index has a value of
n=1,2,3,....  All TEqin modes have only circular radio
frequency currents that do not cross the edge of films
10. ,

Having selected the specific electromagnetic mode

25 of the microwave resonator, the Q and the resonant
frequency fo for the microwave resonator can be
calculated by solving Maxwell's Equations £6r the
boundary conditions of the resonator, as is known in the
art. . ‘

30 The loss power associated with parasitic coupling
to low Q-value modes such as non-TEgijn modes or case
modes may be minimized in the microwave resonators of
the invention by assuring that substrates 20 are flat
and parallel to within a tolerance of less than 1°.

35 Loss power also may be minimized by ensuring that the
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12(b)." Slots 12(a) and 12(b) are provided in the superconducting film
(not shown) on that side of substrate 20 that contacts dielectric 30. -

Slots 12(a) 35 and 12(b) extend through the superconductor film but
16 10

. C-axis of anisotropic materials such as sapphire, when
employed as dielectric 30, is perpendicular to substrate
20 to within % 5° preferably 1°.
As also is shown in Figure l(a), microwave
S resonator 100 can be cohpled to an electric circuit
"(not shown) by coaxial cable 18 that includes coupling
loop 21 protruding into cavity 90 of microwave
resonator 100. The orientation of coupling loop 21 and
the depth of insertion of coaxial cable 18 into cavity
10 90 readily can be adjusted to ensure coupling to the
electronic circuit.
In a preferred aspect of the invention,
superconducting film is formed by epitaxially depositing
0.5 micrén-superconducting films of TlsBazCajCuz0 or
15 YBazCu30 on 2 inch diameter substrates of LaAlQj
positioned on :ylindrical'dielectrics of sapphire. The
superconducting film is deposited so that the C-axis of
the £ilm is perpendicular to the surface of the
.substrate. The dielectrics of sapphire typically
20 measure 0.625 inch diameter by 0.276 inch tall, 0.625
inch diameter by 0.552 inch tall, or 1.00 inch diameter
by 0.472 inch tall. The substrates and dielectric are
retained in position by a holding device formed of
oxygen free copper. Coupling of the microwave resonatcr
25 to an elec;rical'circuit can be achieved by inserting
two 0.087 inch diameter copper or stainless steel, 50
‘'ohm coaxial cables with coupling loops made of extended
inner conductor into the cavity of the resonator. The
surface of the coupling loops is perpendicular to the
30 wvertical axis of the sapphire dielectric to enable
selective coupling to the TEgy; (i=1, n=1)'hode of the
dielectric.
The Q values of the above described microwave
resonators, when employing YBasCu30 as the

35 superconducting film, are shown in Figure 4. As shown




termnate at the surface of substrate 20. Coupling is achi eved by
| eakage of magnetic field through slots 12(a) and-12(b).
Integration of circuits onto substrate 20 as shown 5 in Figure 13 may be
achieved by well known thin film printed_circuit technology. If the

circuit is a hybrid circuit that enploys}lfor exanpl e, transistors,
then the . transistors can be integrated into the circuit by

conventional wre borEigure ¥ Q valupsgafeS ImikHeons dnSapddihari \and

embodi ment of the 0.25 LA UG! iFBlnl &F OVEMSe FRS R @ af.2tRe 20ent i on
that is retained by hol ' '

with a dielectric BBﬂs?%lrF{]'gr{jﬁ,eq\gqccgéilyestﬁQ%Whéﬁ%{ﬁs (?Ee?‘g‘(r?'?#élv%(r)l 2?: o
i nserted between described microwave resonators, when employing
5 TlsBazCajCu20 as the supeiconducting film, are shown in
Figure 5.. As shown in Figure 5, Q values of 6 million,
3 million, and 1.3 million are found at temperatures of
20 K, 50 K, and 77 K, respectively.
The dependence of Q values of the above described

10 microwave resonators that employ Tl2BasCajCu20 as the
superconductihg £ilm on the size of the sapphire
dielectric is shown in Figure 6. As shown in Figure 6,
the Q'values increase from 3 million to 6 million with
increasing size of the sapphire dielectric.

15 Device 25 shown in Figure 1(a) that employs spring
loading is only illustrative. Other means for-ﬁolding
microwave resonator 100 are shown below.

