WD 97/ 44852
PCT/ US97/ 08411 TI TLE RESONATORS FOR H GH PONER HI GH TEMPERATURE
SUPERCONDUCTI NG DEVI CES 5 Background O The Invention This invention is

directed to TMerr] node (i =1, 2, 3, ...) circular and pol d

pl anar hi gh tm%f‘aﬁsare super conduct or resonators having a h%&gﬂ!‘?gﬁmg
center thereof, and their applications to high tenperature superconducting
filters. filter banks and nultiplexers. 10 qyrgjger banks and nultipl exers

are widely used in tel econmuni cati Qps as ch"""n"'e‘*l i zers, Wwhich separate or
conbi ne the inconing signals accor%%ﬁ"ﬁ?@ﬁ&"r W’gcﬂ}%’d’m es. The basic

bui |l di ng bl ock of filters barfcudePEaATURE SHPERGONIBICTING PEWICES Whi ch
conprises a nunber of resonators as the frequency selecting elenment. For 1

5 appl i cations inBteI eco lca iont,_ the filters need to have narrow

bandw dt h. accurate n BHLw i nsertion loss in the in-band,

hi gh rejection in tMbisinvention is directed to TMgjo mode (i =1, 2, 3, ...) circular and polygon
shaped planar high temperature superconductor resonators having a hole in the

center thereof, and their applications to high temperature superconducting filters.
filter banks and multiplexers.

10
Filter banks and multiplexers are widely used in telecommunications as
channelizers, which separate or combine the incoming signals according to their

~ frequencies. The basic building block of filters banks and multiplexers is a filter.

which comprises a number of resonators as the frequency selecting element. For

15  applications in telecommunication. the filters need to have narrow bandwidth,
accurate center frequency, low insertion loss in the in-band, high rejection in the
off-band, steep skirts at the edges of the in-band, compact size and high power
handling capability. Conventional filters made from normal conductors are not
well suited for telecommunication uses because of the high loss in the normal

20  conductors.

High temperature superconductors (HTS) planar filters have been made with
excellent performance at low power. See Zhi-Yuan Shen, High Temperature
Superconducting Microwave Circuits. Artech House, Boston, 1994, p. 113. While

25 these HTS planar filters have utility in receivers. due to their very limited power
handling capability, they are not well suited for use in transmitters. For '
application in transmitters, the filters must handle power ranging from ten waitts to
hundreds of watts. In commonly assigned, caopending application no. 08/439,402,
filed May 11. 1995, we disclose TM(j0 mode (i = 1. 2, 3, ...) circular and polygon

30 shape HTS filters, filter banks and multiplexers which are capable of handling
more than 100 watts of transmitting power.

The center frequency accuracy is another important requirement, particularly for a
narrow band filter. This is especially true for the filters in the so called

35 "contiguous" multiplexer, such as that described in Zhi-Yuan Shen, supra at page
120, and in a multi-pole filter, where loss of center frequency accuracy will
severely degrade performance. Unfortunately, the frequency of HTS resonators in
a filter may deviate from the design value due to circuit fabrication tolerances and
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The center frequency accurgcy_ iS ang r i mportant requirenent, .
particul arly for aPliiss (GNP B"‘f"?“lef'ésrQn?wglﬁ?‘gbeé‘gﬁé@ﬁ%ﬁ"&mﬁ?‘ﬁ‘@“f- drertgine
filters in the so tgpd dfefilters, such as the "elliptical frequency response” bandpass filter, require
"jump-over" coupling, that is, coupling between resonators that are spaced from
10  each other by one intermediate resonator.

Summary Of The Invention
Basically speaking, the invention comprises TM(j0 mode planar high temperature
superconductor resonator, where i is a whole integer 21, comprising a shaped high
15 temperature superconductor film and at least one high temperature superconductor
ground plate deposited on opposite sides of at least one dielectric substrate;
wherein the shaped high temperature superconductor film has an aperture in the
center thereof and has a shape selected from the group consisting of a circle and a
polygon. In a microstrip line form embodiment, the resonators comprise a single
20 ground plate and a single dielectric substrate. In a strip line form. two substrates,
each having a ground plate deposited thereon, are used and the shaped high
temperature superconductor film is sandwiched between the substrates to form
resonator having a ground plate/substrate/HTS film/substrate/ground plate

structure,

25
The resonators are particularly useful in frequency tuning, that is, changing the
resonator frequency to optimize the performance of the filter and in providing
jump-over coupling between next-to-adjacent resonators for filters with elliptical
frequency respohse.

30

Brief Description Of The Drawings

Figure 1(a) - 1(b) are schematic illustrations of an embodiment of the TMoj0

mode (i =1, 2, 3, ...) planar resonator of this invention in the microstrip line

configuration, in which Figure 1(a) shows the front view and Figure 1(b) shows
35  the cross sectional view.

