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t he requirements |g per f or mance scovery o npera ure
super conduct ors (Pﬂsﬁheﬁerfiﬁt¢kﬁwltlon tenperature Tc, above the liquid
nitrogen tenperature (77 K)  prognes 3 : 0 produce HTS
filters with orders of _magni tude better perfornance I n a conpact package.
In lters are an important microwave component with

10 widely spread applications in commercial and military

microwave systems, such as telecommunication,

instruments, radar and electronic warfare systems, High
performance bandpass filters require narrow bandwidth
with sharp skirts, high rejection in the off-band, low
15 insertion loss in the passing band, high power handling
capability all in a compact and light package. The
conventional filters made of normal conductors, such as
copper, silver, gold, aluminum and the like, have
limited conductivity which cause unacceptable high
20 inband lnsertion loss and are unable to satzsfy all the
requlrements for high performance.
The discovery of high temperature superconductors
(HTS) with a transition temperature, T., above the
liquid nitrogen temperature (77 K) provided the
25 opportunity to produce HTS filters with orders of
magnitude better performance in a compact package. In
the microwave frequency range, the Q-value of HTS thin
film matérials are 10 to 1,000 times higher than copper
under the same conditions, which directly translates
- 30 into extremely low iﬁsertion'loss in the passing band of
multi-pole bandpass filters. Many HTS filters have been
reported with unprecedented high performance. But
despite the success of HTS filters, the power handling
capability of known HTS filters is still far less than
35 desired. Unlike the common metals, the HTS materials
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maxi mum current density at the two edges. The critical current density,

transmission line resonatdors. The rf current

10 distribution in the resonator is in a standing-wave form
along its length with the maximum current density at the
center. Along the line width directibn, the current _
also has an uneven distribution with maximum current (
density at the two edges. The critical current density,

‘15 Je, is defined as the maximum current density for which
the HTS materials can carry without significant
degradation of its conductivity. When the power
'increases in an HTS filter, the current density
increases accordingly until the maximum current density

20 exceeds the J., which determines the maximum power
handling capability of the HTS filter.

As an example, C. Walker et al., IEEE-Trans MIT.,

Vol. 39, 1462-1467 (1991) described a 5 GHz HTS half-
wave-length resonator. This resonator has a section of

25 HTS microstrip line. In this particular case, it is a
T1l2BazCaCuz0g microstrip line with 500 pum width deposited
on a 20-mil thick LaAlO3 substrate. At operating
temperature (77 K), the resonator has a loaded Q-value
of 7,000-8,000 at input power below 1 mW and it begins

30 to drop above 1 mW. At 32 mW of input power, the loaded
Q-value reduced to 6,000. If this resonator is a part
of HTS filter, which reqﬁires a minimum loaded Q-value
of 6,000, then it will not handle ihput power more than

. 32 mW without significant performance degradation.
35 Moreover, the 500-pm-wide HTS line on 20-mil LaaAlOj
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10 filters is in two dimensional planar forms wherein the
dimensions along both directions are cdmparable'to the
wave length. The most commonly used form of two
dimensional filters is the "dual mode"™ cut-corner square
form, as described by A. Curtis et al. 1991 IEEE MTT-S

15 - International Microwave Symposium Digest, Vol. 2,

Pp. 443-446. Figure 6a shows a'tyPical laybut'of an
8-pole (a pole represents a resonance) dual mode HTS
filter. The-building block of such a filter is an HTS
cut-corner square pattern deposited on a substréte.

20 Each cut-corner square represents two modes, therefore,
the four cut-corner squares in Figure 6a represent 8
poles instead of just four. The two dimensional HTS
filters handle more power than the one dimensional HTS
filters because the rf current is distributed over a

25 large area. However, the planar layout of known two
dimensional HTS filters, such as the one shown in
Figures 6a and 6b, have a problem of occupying too much
substrate area and require a very large package to house

"the filter circuit. This problem becomes severe as the

30 number of poles increases and the operating frequency
decreases. For example, for a filter operating at
0.5 GHz, the size of the HTS square needed would be
approximately 7 cm x 7 cm on a LaAlO3 substrate with a
dielectric constant, € = 24. The total area for a dual

35 mode 8-pole filter such as shown in Figure 6a would be
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t he power inali'ng capability of this 5 resonator is in the range

mlliwatts and is limted by narrow line width. [t is desirable to have

HTS filters with a higher power handling4apability for many applicati ons.