Figures 7(a) and 7(b) show an alternative
embodiment for holding the mic:owave'reSQnators of the

20 invention. As shown in Figure 7, the microwave '
resonator is held by holding device 27. Device 27 is
indentical to device 25 except that, as shown in Figure
7(a), spring loaded holding device 27 employs three
dielectric rods 35 positioned 120° relative to each

25 other to further support dielectric 30. Dielectric rods
35 are inserted throﬁgh’side walls 47 of holding device
27 into cavify 95. Dielectric rods 35 have a low loss
and a dielectric constant less than that of dielectric
30. The tips of rods 35 are pointed to minimize contact

30 area with dielectric 30 to minimize loss power.

A further embodiment of a device for holding the
microwave resonators of the invention is shown in Figure
8. As set forth in Figure 8, the microwave resonator is
retained in position by holding device 28. Holding

35 device 28 is identical to holding device 25 except for
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15 dielectric 30 and superconducting film 10. R ngs 61, by pl aci ng

dielectric 30 further from superconducting film 10, enable the

m crowave resonator to handle greater power |evels. From t he
foregoing description, one skilled in the 20 art can easily ascertain the
essential characteristics of this invention, and w thout departing from
the spirit and scope thereof, can nmake various changes and

nodi fications of the invention to adapt if2to various uses and

conditions. 25

the additional use of retainer 77. As shown in Figure 8,
substrate 20 bearing. superconducting £ilm 10 is
positioned on bottom-plate 50. Dielectric 30 is
positioned on substrate 20. Retainer 77 is .positioned

5 about dielectric 30. Retainer 77 contacts sidewalls 45
_and superconducting film 10 on substrate 20. Retainer 77
. and side walls 45 have openings for receiving coaxial
cables 18. Cables 18 have loops 21 for coupling of the
resonator to an electric circuit(not shown). Retainer 77

10 is formed of materials that have low dielectric constant
of nearly 1 and low tan §of <10-4. As shown in Figure 8,
retainer 77 is hollow, and is solid near sidewalls 45
where the electrical fields are minimum. The wall
thickness of retainer 77 is minimized to reduce the

15 .contact area between retainer 77 and dielectric 30 to
minimize loss power.

Still yet another embodiment of a holder device fer
the microwave resonators of the invention is shown in
Figure 9. Holding device 29 shown in Figure 9 is

20 identical to holding device 25 except for the use of
additional dielectric €5. As shown in Figure 9, cavity"
91 between dielectric 30.and the interior surface of
sidewall 45 of device 25 is filled with dielectric
material 65. Dielectric material €5 has a tan Sof less

25 than 10-5. 'Examples of dielectric material €5 include
styrofoam, porotic teflon, and the like.

Figure 10 shows a further embodiment of a holding
device suitable for use with the superconducting
miérowave resonators of the invghtion. Holding device

30 24 shown in Figure 10 is identical to holding device 25
except for additional use of lLiolding pins 71. As shown
in Figure 10, pins 71, formed of low tan Sdielectric
materials such as sapphire, quartz, polymers,
polytetrafluoroethylene ("teflon"), "Delrin", registered

35 trademark of E. I. du Pont de Nemours and Company, and
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the like are inserted into substrate 20 bearing
superconducting film 10 and into dielectric 30.

Figures 11(a) to 11(d) show alternative embodiments
for coupling of the microwave resonators of the
invention to an electronic circuit (not shown).
Generally, the embodiments shown in Figures 11(a)-11(c)
entail use of substrates that bear superconducting films

" on the surfaces of the substrate that directly contacts

dielectric 30. Openings are provided on the
superconducting film on the side which directly contacts
dielectric 30. A coupling device is located over the
opening on surface of the substrate that does not
contact dielectric 30..

Figure l11(a) shows a microstrip line coupling
mechanism for coupling of the microwave resonators of
the invention to an electronic circuit {not shown). 1In
Figure 11(a), microstrip line 15 is formed by depositing
superconducting film material on that surface of
substrate 20 that is remote to dielectric 30.
Microstrip line 15 serves as the lead to an electronic
circuit (not shown). Opening 12 is provided in film 10
on the surface of substrate 20 that contacts dielectric
30. Opening 12 extends through film 10 but not through
substrate 20. Opening 12 does not contact dielectric
30 in order to minimize the effects of magnétic fields
on dielectric 30. Opening 12 is parallel to the local
magnetic field. Coupling is achieved by magnetic field
leakage through opening 12 to line 15. Microstrip line
15 extends over opening 12 by a distance of A/4, where A
is the wavelength of the radioc frequency field at the
operating frequency of the resonator.