Figure 2(a) - 2(c) are graphic representations of the current and the magnetic field
distributions of the resonators of this invention operating in the TM(10 mode ,

2



35 "contiguous" nultiplexer, such as that described in Zhi-Yuan Shen,
supra at page 120, and in a nmulti-pole filter, where | oss of center
frequency accuracy will severely degrade performance. Unfortunately, the
frequency of HTS resonators in a filter may deviate fromthe design val ue
due to circui tWPEHMEEhtion tol erances and WO 97/ 44852 PCT/USH7/08411
PCT/ US97/ 08411 the uncontroll able variations in the substrate such as the

t hi ckness changes orphyi @@gﬂpﬁ(l Y mothbas Sk , [ al . In
comonl y assi gned, cQ Ee)%\?j{%ﬁgfilfp |§%\ T'on ﬁg'm“ﬁ‘é@%}'%e’ F%F%eng)p\?onrl 'BH%, 5
1994 we di scl ose pl a2k "FRSUY§ -t ers in a "stacked fornt, in which the

I ndi vi dual HTS resonators are stacked vertically and coupl ed via holes or

slots in the ground 5L ' . . ] i bet n
adj acent resonators. ﬂ%‘f:-rgtg g‘i) ngfg%,lgf)&?h? %ﬁ?@%ﬂogigfﬁﬂgé%eﬁgwé%qﬁarﬁ"?%%ﬁ&d
frequency response” HisHAbyons ok4 typigsl pripeatt fircular-shape resapator. operating inghe ¢ hat i s,
coupl i ng bet ween resBvalemede HEM0Xrmodspand §M (30 mmde as shown in Figure 3(a), Figure

3(b), and Figure 3(c), respectively.

Figure 4(a) - 4(b) are schematic illustrations of another embodiment of the
10  resonator of this invention in the strip line configuration, in which Figure 4(a) -
shows the A-A cut view and Figure 4(b) shows the cross sectional view.

Figure 5(a) - 5(b) are schematic illustrations of an octagon shape HTS planar
resonator of this invention in the microstrip line configuration, in which Figure
15  5(a) shows the front view and Figure 5(b) shows the cross sectional view.

Figure 6(a) - 6(b) are schematic illustrations of another embodiment of the

octagon shape resonator of this invention in the strip line configuration, in which

Figure 6(a) shows the A-A cut view and Figure 6(b) shows the cross sectional
20 view.

Figure 7(a) - 7(c) are schematic illustrations of a 3-pole HTS filter having a

TM010 mode resonator of this invention as a frequency tuning device, in which

Figure 7(a) shows the front view, Figure 7(b) shows cross sectional view, and
25  Figure 7(c) shows the back view.

Figure 8(a) - 8(f) are schematic illustrations of a 3-pole HTS filter in the stacked
form having a TM(10 mode resonator of this invention for jump-over coupling’
between non-adjacent resonators, in which Figure 8(a) shows the cross sectional

30 view, and Figure 8(b), 8(c), 8(d), 8(¢), and 8(f) show the B-B, C-C, D-D, E-E, and
F-F cut views, respectively.

Figure 9(a) -9(b) are schematic illustrations of a high power 3-pole HTS filter
having a TM(10 mode resonator of this invention as a frequency tuning device, in
35  which Figure 9(a) is a front view thereof and Figure 9(b) is a back view thereof,

Figure 10 is a graph of the S»; versus frequency response curves for the HTS filter
of Figure 9(a) -9(b) at six different transmitting power levels.



1 0 each other by one internediate resonator. Summary O The Invention
Basi cal | y speaking, the invention conprises TMerr] node planar high

t enper at ure superconductor resonator, where i is a whole integer [err]1,
conprising a shaped high 1 5 t enper ature superconductor filmand at | east
one hi gh t erwpesmdsssze super conductor ground pl ate deposit ed PERUSHIN§4NLt e
sides of at |least one dielectric substrate; wherein the shaped high

t enperature superconductor filmhas an aperture in the center thereof and
has a shape selected fromthe group consisting of a circle and a pol ygon.

In a mcrostrip | peRiltdDeéaceipkion ofElé Embbdinicagonat ors conpri se a single 20
ground pl ate and | | gl | t Gel.. | m two
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useful in frequenc uni ng, at_ i's, changlin e
film. The aperture can be circular or polygonal and need not be the same shape as

the HTS film. The term "circular" as used herein is not to be understood to

require a perfect circle. Rather, imperfect circles; that is, circles in which
10 differences in the diameter of the circle are less than 1%, are also included.

Similarly, the term "polygon" is to be understood to mean any equal side and

equal angle polygons having at least five sides.

With reference being made to Figure 1, one embodiment of a resonator of this

15 invention is illustrated schematically and comprises a circular HTS film 21 having
a central aperture 24 therein and an HTS ground plate 23 deposited on opposite
sides of a substrate 22. The HTS materials used for the HTS film and the HTS
ground plate are preferably selected from high temperature superconductors with a
transition temperature greater than 80°K and a conductivity one hundred time

20 greater than pure copper. YBa;Cu304.5, TlhBa;CaCuyOg and '
(T1,Pb)Sr;CazCuzO9 most preferred as the HTS materials of choice. The substrate
may be any dielectric substrate commonly employed in HTS devices. Most
preferred are dielectric materials with a loss tangent less than 10-3.