The building block of the two dinensional HTS 10 filters is in two

di nensi onal phaénaeabtr26 ehexe2® ¢he vhishsionmadceptrabayhldrgecti ons are
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the one shown in Figures 6a and 6b, have a pro m of ~dccupyi t oo much
subst r at &-%r eBodRdhAB @i FerreRerfloving gJanamdde & Wdyestins, f Ahder
circuit. Thi stheobEginmeion e L \Rirdedt flewing along the y

direction. 1In figure 7¢c, both TEjp mode and TEp; mode

' co-exist and are coupled to one another by the cut- (

corner. The coupling can be adjusted by varying the

15 size of the cut-corner. Therefore, each cut-corner
square in Figure 6a represents two modes and the filter
has eight poles.‘ The inter-square coupling is provide
by HTS line sections 53a, 53b and 53c and the gaps
between cut-corner squares 5la, 51b, Slc, and 51d and

20 the HTS line sections 53a, 53b and 53c. The input and

' output coupling are provided by HTS line section 52a and
52b and the gap between 52a and 5la and the gap between
52b and 51d. This two dimensional HTS filter can handle
more power than the one dimensional HTS filter. But a

25 problem remains in that the two dimensional HTS filter

' requires a large substrate area, especially when the
number of poles is large and the frequency is low,
because the side of each square_is approximately equal
to a2 half wavelength. The two dimensional HTS filters

30 have moderate power handling capability in the low .
watts. | o _

For one dimensional HTS filters, the present

invention provides an unique method to make them in low
characteristic impedance with broader line width and to
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10 drawings of structures in accordance with this invention
of the HTS converted impedance junctions for combining
the HTS filters including the microstrip line version
shown in Figures la and 1lb, the strip line version shown
in Figures 2a and 2b and the coplanar line version shown

15 in Figure 3a and 3b. _

Figures 4a and 4b are a schematic dtawing of a

parallel low impedance HTS filter pair in the microstrip
‘line configuration in accordance with this invention

combined by two converted impedance junctions to handle
20 high power. |

Figures 5a and 5b are schematic drawings of a
.combined parallel low impedance HTS filter, i.e., 5a,
the single pair configuration; 5b, the multlopalr
configuration.

25 Figures 6a and 6b are a schematic drawing'of a
layout of a planar HTS 8-pole dual mode bandpass filter.

Figures 7a-7c illustrate the rf (radio frequency)
current distributions in HTS planar resonators having a
square circuit pattern: 7a, TEjg9 mode; 7b, TEp1 mode;

30 7¢, TEjp mode and TEg: mode co-exist and arelcoupled to
each other by the cut-corner.

Figure 8 SChematically represents a structure in
accordance with this invention of a stacked
configuration 8-pole dual mode HTS bandpass filter and

35 its separated different parts.



by HTS |ine _sections 53a, 53b and 53c and the gaps betwee - er
squar es ‘-g?z?,s’zg’fﬁ, 51c, and 51d and 20 the HTS |ine sectioﬁé@%%%;&é&o and
53c. The input and output coupling are provided by HTS |ine section 52a and
52b and the gap between 52a and 5la and ®he gap between 52b and 51d. This
two di mensional HTS filter can handl e nore power than the one di nensional

HTS filter. | But aﬁﬁ;\%&é@'ﬁnﬁcﬁfﬁi m%piiatlt laaa. lh&i?!‘&uﬁi g@&@g@ﬁ t’irﬁlé'i filter
requires a |large supstrat.e area, especia en ynber of poles is
large and the® s G ope BERoLe, el Baas el Haklnsie ”F s

appr oxi mat el yEidmen dfo Figualel 8wavoagnghhunpaeteérmwedi HESI1sgxoeld HTS filters
30 have nod ep r nglL capabi Lity Jp S one .