Figure 11(b) shows a coplahar line coupling
mechanism for éoupling_the microwave resonators of the
invention to an electronic circuit (not shown). The
coplanar line coupling is formed by depositing

— e e,
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17 ) What

is clained is: 5 1. A high tenperature
super conducti ng m crowave
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superconducting film material on that surface of
substrate 20 that is remote to dielectric 30 to form
center line 19 and ground plane 21. The coplanar line
coupling serves as the lead to an electronic circuit
(not shown). The coplanar line coupling extends over
opening 12, Opening 12 is provided by film 10 on the
surface of substrate 20 that contacts dielectric 30.
Opening 12 extends through film 10 but not through
substrate 20. Opening 12 does not contact dielectric
30. ' .

In the coplanﬁr line coupling of Figure 11(b),
center line 19 is short circuited to ground plane 21.
Center line 19 extends across opening 12. Opening 12
is parallel to the local magnetic field. Coupling is
achieved by magnetic field leakage through slot 12 to
center line 19,

Figure 11(c) shows a parallel line coupling
mechanism for coupling dielectric 30 to an electronic
circuit (not shown). The parallel line coupling includes
parallel lines 31 and loop 32. The parallel line
coupling is formed by depositing superconducting film
material on that surface of substrate 20 that is remote
to dielectric 30. The parallel line ¢oupling mechanism
serves as the lead to an electronic. circuit (not shown).
Parallel lines 31 and loop 32 extend over opening 12.
Opening 12 is provided in film 10 on the surface of
substrate 20 that contacts dielectric 30. Opening 12
extends through £ilm 10 but not through substract 20.
Opening 12 does not contact dielectric 30. Coupling is
achieved by leakage of magnetic field through opening 12
which is captured by loop“32.

Figure 11(d) shows a coupling mechanism useful for

icrowave resonators such as those used for a filter as
shown in Figure 3(b). As shown in Figure 11(d), the

ccupling mechanisn emploYs identical, congruent slots 12




resonator conprising a dielectric.and a plurality of substrates bearing
a coating of high tenperature super conducting material, wherein said
substrates are positioned relative to said dielectric to enable said 10
coating to contact said dielectric. 2. The high tenperature
super conducting m crowave resonator of*¥aim 1 wherein said dielectric
Is selected fromthe group of sapphire and quartz. 15 3. The
hi gh t enper at ur echgyate FidacdPnginbetbwevrfaces rafs guhishirasie @0ai nfRowherein

said dielectricC i® extentPRMHouh films 10 but terminate at the surfaces
of substrate 20. Slots 12 on each surface of substrate
20 may be the Same or different in size. Coupling is
5 achieved by leakage of evanescent magnetic field through
slots 12.

. Coupling of the microwave resconator alsc may be
achieved through dual coﬁplings. Figure 12 shows a dual
coupling mechanism that utilizes dual identical coupling

10 microstrip lines 44(a) and 44(b) that cross slots
12(a) and 12(b) on f£ilm 10. Slots 12(a) and 12(b)
are provided in film 10 on that surface of the substrate
20 that contacts dielectric 30. Slots 12(a) and 12(b)
terminate at the surface of substrate 20. Couplings

15 44(a) and 44(b) are connected by lead line 41 that is
divided into equal length branches 42(a) and 42(b).
Lines 44(a) and 44(b§ and lead line 41 are formed by
depositing superconductive material onto substrate 20.
Coupling is achieved by leakage of evanescent magneiic_

-20 field through slots 12(a) and 12(b). The &ual coupling
mechanism shown in Figure 12 enables selective coupling
to the TEpy1 mode and suppresses competing
electromagnetic field modes that have antisymmetrical
magnetic field distribution.