25  With reference now being made to Figure 2, illustrated therein are graphic
representations of the radial direction current Jp and the circular direction
magnetic field H¢ as functions of the radial distancc p from the center of the
resonator of this invention operating in the TM10 mode (Figure 2(a)), TM(20
mode (Figure 2(b)), and TM(30 mode (Figure 2(c)).

30 _

Circular planar HTS TMgjo mode resonators, where i is a whole integer 2 1, are
known in the art. Figure 3(a) - 3(c) are graphic representations of the radial
direction current Jp and the circular direction magnetic field H¢ as functions of
the radial distance p from the center of a typical circular HTS resonator of the

35  prior art operating in the TM010 mode , TM(20 mode, and TM(30 mode, shown
in Figure 3(a), Figure 3(b), and Figure 3(c), respectively. By comparing the Jp,
Hg versus p curves in Figure 2 to those in Figure 3, it can be seen that the
resonators with a central aperture (Figure 2) have a region corresponding to the



resonat or frequency to optimze the performance of the filter and in

provi di ng junp-over coupling between next-to-adjacent resonators for
filters with elliptical frequency response. 30 Brief Description O The
Drawi ngs Figure 1(a) - 1(b) are schematic illustrations of an enbodi nent of
the TMerr] mweeondsssz 1, 2, 3, ...) planar resonator of thi sPFRYSHIBYL in
the mcrostrip line configuration, in which Figure 1(a) shows the front
view and Figure 1(b) shows 35 ..the.cr sectional. . view FEigure 2(a).-
2(c) are graphic reﬁ?’ﬁ‘?g?ﬁcét’t'ﬁedﬂgé‘df frpe o (e 1950 %&°9%§%dﬁﬁ?§wf?é§’ﬁgf?‘é°ﬁg@%t&

di stributions of thdéeldsswsaniined withintth¢ HTS pettsm-i on operating in the TMerr]
node, 2 WD 97/ 44852

PCT/ US97/ 08411 Figure 4(a) - 4(b) show another embodiment of the circular resonator in the strip

5 line configuration. As seen therein, the resonator in this embodiment comprises a
circular HTS film 31 having a central aperture 34 therein sandwiched between
substrates 32a, 32b, each substrate further comprising an HTS ground plate 33a,
33b, respectively.

10 Figure 5(a) - 5(b) illustrate an embodiment of the resonators of this invention,
wherein an octoganal HTS film 51 having an octoganal central aperture 54 therein
and an HTS ground plate 53 are deposited on opposite sides of a substrate 52.

Yet another embodiment of the resonators of this inventioon are shown in Figures

15  6(a) and 6(b). In this embodiment, also in strip line configuration similar to the
embodiment shown in Figures 4(a) and 4(b), the resonator comprises an octogonal
HTS film 61 having an octogonal aperture 64 therein sandwiched between two
substrates 62a and 62b, each substrate 62a, 62b having an ground plate 63a, 63b,
respectively, deposited thereon.

20
Figure 7 illustrates a TM(1( mode HTS high power 3-pole filter incorporating a
resonator of this invention therein. As seen in Figure 7, the 3-pole filter comprises
a substrate 70 having a plurality of HTS films 72a, 73, 72b deposited on one side
thereof and an HTS ground plate 71 deposited on the opposite side thereof (see

25  Figure 7(b)). In the embodiment shown, films 72a and 72b represent prior art
circular HTS resonators and film 73, having central aperture 74 therein. represents
a resonator of this invention.

With particular reference to Figure 7(c), the input coupling circuit for the filter

30 comprises an opening 75a in the ground plate 71 to provide room for the
remaining coupling circuits, an input center line 76a in the coplanar line form, and
a branch line 77a coupled to resonator 72a. The output coupling circuit comprises
an opening 75b in the ground plate 71 to provide room for the remaining coupling
circuits, an output center line 76b in the coplanar line form, and a branch line 77b

35 coupled to resonator 72b. The inter-resonator coupling circuits comprises two
openings 78a and 78b in the ground plate 71, and two coupling center lines 79a
and 79b in the coplanar line form to provide coupling resonator 72a to resonator
73, and resonator 73 to resonator 72b, respectively.



TM err] node, and TMerr] node as shown in Figure 2(a), Figure 2(b), and
Figure 2(c), respectively. Figure 3(a) - 3(c) are graphic representations
of ‘the current and the nagnetic field 5 distributions of a typical prior
art circul ar-shape resonator, operating in the TMerr] node, TM err] node,
and TM err] wpdnss@se shown in Figure 3(a), Figure 3(b), andPETYSsssic),
respectively. Figure 4(a) - 4(b) are schematic illustrations of another
enbodi ment of the 10 resonator of this invention in the strip line

configuration, in which Figure 4(a) shows the A-A cut view and Figure 4(b)
shows the cross sEotd Bpale filterpthe résonpnt fedneacy of ths¢ehpsonaterssomprising the filter

ilTustrations of ARsQEIFGARYREN% HiiPdRiRBAValiSS ARAIRY, tR rebdtam ﬁé&ﬁ&f&%i on in
the mcrostrip line conflquratlon, Y %I ch Fl,ﬁ}lé{}% 15 . %_g,a* {ng*%ws t he
front view and Fi §IrEn5{ys) oppyandoptollapls fectars, HHerioe tisysy desighledog(a) -
6(b) are schennt i bavelsomsmeans to e dic resvoari frequentyoefiindividuab fesoimtorodtimgon shape
resonator of thi sy Rye RS RimpiB, thdt Chabping he thdlBs FAYrioPaH SkdufP HTSesdkt6D
Figure 6(a) shows t?ehnA-A c# Vi eV\‘)and Fi 31%3 F(tbz ShO\QIS t.he cross
sectional 20 Vi @W chnage 1ts frequency, utnlsver)9 ifficult to ¢hange the radius, and thus
tune the frequency, of a circular resonator after it has been fabricated.