di mensi onal %‘%'I 'fge%ra's ,tli't%hg'a rgg'ent@ ?%%e%%‘?%ﬁ/%%+g\égsg€¢#%nni“§'% met hod to
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5 conbine theyaddhdednd;eans bhe RayeLthaRdbhavisppekohiptt Sddttifdpant ly. For
two di nensional, HTS filters, the present ention provides a structure
whi ch great | YRR LIng %osﬁbgﬁpbt'&"@? z@‘%ﬁ%ﬁ&@% 9“6?&?3‘8&8 nor e
conpact. Thi ssqiane tngsvnatorgr Od;ukael Yagout abf echorutovgfanml eslane
- with a coupling slot for the TEbl'modes on both sides;
10 9e, the layout of the HTS ground plane with a coupling
slot for the TE10 modes on both sides; 9f, the layout of
a HTS dual mode sguare resonator with a cut-corner.
Figures 10a-10c are schematic drawings of a |
structure in accordance with this invention and the
15 mechanism of the E-field coupling for the dual mode
filter: 1l0a, an HTS ground plane'with a rectangular
opening for the E-field coupling for the TEd1 mode; 10b,
aﬁ HTS g:dund‘plane with a rectangular opening-for the
E-field coupling for the TEj¢9 mode; 10c, a cross section
20 view of an HTS dual mode 4-pole bandpass filter with the
E-field coupling and the E-field distribution showing
the coupling mechanism.
' Figures lla and 11lb are a cross section view of an
assembled 4-pole HTS dual mode bandpass filter in | |
25 accordance with this invention with tuning rods for fine
tuning of the resonant frequencies of the resonators and
the grounding mechanism for connecting separate ground
planes. ' . o o | _
| Figuies_12a—g are the parts for a stacked HTS dual
30 mode filter with round shape configuration according to
this invention. Figure 12a shows an HTS_ground-plahe
for use in a stacked round shape HTS dual mode filer.
Figures 12b and 12c show alternate circuit patterns
for use in the resonator components of the filters of
35 the present invention: 12b shows a round pattern with a



nJIti-poIe high power HTS filters. BRI EF DESCRI PTI ON OF THE DRAW NGS
Fi gures la, 1 993’5?7‘“%, 3a and 3b are schematic 10 drawings of PSPPEH{4%s
in accordance with this invention of the HTS converted inpedance junctions

‘for combining the HTS filtersiincluding the n¥fcrostrip |ine version shown

in Figures l1a and 1b, the strip line version showm in Figures 2a and 2b and

the coplanar |ine ¥essimy S0 Wbtkh dougTiay ﬁegﬁaﬁE!Qﬁ OfF%&gffn #3.,@nd 4b
| e It

are a schematic dr ng of a parallel Tow ance HT alr 1n the

p
mcrostrip line cotttigtRSh iMPeS addidaRteTieh th4S shavenei SRUBSmbI ned by
two converted i npes@éern UEH Asdct angdae 2QubhtelpDONG medhanif® foxr and

- 5b are schematic d ] I_ned ral.l el.l ow i ance HTS filter,
i.e., 5a, the si ng%e %i;iﬂ?g go‘fﬁai%%gﬁ%gnﬁgﬁg't th%ﬁrf -p 0-confi guration.

- (radio frequency) current distributions in

25 Fi guPes 6a anEigureriZd siowsrdihec layantngfoé azoungoBTS ofreumd anar
HTS 8-pol e dual nogiehandiass fddﬂﬂfinf'sﬂ%%ﬁgzgrﬁg TEQL I Sl RO

anar esonators haV|ng a

‘square circuit p31¥%§?§-7a, [err] node; 7b, [err] node; 30 7c, [err] node
‘and [err] mode co-existrapdrdri2d Wt cie 93GBuR! BET ab¥olie Y -GLIR -

_invention of a st

Figure 8 schemat! ca) e "R Houpd 12 958" o eSS L1885 Ee Ma) mads on
10 both sides.

-Figure 12f shows an alternative round HTS ground
plane with an elliptical opening E-field coupling
mechanism for coupling the TEp; mode on both sides.

Figure 12g shows an alternative round HTS ground

15 ©plane with an elliptical opening E-field coupling
- mechanism for coupling the TE;g mode on both sides.
SUMMBRY OF THE INVENTION
The present invention comprises wvarious HTS filters
having increased power handling capability which
20 include: '
(a) new structures to combine HTS low
impedance filters in parallel to increase power handling
' capability by means of a converted impedance junction;
and
25 (b) new structures for stacked HTS dual mode
resonators to form a very compact filter with higher
power handling capability.