25 The coupling mechanisms of the invention also
provide for ease of connection to circuits integrated
onto substrate 20. As shown in Figure 13, a circuit is
integrated onto the side of substrate 20 that bears
coupling mechanisms 55(a) and 55(b). Couplings 55 (a)

30 and 55(b) may be formed by depositing superconductive
film material onto substrate 20 over slots l12(a) and
12(b). Slots 12(a) and 12(b) are provided in the
superconducting film (not shown) on that side of
substrate 20 that contacts dielectric 30. Slots 12(a)

35 and 12(b) extend through the superconductor film bu:
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20 ' 4. The high tenperature superconducting m crowave resonat or
of Claim1l wherein said substrates are single crystals that are lattice-
mat ched to said superconducting nateri al . 25 5. The high

t enper at ure superconducting m crowave resonat or of Claim4 wherein

said substrates are selected fromthe group of LaAlJerr], Nd&(J err]

and MO terminatit atl Ylel SUPLAAL WL SUHRRNHGRRIVELT NGolbsiRYaYE
achieved by leakage of magnetic field through slots
12(a) and 12(b).

Integration of circuits onto substrate 20 as shown
5 in Figure 13 may be achieved by well known thin film
printed circuit technology. 'If the circuit is a hybrid
circuit that employs, for example, transistors, then the
transistors can be integrated into the circuit by
conventional wire.bonding.

10 Figure 14 shows an alternative embodiment of éhe
superconducting microwave resonator of the invention
that is retained by holding device 25. As shown in
Figure 14, rings 61 with a dielectric constant much less
than that of dielectric 30 are inserted between

15 dielectric 30 and superconducting f£ilm 10. Rings 61,
by placing dielectric 30 further'from superconducting
film 10, enable the microwave resonator to handle
greater power levels.

From the fpregoing description, one skilled in the

20 art can eaéily ascertain the esSenti;l characteristics
of this invention, and without departing from the spirit
and écope thereof, can make various changes and
modifications of the invention to adapt it to various

uses and conditions.
25

30

o e




30 resonator of Claim1 wherein said superconducting

surface resistance at |least ten tines | ess than copper.

material has a

7. The high tenperature superconducting m crowave 35 resonator of Claim®6

wher ei n sai d superconducting

17
CLBIMS
¥What is claimed is:
5 l. A high temperature superconducting microwave

resonator comprising a dielectric and a plurality of
substrates bearing a coating of high temperature
supercondﬁcting material, wherein said substrates are
positioned relative to said dielectric to enable said

10 coating to contact said dielectric.

2.' The high temperature superconducting microwave
resonator of Claim 1 wherein said dielectric is selected

from the group of sapphire and quartz.

15 .

3. The high temperature superconducting microwave
resonator of Claim 2 wherein said dielectric is
sapphire. '

20 4. The high temperature superconductihg microwave
resonator of Claim 1 wherein said substrates are single
crystals that'are lattice matched to said
superconducting material.’

25 S. The high temperature superconducting microwave

resonator of Claim 4 wherein said substrates are
selected from the group of LaAlO3, NdGaO3 and MgO.

6. The high temperature superconducting microwave
30 resonator of Claim 1 wherein said superconducting
material has a surface resistance at least ten times

less than copper.

7. The high temperature superconducting microwave

REPLACEMENT SHEET
20NED 1994

35 resonator of Claim 6 wherein said superconducting
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18 ~ material is selected fromthe group of YBaCuO (123),
T1BaCaCu(Q(2212), TI BaCaCuQ(2223), Tl PbSrCaCu(Q(1212). or

TI PbSr CaCu(( 1223) . 5 8. The high tenperature superconducting
m cr owave resonator of Claim1l further casprising dielectric rings
positi oned between said dielectric and said substrate. 9. A

filter conprising gapLif@ 14y Al eltdle®ErlohCEne group of vBacuo (123),

T1BaCaCu0(2212), TlBaCaCu0(2223), TlPbSrCaCu0O(1212) or
T1PbSrCaCu0(1223).

5 8. The high temperature superconducting microwave
resonator of Claim 1 further comprising dielectric rings
positioned between said dielectric and said substrate.

9. A filter comprising a plurality of dielectrics
10 positioned between a plurality of substrates bearing a
coating of high temperature superconducting material,
Ll wherein said substrates are positioned relative to said
dielectric to enable said coating to contact said

dielectric.
15
10. The filter of Claim 9 wherein said dielectrics
and said substrates are in alternating positions
relative to each other.
20 11. A device for retaining the configuration of a

superconducting microwave resonator, said microwgve
resonator comprising a dielectric and a plurality of
substrates beering a coating of high temperature
superconducting material, Qherein-said substrates are

25 positioned relative to said dielectric to enable said

o coating to contact said dielectric,
said device comprising mgans to retain the relative

positions of said substrate and said dielectric during

use of said microwave resonator in an electrical
30 circuit.