10  In the embodiment of the 3-pole filter shown in Figure 7, the resonator of this
invention comprises means for tuning the resonant frequency of the filter. In
particular, the frequency of a circular resonator, according to the present
invention, can readily be increased by providing an aperture in the center of the
resonator. This can be readily accomplished by use of a high power laser,

15 photolithographic etching, or shadow mask etching.

Figure 8 illustrates yet another 3-pole TMpjp mode (i=1, 2, 3, ...) HTS filter
having a stacked configuration which incoporates the resonator of this invention.
The 3-pole filter is divided into three scctions: the input section, the middle

20  section and the output section.

The input section comprises an HTS circuit (see Figure 8(b)) sandwiched between
substrate 80a (having ground plate 81a deposited on one side thereof) and
substrate 80b. With reference to Figure 8(b), the HTS circuit comprises a circular

25  HTS resonator 82a and an input coupling circuit 83a deposited on substrate 80b.
The middle section comprises the HTS circuit pattern shown in Figure 8(d)
sandwiched between two substrates, 80c, 80d. The circuit pattern for the middle
section, shown in Figure 8(d), comprises an HTS resonator 84 having aperture 85
in the center thereof and a circular HTS dot 86 concentric with aperture 85 and

30 resonator 84 deposited on substrate 80d. The output section comprises an HTS
circuit (see Figure 8(f)) sandwiched between substrates 80f (having ground plate
81b deposited on one side thereof) and substrate 80e. The HTS circuit for the
output section, shown in Figure 8(f), comprises a circular HTS resonator 82b and
an output coupling circuit 83b deposited on substrate 80f. The HTS ground plate

35 87a having center coupling means 88a (see Figure 8(c)) separates the input section
and middle section. A simliar ground plate 87b having center coupling means
88b (see Figure 8(e)) separates the middle section and the output section. In this
respect, the ground plate 87a has shared functionality between the input section



Figure 7(a) - 7(c) are schematic illustrations of a 3-pole HIS filter

having a TM err] node resonator of this invention as a frequency tuning
device, in which Figure 7(a) shows the front view, Figure 7(b) shows cross
sectional view, and 25 Figure 7(c) shows the back view. Figure 8@@ -

8(f) are scheWa®r/d4851 | ustrations of a 3-pole HIS filter in t d form
having a TM err] node resonator of this invention for junp-over coupling
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With particular reference being made again to Figure 8(d), the resonator 84 having
central aperture 85 comprises means for coupling between resonator 82a and

10  resonator 82b. It will be appreciated that such coupling is aptly referred to as
"jump-over" coupling because resonators 82a and 82b are not adjacent to one
another, but in fact are separated by intermediate resonator 84. Thus, coupling
from resonator §2a to resonator 82b requires a "jump” over the intermediate
resonator 84. This "jump-over" coupling application of the present invention is

15 particularly advantageous for use in elliptical frequency response filters, which in
turn have the advantage of having very steep skirts.

As noted earlier with reference to Figure 2, the electromagnetic field of the TMjg
mode (i =1, 2, 3, ...) in the resonator are confined to the HTS film itself and the

20 central aperture in the resonator is free of electromagnetic fields generated by the
resonator. This "free space” is thus available for use in coupling non-adjacent
resonators. With particular reference to the stacked filter shown in Figure 8(a) -
8(f), the electromagnetic fields are confined within the area of the HTS film 84
and the central aperture 85 provides a space free of electromagnetic fields, which

25 can be used as the space for the "jump-over" coupling between resonators 82a and
82b, through the coupling means 88a on ground plate 87a (see Figure 8(c)) and
coupling means 88b on ground plates 87b (see Figure 8(¢)). The concentric HTS
dot 86 in aperture 85 (see Figure 8(d)) provides another dimension to vary the
coupling strength among these resonators. In summary, the coupling strength

30 between and among resonator 82a, 84 and 82b, can be adjusted by varying the
diameter of coupling means 88a and 88b, the aperture 85, and the HTS dot 86.