In particular the present invention comprises a
structure for combining filters in parallel comprising

30 1) at least two filters each comprising one or two
substrates each having a high temperature superconduétor
ground plane and a patterned high temperature
superconductor circuit, 2) an input splitting converted
impedance junction connecting said filters in branches

35 arranged symmetrically to an output combining converted



configuration 8-pole dual nmode HTS bandpass filter and 35 its separated
di f f er erlWOP5128796 6 Figures 9a to 9f depict the indivi JdBET/US/48020f t he
stacked configuration 8-pole dual nbde HTS bandpass filter of Figure 8: '
9a, an unpatterned HTS ground plane; 9b,gthe |ayout of the input/output
section with 5 coupling to a [err] node HTS cut - corner dual nDde square

resonat or; out of, the i / ut.s ction with cou ng to a
[err] node Hﬂ§Wﬁé;Qﬁ§%ﬂﬂnqﬁﬁﬁn'wﬁ&gpgg g Fe2B a?B?pu@d@Ih t of the

HTS ground plawe impddanam mpiticheds Withf ehet heghetehparaiesren bot h sides; 10

9e, the layo ésﬁ%fééka¥1R§F%Qg1ayoulane with a coupling slot for the [err]

nodes on both t of a HTS dual nobde square resonator
wi th a cut - cor ner.The presenpdnventdon faxsheri codpahbsagsaotorvertedt ure in

accordancg W ipddhiicd MY @&ptr&%iﬁg%ﬂeahéaﬁnﬁah %Bottle By It d

coupling for the dual node filter: "10a, an HTS ground Iane wWth a

rectangul ar JPEARTRy Rt rﬁ?"Eeﬁtadth’oﬁﬁ Angorg ntl’i@rfe??']‘bm b, an
HTS ground plspeittidy cimaiitsginipagaededy and &feamitehihgoupling for

e e oo AR 3) R Vel Bl T U o0 bl
show ng The present invention further comprises a dual mode
10 filter comprising a) alternating stacked ground planes
and dual mode resonators, b) a high temperature
superconducting transmission line connected to two of
said resonators, c¢) coupling means comprising a mode '
.selective coupling mechanism on each internal ground
15 - plane oriented 45° with respect to a coupling mechanism
on each resonator adjacent to each internal ground
plane, d) tuning rods bétween'adjacent ground planes,
and e) grounding links connected to said ground planes.
In particular the ground planes and resonators in
20 the dual mode filter each comprise a substrate having a
high temperature superconducting film deposited thereon
and are arranged in a stacked formation comprising
a) two end ground planes, (b) two resonators, one
adjacent to each end ground plane and coupled to said
2% high temperature superconducting transmission line, and
c) additional internal alternating ground planes and
resonators each having a coupling mechanism.
The coupling means comprises
(a) a mode selective coupling mechanism on
30 each internal ground plane comprising an opening which
is oriented 45° with respect to ' S
(b) a coupling mechanism on each resonator
adjacent to eaéh internal ground plane comprising a
discontinuity in the perimeter of the patterned high
35 temperature superconducting film of said resonator.



t He coupl i ng mechani sm Flgures 1la and 11b are a cross section view of an
assenbl ed 4-\Y¥P85287% dual node bandpass filter in 25 accordanR€T/UPBH4IRi s
~invention with tuning rods for fine tunlng of the resonant frequenci es of
'the resonators and the grounding mechani smfa connecting separate ground
' planes. Figures 12a-g are the parts for a stacked HTS dual 30 node filter

with round shape confi PHL L o%ﬂ?x%oﬂtg ngeghseég% ‘i%é"%ﬁéq‘ re 12a

shows an HTS ground plane use”in a stac r oun ape ual node
filer. Figures l12mproawidesc cgmmiagtbehueenctmulik@euemﬂ modese whiflke

resonator conponeRing %fouynntf &nteehanszém?»én éaalpf@i&g) o Rhiges  12b

shows a round pattern w rect angul ar not I'ng nechanlsnlfor
coupling two d|stﬂﬁﬂP%ﬁﬂ@é?etFGFP]tHﬁddféF?TCtJEEFQﬂﬁﬂ&;WPQQﬁJ dTh&ttern

\[NI t h] ar ch ang]ﬂl alretfudlredo blieAgadR6HABE SEhé OtowPLNd itk dhath iGinfs! ipreiridedes:
rlerr an err

5 12d_shows the | ayout, of a rqund HTS ground
‘plane with a coup%ﬁﬁbngpgtSFgfcgﬁgn[gF?fgiﬁﬁe %% ?ﬁW?Eﬁ(ﬁﬂ?(ﬂ; & R2e
shows the | ayout eRrkicwlad HéSigedunesphane modd at & -tgdnt’ignﬂ]amt for

coupling the [e”]lo@a%‘io%“within the filter.