12. The device of Claim 11 wherein said device if
formed of conductive materials selected from the group
of copper, aluminum, silver.

RO O AN o




10 positioned between a plurality of substrates bearing a coating of
hi gh tenperature superconducting nmaterial, wherein said substrates are
positioned relative to said dielectric to enable said coating to
contact said dielectric. 15 1019 The filter of Claim9 wherein
said dielectrics and said Substrates are in alternating positions

relative to each otherq v;cLlof élgfﬁlff*&ﬁgréfﬂzgdlhnﬂeéﬂg.is

confi gur at ion of a SU er COI’] ucting m crowave resonator sal m cr owave

resonator conpri sPRELRE%IAEEY °E BAB Haﬁﬁ%ﬁ¥ﬂ|W%F

14. The device of Claim 11 wherein said device
5 includes an additional dielectric material between said
substrate and said dielectric of said microwave
resonator, wherein said dielectric material is different
from said dielectric of said microwave resonator.

10 15. The device of Claim 11 wherein said device
further comprises a retainer positioned between said
substrates and contacting said dielectric.

16. The device of Claim 11 further comprising a
15 coupling means for transferring electromagnetic energy
between said-dielectric to an electrical circuit.

17. The device of Claim 16 wherein said coupling
means comprises a coaxial cable with coupling loops
20 formed of extended inner conductor of said cable, said
cable positioned between said substrates of said
microwave resonator.

18. The device of Claim 13 wherein plurality of
25 spaced rods of dielectric material contact said
dielectric of said microwave resonator, wherein said
dielectric material of said rods is different from said
dielectric of said microwave resonator.

30 19. A method for coupling a superconducting
~microwave resonator to an electric circuit, said
resonator comprising a dielectric and a plurality of -
substrates bearing a coating of high temperature
supérconducting material wherein said substrates are
positioned relative to said dielectric to enable said

[0}
on
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substrates bearing a coating of high tenperature super conducti ng
material, wherein- said substrates are 25 positioned relative to said
dielectric to enable said coating to conpgct said dielectric,

sai d device conprising neans to retain the relative positions of said

substrate and said dielectric durin se, of said nj crowaye resonator
in an el ectrical 30°Q3%iRf (o contact saidlé?eﬁ?ﬁfféknﬁig<ﬁ£e5FéPn§i§8mherein
said device if stiostmeatex heoredatt leastuorei cpenivg ddeseinr Sart PRSP

of copper, alum num;gilV¥&kagnetic fields generated by said dielectric,

said method comprising employing a means positioned on
5 said substrate for transferring said electromagnetic

fields passing through said at least one opening to an
electrical circuit.

20. The method of Claim 19 wherein said means is a
10 microstrip line.

21. The method of Claim 19 wherein said means is a
coplanar line. '

15 22. The method of Claim 19 wherein said means is &
parallel line.

20

25

30

35




13. The device of Claim 1l wherein said neans is springs forned of non
magnetic nmateri al

21

AMENDED CLAIMS

[received by the International Bureau on 23 April 1993 (23.04.93);

10

15

20

25

30

original claim 10 cancelled; original claim 9 amended;
other claims unchanged (1 page)]

material is selected from the group of YBaCuO (123),

T1BaCaCu0(2212), T1BaCaCuO{2223), T1PbSrCaCu0(1212) or
T1PbSrCaCu0 (1223) .

8. The high temperature superconducting microwave
resonator of Claim 1 further comprising dielectric rings
positioned between said dielectric and said substrate.

9. A filter comprising a plurality of dielectrics
positioned between a plurality of substrates bearing a
coating of high temperature superconducting material,
wherein said substrates are positioned trelative to said
dielectric to enable said coating to contact said
d&electric, and said dielectrics and said substrates are
in alternating positions relative to each other.

11. A device for retaining the configuration of a
superconducting microwave resonator, said microwave
resonator comprising a dielectric and a plurality of
substrates bearing a coating of high temperature
superconducting material, wherein said substrates are
positioned relative to said dielectric to enable said
coating to contact said dielectric,

said device comprising means to retain the relative .
positions of said substrate and said dielectric during

use of said microwave resonator in an electrical
circuit.