Example

A high power 3-pole TM(10 mode HTS filter was prepared by depositing double-
35  sided Tl;Ba;CaCuyOg HTS thin films on both sides of a 40.8 mm x 17.2 mm x

0.508 mm LaAlO; substrate. Using a standard bi-level photolithographic process

and ion beam milling, a filter having the structure shown in Figure 9(a) and 9(b)

was prepared, in which 90 is the substrate; 91a and 91b are octagonal shaped
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PCT/ US97/ 08411 Detail ed Description of The Enbodi nents In a broad sense,

t he-present invention conprises a planar TMerr] node (where i is a whole
integer [err]1l) HTS resonator conprising a circular or polygonal HTS film
5 the fil mwW@9W4a8s2a centrally | ocated aperture and at | eastroseregs@und
pl ate deposited on at | east one substrate. C rcular and octogon shapes are

preferred for the HIS fi I_?Z.The g@gﬁ% re can be circular or polygonal and
need not be the saffE® A% 9% shapgd gesopptar having a-central gpesture %5 used
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one enbodi nent of godpfis@iadhuits. of this 15 invention is illustrated
schematically and conprises a circular HTS film 21 having

The filter was housed in a copper case with SMA compatible input and output
connectors and the filter was tested at 77°K. The diameter of central aperture 93
10  inresonator 92 was increased (using photolithography ion beam milling) in 24-
micron incriments until optimum performance was obtained. The filter was then
tested at power levels of 1.7 watts, 20 watts, 40 watts, 50 watts 62 watts and 74
watts. The measured S, versus frequency response curves at all six power levels
are shown in Figure 10. As seen in Figure 10, the six curves lay on top of one

15  another without notable performance degradation, even in the finc vertical scale of
1dB/Div.
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10
2. A TMgjo mode planar high temperature superconductor resonator, where i
is a whole integer 21, in the strip line form comprising, in order,
(@)  afirst high temperature superconducting ground plate;
(b) a first dielectric substrate;
15 (c) a shaped high temperature superconductor film;
(d) a second dielectric substrate; and
(e) a second high temperature superconductor ground plate;
wherein said shaped high temperature superconductor film has an aperture
in the center thereof and has a shape selected from the group consisting of
20 a circle and a poiygon.

3. The resonator of claim 1 or 2, wherein the shaped high temperature
superconductor film has a circular shape.

25 4 The resonator of claim 1 or 2, wherein the shaped high temperature
superconductor film has a polygon shape.

5. The resonator of claim 3, wherein the shaped high temperature
superconductor film has an octogon shape.
30
6. The resonators of claim I or 2, further comprising a second high
temperature film concentrically located relative to the aperture in the
center of the shaped high temperature superconductor film.

i




direction current Jp and the circular direction magnetic field Herr] as
functions of the radial distance p fromthe center of a typical circular
HTS-resonator of the 35 prior art operating in the TMerr] node, TMerr]
node, and TMerr] node, shown in Figure 3(a), Figure 3(b), and Figure 3(c),
respectively. BY¥HM#52ring the Jp, Herr] versus p curves in FeQuysosdit O
those in Figure 3, it can be seen that the resonators with a central
aperture (Figure 2) have a region corresponding to the 4 WO 97/ 44852
PCT/ US97/ 08411 central aperture which is free of the resonator's fields and
that the electromagnetic fields are confi ned @ hi n the HTS pattern. Figure
4(a) - 4(b) show anot her enbodi nent of the circular resonator in the strip
5 | ine configuration. As seen therein, the resonator in this enbodi nent
conprises a circular HIS film 31 having a central aperture 34 therein
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substrates 32a, 32b, each substrate further conprising an HTS ground plate
33a, 33b, respectively. 1 0 Figure 5(a) - 5(b) illustrate an enbodi nent
of- the resonators of this invention, wherein an octoganal HTS film51
havi ng an octoganal central aperture 54 therein and an HTS %é?“@g“ﬁbﬁte 53
are deposit edwonnegsosi te sides of a substrate 52. Yet anot fhodl ment
of the resonators of this inventioon are shown in Figures 15 6(a) and
6(b). In this enbodinent, also in strip |ine configuration simlar to the
enbodi ment shown in Figures 4(a) and 4(b),é}1 resonat or conprises an
octogonal HTS film 61 having an octogonal aperture 64 therein sandw ched
bet ween two substrates 62a and 62b, each substrate 62a, 62b having an
ground plate 63a, 63b, respectively, deposited thereon. 20 Figure 7
illustrates a TMerr] node HTS high power 3-pole filter incorporating a
resonator of this invention therein. As seen#% Figure 7, the 3-pole filter
conprises a substrate 70 having a plurality af HIS filnms 72a, 73, 72b
deposi ted on one side thereof and an HTS gr¢und plgte 71 deposited on the
opposite side thereof (see t) o

C

TM 30 mo
FIG.2¢C

H#A Jp

»-
p

\/

N
TMo20 mode
FIG.2b

quA Jp
0

TMg10 mode
FIG.2a

H‘*A Jp




25 Figure 7(b)). In the enbodi nrent shown, filns 72a and 72b represent
prior art circular HTS resonators and film 73, having central aperture 74
therein, represents a resonator of this invention. Wth particul ar
reference to Figure 7(c), the input coupling circuit for the filter 30
conpri ses an oYeATM¥S2/5a in the ground plate 71 to provide r 8EMUSHH08$e
remai ning coupling circuits, an input center line 76a in the coplanar line
form and a branch |ine 77a coupled to resonator 72a. The output coupling
circuit conprises an opening 75b in the grogzg plate 71 to provide room for
the remaining coupling circuits, an output per line 76b in the copl anar
line form and a branch line 77b 35 coupled to resonator 72b. The
inter-resonator coupling circuits conprises two openings 78a and 78b in the
ground plate 71, and two coupling center |lines 79a and 79b in the copl anar
line formto provide coupling resonator 72a tharesonator 73, and resonator
73 to resonator 72b, respectively. 5 (
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WO 97/ 44852