10 . One way to increase the power handling of one
dimensional filters is to combine N, where N is an
integer, identical HTS filters in parallel which has N
times more power handling capability than the individual
one. A second way to increase the power handling

15 capability is to increase the line width of the HTS
lines in the filter which can carry more current and
much more power, since power is proportional to the
square of the current. It would be even better by using

~ a combination of these two methods, i.e., to combine N
20 identical filters with wider line width in paraliel.
But a simple combination does not work, because these
two methods have contradictory requirements. On the one
hand, the input and output require 50-ohm matching which
translates into a N x 50 ohm characteristic impedance

25 for the filters in a parallel combination. On the other
hand, the increase of the line width in the filter
translates into a lower characteristic impedance.

‘The present invention provides a converted
impedance junction as shown in Figures la, 1lb, 2a, 2b,
30 3a and 3b to combine the wide line filters in parallel
~as shown in Figures 4a and 4b to solve the problem and
thereby to increase the power handling capability of the
one dimensional HTS filters significantly (10 to
25 times compared to a conventional single 50-ohm

35 filter). |



10 both sides. Figure 12f shows an alternative round HTS ground plane with
an el | i pPA&R28Mpeni ng E-fi el d coupling mechani sm for. coupgpﬁ@sﬁ’fg3f7err]
mode on both sides. Figure 12g shows an alternative round HTS ground 15
plane with an elliptical opening E-field@oupling nmechani smfor coupling
the [err] node on both sides. SUMVARY OF THE | NVENTI ON The present
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conpri sing 309%l9ﬁt i&g@io%vwhgdlffggiﬁguﬁlconprrsing one or two substrates
each havi ng-a”hi gh’ tenper ature super conductor ground pl ane and a patterned
hi.gh tenperature sUberpovesert cinventtion camprisesnphireepbasicng converted

| npedance j ungitm@neoNNofld NBh SR G d id (RmbindtibaNekea rudhippgesds

symmetrically to ap output conbining converted ,
one dimensional low impedance HTS filters with broader

10 line width formed by using a converted impedance
junction. The second is the converted impedance
junction used to combine the one dimensional filters in
parallel. The third is an HTS two dimensional dual mode (
filter formed by stacking a plurality of HTS coated

15 _substratee with coupling means, tuning mechanism and
grounding connections.

Figures 1(a)-3(b) show three versions of the

_ converted impedance junction of the presehtginvention,

20 which is.used for combinihg HTS filters in accordance
with the structures of this invention. The converted
impedance junction comprisee a) a common or sum port,
b) two branch ports connected to said common port
combining or splitting circuits in parallel, and c¢) a

25 matching impedance transformer at the common port. The
converted impedance junction serves two purposes: one
is as a one-to-two splitter.or'a twc-to—one combiner for
microwave signals; the other is as an impedance
converter to convert the characteristic impedance Z. at

30 the sum port or common port to the characteristic
impedance Zc/2 at the two branch'portszand vice versa.

Figures 1la andhlb show the microstrip line version.
"It comprises a substrate 4, an HTS ground plane 5 on the
back side of 4 and a patterned HTS circuit on the front

35 side of 4. Figure la shows a top view of the HTS



8 i npedance_junction, and 3) input and output |ines which are i g nce
mat ched wi tPéQ?f’éstﬂﬁgh terrpez atu?e-superconguctor circuit. Th@?@s ﬁpﬁz

invention further conprises a converted 5 inpedance junction conprising a)
a common port, b) two branch.ports connectedlto said common port conbining
or splitting circuits in parallel, and c) a matching i npedance transforner

at the common pordirchit Pr #18NhibRYseELANL{LE DGILGO DAt iidk gode 10
filter conprising a ternatlng stackeg%%round anes_an dugl noge
resonators, b) agﬁ‘%ﬁ{ﬂ"éﬁ?p@lcaﬁﬁ T8 A% LR IR iBAF L afd $¥PoRTRAPRR HTS

connected to two riifervaitdipeIdnekoRSwith &O¢Ratrddk YL < difpedande @fnode

sel ective coupli L.SOLO | al. gr | enged
[err] with respe%/ggggggu%i g%g?rféc ‘Jéér}lg :I;né}?ns 'ea%?éné%ﬁggg?ggd?%gn to
each internal Sgr oukh @ sharagrerdsthg ivpedapcewhsr 2adinsc énttegasbndfpl anes,

and e) groundi ng }/gk sezezeaisednt R/ 3aiApeaRAEE b ed WHadd RCul ar the
ground pl anes and resonators in 20 the dual node filter each conprise a

substrat e havi ng keRfefentS8Laguidedypavebangich i3l the mentessfrequensieon
and are arranged df thestraaleedsf @bnBei esmBoA®d] Sing a) two end ground
planes, (b) two resongfqrs ;one ACACEBhvEPLER NPty Y MK 314

coupled to said
10 impedance Z3 matches two impedances Z; and 23 at its

input and output, respectively, when

Z3 = (27 Z2)1/2 | (1) -

In this case, Z1 = 2o, 23 = Zo/2, and 223 = 2,/4 due to
the parallei splitting, so (1) is satisfied. The curved
corners in the junction compensate for'the,