12. The device of Claim 11 wherein said device if

formed of conductive materials selected from the group
of copper, aluminum, silver.

* [ L M S *



14. The device of Caim1ll wherein said device 5 includes an additional
dielectric material between said substrate and said dielectric of said
m cr owave resonator, wherein said dielectric naterial is different
fromsaid dielectric of said mcrowave resonator. 10 15. The
device of Caim1ll wherein said device further conprises a retainer
positi oned between said substrates and contacting said dielectric.

16. The device of Claim1ll further caaprising a 15 coupling neans for
transferring el ectromagneti c energy

ABSTRACT

HIGH-TEMPERATURE SUPERCONDUCTOR-DIELECTRIC RESONATOR

The invention is directed to superconducting microwave resonator, to holding devices for
those resonators, and to their methods of manufacture. The superconducting microwave
resonators employ a superconducting film on substrates positioned on a dielectric. The
holding devices include a variety of configurations, such as, a spring loaded device. The
superconducting microwave resonators have Q values of as high as microwave resonators

formed of Nb, but operate at much higher temperature.

Fig. la




bet ween said-dielectric to an electrical circuit. 17. The device

of Claim 16 wherein said coupling means conprises a coaxial cable with
coupling |l oops 20 formed of extended inner conductor of said cable, said
cabl e positioned between said substrates of said m crowave resonator.
18. The device of Caim 13 wherein pluraldi4y of 25 spaced rods of
dielectric material contact said aﬂgnettric of said m crowave
resonat or, wherein said di el ecix bcmaterial of said rods is different
from sai d FJICG. f(] o5
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dielectric of said mcrowave resonator. 30 19. A nethod for
coupling a superconducti ng m crowave resonator to an electric circuit,
sai d resonator conprising a dielectric and a plurality of
substrates bearing a coating of high tenperature super conducti ng
material wherein said substrates are positioned relative to said
dielectric to enable said 2/11

110
21\[ |- ] 1 | [ T ! 21
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FIG.3b
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20 coating to contact said dielectric and wherein said substrates
have at | east one opening therein for passing el ectromagnetic fields
generated by said dielectric, sai d net hod conprising enploying a neans
positioned on 5 said substrate for transferring said el ectromagnetic
fields passing through said at | east one opening to an = electrical
circuit. 20. The nethod of d ai %/h ﬁ/nerei n said neans is a
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10 microstrip line.
means is a

copl anar Iine. 15 22. The net hod of -c-aim 19 _
wherein said nmeans is a paral l el I|ine. ishsp:ffV”*” -
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material is selected fromthe group of YBaCuO (123),

T1BaCaCu(Q(2223), T1PbSrCaCuQ(1212) or Tl PbSr CaCuQ(1223) 7 o5 oSy
The hi gh tenperature superconducting m crowave r esonéat-or - of
further conprising dielectric rings posi ti oned betwge

T1BaCaCuQ(2212),

~y e

sai d di eTect

and said substrate. 9. Afilter conprisingfa]pl2nardwogf

dielectrics 10 positioned between a pl uraIB éaqi substpates bearing a

coating of high tenperature superconducting

ial,
substrates are positioned relative to said

cai omiERT

7

FIG.11a

FIG.11b




dielectric to enable said coating to contact said dielectric, and said.
dielectrics and said substrates are 15 in alternating positions relative .~
to each other. 11. A device for retaining the ¢configuration of
a super conducting m crowave resonator, said nicrowave : ! resonator
conprising a dielectric and a plurality of 20 substrates bepring. a. .coating
of high tenperature super conducti ng ng??wlql, mhereingsgigu§yp§trates
are positioned relative to said diele it'to enable said “coati'ng
to contact said dielectric, sai d device conpri sihg-eans. 10,
retain the relative 25 positions of said substrate and said dielectric

during FIG.11C

12

20

.......
-
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use bf 'said mcrowave resonator in an el ectrical circuit.
12. The device of Claim 11l wherein said device if 30 for‘P‘EFl"ﬁ;[*"CDﬁdﬂC‘ e
materials selected fromthe group of copper, al um nu i Vist ] vEeN th_;_i;
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