PCT/ US97/ 08411 For a 3-pole filter, the resonant frequency of three
resonators conprising the filter nmust be precisely equal to their designed
values. In reality, the resonant frequency can vary due to many
uncontrol | abl eVPA##8FL. Therefore, it is very desirable to 5FPCTHR84Hne
means to tune the resonant frequency of individual resonator. It is known,
for exanple, that changing the radius of a prior art circular HTS resonator
will chnage its frequency, but it is very difficult to change the radi us,
and thus tune the frequency, of a circular A4d@nat or after it has been
fabricated. 10 In the enbodinent of the 3-pole filter shown in Figure 7,
the resonator of this invention conprises neans for tuning the resonant
frequency of the filter. In particular, the frequency of a circular
resonator, according to the present invention, can readily be increased by
providing an aperture in the center of the resonator. This can be readily
acconpl i shed by use of a high power |aser, 15 phot ol i t hogr aphi ¢ et chi ng,

or shadow mask etching. Figure 8 illustrates yet anothery 3-pole TMerr]
nmode (i =1, 2, 3, ...) HIS filter 4]
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havi ng a stacked configuration which incoporates the resonator of this
invention. The 3-pole filter is divided into three sections: the input
section, the mddle 20 section and the output section. The input section
conprises an HTS circuit (see Figure 8(b)) sandw ched between substrate 80a
(havi ng gr oundVPIPZ#85B1. a deposited on one side thereof) andPSTBSPHIMY g0b.
Wth reference to Figure 8(b), the HTS circuit conprises a circular 25

HTS resonator 82a and an input coupling circuit 83a deposited on substrate
80b. The mi ddl e section conprises the HTS ciglgw't pattern shown in Figure
8(d) sandw ched between two substrates, 80c, d. The circuit pattern for
the mddl e section, shown in Figure 8(d), conprises an HTS resonator 84
havi ng aperture 85 in the center thereof and a circular HTS dot 86
concentric with aperture 85 and 30 resonat or 84 deposited on substrate
80d. The output section conprises an HTS circuit (see Figure 8(f))

sandwi ched between substrates 80f (having ground plate 81b deposited on one
side thereof) and substrate 80e. The HTS circuit for the output section,
shown in Figure 8(f), conprises a cirgular HTS resonator 82b and an out put
coupling circuit 83b deposited on substrate 80f. The HTS ground pl ate
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35 87a having center coupling nmeans 88a (see Figure 8(c)) separates the

i nput section and nmiddle section. A simiar ground plate 87b having center
coupling nmeans 88b (see Figure 8(e)) separates the mddle section and the
out put sectioQ% In this respect, the ground plate 87a has shared
functionality HRtUEER the input section 6 WO 97/ 44852 PCT/US97108411

PCT/ US97/ 08411 and the m ddl e section and ground plate 87b has shared
functionality between the m ddle section and the output section. Coupling
means 88a provi des coupling between resonatog g@a and resonator 84, whereas
coupling nmeans 88b provides coupling between { onator 84 and resonat or
82b. In addition, coupling neans 5 88a and 88b, together with aperture 85
in resonator 84, provide coupling between resonator 82a and resonator 82b,
as explained nore fully below, Wth particular reference being made again
to Figure 8(d), the resonator 84 having
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central aperture 85 conprises neans for coupling between resonator 82a and
10 resonator 82b. It will be appreciated that such coupling is aptly
‘referred to as "junp-over" coupling because resonators 82a and 82b are not
adj acent to one_ another, but in fact are separated by internediate
resonat or 84. %ﬂjg’,’“{s&upl ing fromresonator 82a to resonator B2PUsweqsdii es a
"junp" over the internedi ate resonator 84. This "junp-over" coupling
application of the present invention is 15 particularly advantageous for
use in elliptical frequency response filters, which in turn have the
advant age of having very steep skirts. As nofB® earlier with reference to
Figure 2, the electromagnetic field of the TMerr] node (i =1, 2, 3, ...)
in the resonator are confined to the HTS filmitself and the 20 central
aperture in the resonator s free of electrogugnetic fields generated by
the resonator. This "free Space" is thus avfdslable for use in coupling
non- adj acent resonatgrs. MXN particular refeeence to the stacked filter

shown ‘i n Figure 8§( 3&%&;gﬁ§fﬁh§§§k§§§ﬁﬁpagng)ic fields are confined wthin
the area of the HI it 2 Bl aperture 85 provi des a space
free of electromafghetic fields, which 25 tan be used as the space for the