15 discontinuities introduced by the junction and to
optimize the matching. In essence, the impedance
converted junctions provide a way to combine the two low
impedance branch lines in parallel with the sum line and
maintains impedance matched at the sum port, which

20 ' satisfies the requirement for combining two low
impedance filters in parallel. '

Figures 2a and 2b show the strip line version. It
comprises a substrate 14, a superstrate 16, two HTS
ground pianes 15 on the back side of 14 and 16, and a

25 patterned HTS circuit 17 between the substrate 14 and
the superstrate 16. Figure 2a shows a top view of the
circuit 17. HTS strip line 11 with a characteristic
impedance 2. serves as the sum port. The two branch HTS
strip lines 12 with a characteristic impedance of 2./2

30 serve as the branch ports. HTS strip line 13 with a
characteristic impedance 2./2 and a length of A/4, which
serves as an A/4 impedance converter. According to the

same principle described above for the microstrip line



25 high tenperature superconducting transm ssion line, and c) additional

i nt er nal ¥PP§R¥IM i ng ground pl anes and resonat ors each havRGEUSSH4IN3| i ng
mechani sm The coupling neans conprises (a) a node sel ective coupling
mechani smon 30 each internal ground pl aype conprising an opening which.is
oriented [err] with respect to (b) a coupling mechani smon each resonator

adj acent to each i ter round |.an rs a discontinuity i.n the

peJrl meter of tHer TJJ;?Q for ﬁ"&nﬁgﬁﬁﬁr tgguﬁa‘ﬁoﬂ‘ﬂm‘?f’%gagl it of

sai d resonat ormicro&flipa Jquolven;immhamaslstmmpemthegconlﬂﬂg@i:afﬂaorpr ovi des

coupl i ng between t we §#KHHHﬂ3gn§¥3% eﬂy & PQ OEELL”9e€EEQ%W$§”‘O”
s cou 5’?

each resonat or prOV|d I ng between two resonan The 5
required or|6HﬁQﬁ|Q9PYﬁrQQQ3 inpedanee Jaassirsns ﬁtoopmmsise% ande sel ection

ot corar Sl oESIBSO, hts peeciasl mmsceteigl Lpogppane o @
PRVENTI OV 10° Front ide’gk ' | 'éi&geggh hoBRch RERGYif OF Whe
di mensi onal fid¢immslt 37,0 @nehiHTS Mentkeer dilei 31lawitht&ger, identical HTS
filters in pardldgleeddidt @S nledance 2, serves as the sum port. The
' two branch HTS center lines 32 with a characteristic
10 impedance of Z,/2 serve as the branch ports. The HTS
center line 33 with a characteristic impedance 2./2 and
a 1ehgth of X/4, serves as an A/4 impedance converter.
The ground planes 35 are on the same side of the l
substrate 34 as the center lines and are divided into
15 three pieces, as show in Figure 3a. Two air bridges 36.
are used to link the three ground planes to suppress the
unwanted odd mode which is generated by the junctioh.
According to the same principle described-for-the
microstrip line version, this arrangement serves the
20 same purpose as the microstrip line version in a

coplanar line configuration.

‘The present invention further comprises a structure
25 for combining filters in parallel comprising 1) at least
two.filters each comprising one or two substrates'each
having a high temperature superconductor ground plane
and a patterned high temperature superconductor circﬁit,
. 2) an input splitting converted impedance junction '
30 connecting said filters in branches arranged
Symmetrically to an output combining converted impedance
junction, and 3) input and output lines which are
impedance matched with the high teﬁpérature super- _
conductor circuit. The ground plane and the patterned
35 circuit can be on the same side of the substrate or on



ti'mes nore pﬁﬁp dIing'capabiIity t han the individual one. y
to increase 58@@@ handling 15 capability is to increase tﬁ@TﬁEﬁ%&&yﬂah
+of the HTS lines in the filter which can carry nore current and much nore

power, since power is proportional to the sqddre of the current. It woul d
be even better by using a conbi riati on of these two rethods, i.e., to

conbine N 20 ide 1t6i bi@ES et Bhai S@5st e Wik Ritidh R lsu®lse BYbsa
si npl e conbi nati on _does not gk becggse th se TWo net hods have
contradictory reqf Fbﬁﬁﬁ??ntég ERCBR LRI, thh Sane, FL &noﬁpﬁuﬁnﬂeaﬂlre