"junp-over" coupling between resonators 82a and
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82b, through the coupling neans 88a on ground plate 87a (see Figure 8(c))
and coupling neans 88b on ground plates 87b (see Figure 8(e)). The
concentric HTS dot 86 in aperture 85 (see Figure 8(d)) provides another

di rension to vary the coupling strength anong these resonators. |n sunmary,
t he coupling woneagsh 30 between and anong resonator 82a, Pﬂ“&ﬁ'ﬁ”@'}b, can
bé adjusted by varying the dianeter of coupling neans 88a and 88b, the
aperture 85, and the HTS dot 86. Exanple A high power 3-pole TMerr] nobde
HTS filter was prepared by depositing double- 35 sided
Tl[err]Ba[err]CaCu[err]Q err] HTS thin fil @18 both sides of a 40.8 nm x
17.2 mMm x 0.508 mm LaAlJ err] substrate. Using a standard bi-|evel

phot ol i t hogr aphi c process and ion 8eam m Il in a fikter having the
structure shown in Figure 9(a) and\9{ f@ which 90 is the

substrate; 91a and 91b are octagonal @
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WO 97/ 44852 PCT/ US97/ 08411
resonators; 92 is an octagonal shaped resonator having a central aperture
93 therein; 94 is the ground plate; opening 95a; coplanar center |ine 96a
and T-type coupling branch Iine 97a collectively formthe input coupling
circuit; openvogu#fske coplanar center |ine 96b and T-type c8& ?ﬁ@mﬁ?anch
ltne 97b collectively formthe 5 out put coupling circuit; and openings
98a and 98b conprise the inter-resonator coupling circuits. The filter was
housed in a copper case with SMA conpati bl e input and output connectors and
the filter was tested at 77[err] K The diaﬁyﬂéf of central aperture 93 10

I n resonator 92 was increased (using photolithography ion beammlling) in
24- mcron incrinents until optinmm perfornmance was obtained. The filter
was then tested at power levels of 1.7 watts, 20 watts, 40 watts, 50 watts
62 watts and 74 watts. The m&sured S[err] versus frequenchF%sponse curves
at all six power |evels are @own in Figure 10. As seen in ure 10. the
six curves lay on top of one I’ another w thout notable perf®rnance
degradation, even in the ﬂrﬁf?ertical scale of | dB/ D v.
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8 9 CLAIMS 1 A TM err] node planar high tenperature superconductor
resonator, where i is a whole integer [err] 1, in a mcrostrip line form
conpri sing a shaped hi gh tenperature superconductor filmand at | east one
hi gh tenperature superconductor ground pl ate deposited on opposite sides of
a dielectric wolsgassar e, sai d shaped hi gh tenperature superc TSP | m
has an aperture in a center thereof and said shaped high tenperature
superconductor film has a shape of a polygon and said aperture conprises
means for frequency tuning the resonator, W0#t@i n the pol ygon shaped high
tenperature superconductor filmhas an octagon shape. 2. A TM err] node
pl anar hi gh tenperature superconductor resonator, where i

1dB/Div.

Frequency, Center: 6.03 GHz
Span: 0.4 GHz

FIG.10



is a whole inte mcrostrip line formconprising a shaped
-hi gmﬁéﬂwérat ur I, leifl I'm-and*:at’+| east one hi gh tenperature
es

"superconductor groun sited oy a dielectric
substrate; wherein sai d shaped hi gh temog s Nouct or filmhas an
aperture in awgATIS charsEpagd sai d shaped RERLAC [érrper ure

superconductor fil mhas a shape of a polygon and said aperture conprises
means for frequency tuning the resonator,- said resonator further conprising

a second hi ghlt enparBvgiembdd ﬂramﬂﬁ@ﬂtemlpeﬁkdry supb@@irﬁdctbﬁi'e@bnd{& {vBerehe

e o e Co il e SRS B lbeke TRE S ot € e, 1
where i i s a whol etmnpemjme spipercdndiictor film asd ai lpadt ione highrtemperagueé si ng, in

der g s ; b
Frret diol ectric sopsioliucGiBSLR HEE ?&3{"8%%?5*‘%%“?%(&%’3%5 & L)) aa
shaped hi gh t enper stbstrateswh @‘Pékﬁﬁtﬁﬁb@ mrmﬁgrmpwpm@utqnm l@al d finst.

di el ectric substrahgaperture in the center thereof and has a shape selected from the group
consisting of a circle and a polygon, and wherein said aperture comprises

10 means for tuning the frequency of the resonator.

2. - A TMopjo mode planar high temperature superconductor resonator, where i
is a whole iﬂteger 21, in the strip line form comprising, in order,
(a) a first high temperature superconducting ground plate; fe
15 (b)  afirst dielectric substrate; Yanss’

(c)  ashaped high temperature superconductor film; E
(d)  asecond dielectric substrate; and ' * :
(e) a second high temperature superconductor ground plate; o

_ wherein said shaped high temperature superconductor film has an aperture
20 in the center thereof and has a shape selected from the group consisting of
a circle and a polygon, and wherein said aperture compnses means for
tuning the frequency of the resonator.

3. The resonator of claim 1 or 2, wherein the shaped high temperature
25 superconductor film has a circular shape.
4, The resonator of claim 1 or 2, wherein the shaped high temperature

superconductor film has a polygon shape.