50- ohm mat chi ng witheh cppasd ket sddeat bn aadbtheérd). olThe: lvwmpRisdtiishisC ofNpREance

25 for the filter a o) hand, th

"increase of the I%r?gg&#g?%g M‘?h ﬁgg?tglr?éﬂtl r%}leslq%é’;L (r)‘l' Eaf‘ox%?fy' gut
characterlst|c5|nﬁ@&éﬁ@élehéhpregenosithnﬁ|Qﬁ1qninﬁgigssabe&maeesedn
‘i npedance junctioaah %hmrl Bréi Gﬂéeﬁuﬂ? AfisePt %Oh?l and 3b to

conbine the wide lLine filters I1n para as s own I'n Flgurés 4a and 4b to
sol ve the problenﬁ&ﬂ@eFﬁEPESySPBeFﬁ€¥@%§%P¥rﬁPﬂRﬁﬁ%tﬂﬂﬁﬁdPPﬁgV@&ﬁabbptty of

the one di nensi onglrelféabilt @ké th@nsdmeéafdd Ya (P tieudart ifiRgegQnpared to a
conventional single SOEphnE%g Bglggd)ib shgg an example of two HTS low

10 impedance filters 6 and 6a combined by two converted
impedance junctions 7a and 7b at the inpnt and the
output in a microstrip line form. It comprises a
substrate 4 with HTS ground plane 5 on the back side and
patterned HTS circuit 8 on the front side. The two

15 identical 3-pole HTS filters 6 and 6a are combined by
two converted impedance-joihts 7a and 7b at the input
and output, respectively. 1In this particular case, the
input and output line i_has'a characteristic impedance
Zc = 50 ohm.. The other lines 2 and 3 have a '

20 characteristic impedance of 2o/2 = 25 ohm. According to
the principle described previously, this circuit is
impedance matched at both input and output.

For a conventional 50 ohm HTS microstrip line on
20-mil LaAlO3 substrate, the line width is only 165 umf

25 which limits the power handling capability of a filter |
made of such lines. On the other hand, the 25 ohm HTS
microstrip line has a line width of 830 pm on the same
substrate, which is 5 times widef than the 50 ohm line.

. If the current distributibn does not change with line

30 width, the 830 um wide 25 ohm line can carry 5 times
more current than the 165 um wide 50 ohm line with the
same current density. 1In the traveling wave case, the
power P carried by a transmission line with
characte?iétic impedance Z. can be expressed as



Anot her way to further increase the power handling capability is to use two
di mensi oMQ*S2A6fi | ters. This invention provides a conpacPCHUSIMH2% for
two di nensi onal dual node HTS filters by stacking the 5 -individual dual »
mode resonators as shown in Figures 8, 98 9f, 10a-10c, and 1la-11b. The
present invention conprises three basic elenents. The first is a

conbi nation of a plurality of one di PemsiIén&k | ow i npedance HTS fi2ters
with broader 10 line width fornmed by using a converted i npedance junction.

The second is epnyer '5#341 ' i S C pne the one

di mensi onal fﬁ‘?g?s?i %gp%t?glﬁe . iﬁe dt‘#?%%egns%gatemgggléﬁensi onal dual
node filter fEPREELDTestER&Ki%R) PMIHEFSILine dasHES -Sosdmgs1Bighesstrates

Wi th coupl i ngp&ReéAShahdifg thahHS BAThrHIEdiing . COBRRELI €R8re Convert ed

| mhedance ; untEF oy 24 i £ 0lnets g, At e 150 chen BRepeE, shdwn opn o
conbi ni ng HTSFigutrer4a; ncenparakle ol lregudast 5S0ebhme TS £Lhter) nventi on.