30 S. The resonator of claim 4, wherein the shaped high temperature
superconductor film has an octogon shape.

6. The resonators of claim 1 or 2, further comprising a second high
_ temperature film concentrically located relative to the aperture in the
35 - center of the shaped high temperature superconductor film.
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(d). . -a second dielectric substrate _being, deposited upon said Q&ES;MD'E ’
super conductor .film and 10 (e) . "a second high tenperature lpoQ copy.

super conduct or ground plate belng deposi ted upo bctric
substrate; wherein said shaped hi gh tenperature &W@th *ﬁ m has an
aperture in nd said shaped hi ghjtenperature

super conduct ca”"m] lﬂ"! ﬂi Nge of a polygon, and|saie GPENIdr ej cpnpri ses

means for frequermcyLtumi ng e resonator, whereiinithe pol ygon shaped high
t enper at ure superconductor fil mhas an oct agon ghape—7. A-TM err] node
pl anar hi gh tenperature superconductor resonator, where i is a whble

integer [err] GLAIMS 5 strip line formconprising, in order, (a) a first
hi gh tenperature superconducting ground pl ate;

1 A TMoip mode blanar high temperature superconductor resonator, where i
is a whole integer = 1, in a microstrip line form comprising a shaped high
temperature superconductor film and at least one high temperature
superconductor ground plate deposited on opposite sides of a dielectric
substrate, said shaped high temperature superconductor film has an
aperture in a center thereof and said shaped high temperature
superconductor film has a shape of a polygon and said aperture comprises
means for frequency tuning the resonator, wherein the polygon shaped
high temperature superconductor film has an octagon shape.

2. A TMgo mode planar high temperature superconductor resonator, where i
is a whole integer = 1, in a microstrip line form comprising a shaped high
temperature superconductor film and at least one high temperature
superconductor ground plate deposited on opposite sides of a dielectric
substrate; wherein said shaped high temperature superconductor film has
an aperture in a center thereof and said shaped high temperature
superconductor film has a shape of a polygon and said aperture comprises
means for frequency tuning the resonator, said resonator further
comprising a second high temperature film concentrically located relative
to the aperture in the center of the shaped high temperature
superconductor film.

3. A TMy, mode planar high temperature superconductor resonator, where i

is a whole integer > 1, in a strip line form comprising, in order,

(a) a first high temperature superconducting ground plate;

(b) a first dielectric substrate being deposited upon said ground plate;

(c) a shaped high temperature superconductor film being deposited
upon said first dielectric substrate;

(d) a second dielectric substrate being deposited upon said
superconductor film; and



—

(b). . sa first dielectric bei ng_ deposi ted ' rQ
(c) a shaped, hi.gh teme[ﬂﬁ@@ﬂ{sﬁﬁﬁﬁﬁlﬁctor fil ﬂ’wc )
said first dielectric sub 'L s aysecond .d|e|ectric substriat
being deposited upon said superconductor film hnfl (% 0CTa1998can
t enper at ure superconductor ground plate bei hg depopifed upon said s
dielectric substrate; wherein said shaped high tenperature supercon
filmhas an aperture in a center thereof and said ! |
superconductor filmhas a shape selected fromthe group consisting of a
circle and a polygon, and wherein said aperture conprises neans for
frequency tuning th@resrigcend highy terapesaiee superoen r cgsawid Platg) keingecond
hightenperaturefilmco&gp% ' | ai t td . the aperture in
the center of the shaped hi Q#ﬁ%@é‘eﬁﬂ%@ﬂ%ﬂ%ﬁ&é@ﬁgg film

wherein said shaped high temperature superconductor film has an

aperture in a center thereof and said shaped high température.
superconductor film has a shape of a polygon, and said aperture
comprises means for frequency tuning the resonator, wherein the polygon
shaped high temperature superconductor film has an octagon shape.

4. A TMyp mode planar high temperature superconductor resonator, where i

is a whole integer 2 1, in a strip line form comprising, in order;

(a) a first high temperature superconducting ground plate;

(b) a first dielectric substrate being deposited upon said ground plate;

(c) a shaped high temperature' superconductor film being deposited
upon said first dielectric substrate;

(d) a second dielectric substrate being deposited upon said
superconductor film; and

(e) a second high temperature superconductor ground plate being
deposited upon said second dielectric substrate;

wherein said shaped high temperature superconductor film has an

aperture in a center thereof and said shaped high temperature

superconductor film has a shape selected from the group consisting of a

circle and a polygon, and wherein said aperture comprises means for

frequency tuning the resonator, said resonator further comprising a second

high temperature film concentrically located relative to the aperture in the

center of the shaped high temperature superconductor film.
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(57 Abstract

T L L L X T VW iyt e gy Syt b=y

TMoio mode (i = 1, 2, 3 ...) planar high temperature supercondutor resonators useful in high temperature superconducting filters,
filter banks and multiplexers comprise a shaped high temperature superconductor film and a high temperature superconductor ground plate
deposited on opposite sides of a dielectric substrate, wherein the shaped high temperature superconductor film has an aperture in the center
thereof and has a shape selected from the group consisting of circles and polygons.