The convert edyhIReARCE; 1L ol RIS 1k CRENRY REnAtEREOTE, D) Lo
branch ports connected to sald conmbn port .conbi nfng or spli ng circuits
in parallel, eapeRilitys whigh s isiesdficantr 4mprovementt t he conmon

port. The CoRNR&VEH, | POCAIE i NGl rUhtS VehdS LU0 cBHERBRESEEe O4€ LRe aS 2
one-to-two spéééégrogrtﬁgtg¥§tfiégga(gﬂgmfx?;éggg in current carrying
’ il 3 ) :

10 capacity may not be proportional to the increase of the
line width. This factor reduces the power,handlihg- '
capability advantage of the 25 ohm HTS filter compared ‘
to the 50-ohm filter, i.e., the power handling
capability improvement may not be as high as 25 times.

15 Fortunately, a power test on HTS lines indicated that
the "current concentrated at edges" effect is eased at a
high power level. Therefore; compared to the regular
50-ohm HTS filter, the HTS fiite: circuit shown in
Figure 4a still has a significant improvement of power

20  handling capability ranging from about 10 to about 25
times. ' ' |

‘The two branches in the circuit shown in Figure 4a
are preferably identical, i.e., the upper haif and the
lower half of the circuit are preferably in a mirror

" 25 image symmetry with respect to the center line.
Deviations from symmetry will result in a performance
degradation due to either the amplitude or the phase
difference between these two branches.

The same principle and configuration are not

3C restricted to the microstrip line version shown in
Figure 4a. The configuration can be in a strip line
version and a coplanar line version'by ﬁsing the
converted impedance junctions shown in Figufes 2a and 2b



. substrate 4, an HTS ground plane 5 on the ba

m'crowave signals; the other is as an inpedance converter to convert the
char act eri st iygo béggnce [err] at 30 the sum port or conmon pecluéssoiive
characteristic inpedance Zc/2 at the two branch ports and vice versa.
Figures la and | b show the nmicrostrip |ine vg sion. It conprises a

é side of 4 and a patterned

"HTS circuit on the front 35 side of 4. -Figure'|la shows a top view of the
HTS - 11 circuit .andqFiguresosar apdl Bhe IeGPGHtévei&Weﬁndwdhnain|tmpeﬁamee

[err] serves as thivantayest.. ENgehwealr 28eR 68 Sthd GiPStFifedd nes 2 with a
line 35 with ac ¥9ﬁ of

‘characteristic |nped ce qf [err%ﬂserve as the brapch ports. HIS mcrostrip

EJRAE&SDE SnveRt 100 chyytshaym [(igr 1], serves

‘as an [err] i nped&ricgmmrsaertiar deehe4[zeﬁ.s] ahgPESERNGE dree dltitléiﬁional

wavel engt h at tarn.fre filters,to bhe i,ne A ferr]
|n¥edange convertéﬁ%ﬂééﬂﬁﬁré g% ég?epugﬁ? % p?%%%ﬁa. gg % es two

i npedances [err] genvesated d-mplemncspdunahﬂonuapmhowrespecmm%s lahand
‘[err] In this casep[ed lana h)%rb]r 3ge5ﬁ 3b[er ]moggs%éﬁfg = [err] due to

t he parallel Sp||tt| I's satls e cur corners in the
junction conpenseuQQWé;gqﬂ$§1°n of filters of the present invention is

shown in Figure 5b, in which the input splitting network

10 and the output combining network are constructed by a
two-stage cascade of the converted impedance junctions,
which has four branches with a characteristic impedance
of Zo/4 = 12.5 ohm. In this case, the input power is
split equally into four channels with four HTS filters

15 in parallel, which increases the power handling'
capability. More importantly, the 12.5 chm line has a
much wider line width than the 25 ohm line which further
increases the power handling capability. Of course, the
cascade is not restricted to 2-stage. It can have

20 multiple stages to increase the number of filters in
parallel and to further increase the power handling
capability. However, there are two factors which limit
the number of filters in parallel. One factor is that
the required substrate area increases with the number of

25 filters, which is réstricted by the available substrate
wafer size. The other is that the characteristic
impedance of the branch lines decreases with the
increasing number of filters, which requires incieasing
line width. A line with an impedance which is too low

30 requires an unacceptably wide line width. In fact, by
definition, a one dimensional filter should not have a
line width as large as a half-wave length.

The HTS thin film materials useful in the practice

of this invention include superconductors with a T¢

35 greater than 77 K. Preferred materials include



15 discontinuities i'ntroduced by the junction and to optim ze the

mat chi ngvoP&28%6ence, the inpedance converted junctions pPEHUEY/M438ay t o
conbine the two | ow i npedance branch lines in parallel with the sumline
and mai ntains i npedance matched at' the sygn port, which 20 satisfies the
requi renent for conbining two | ow inpedance filters in parallel Figures 2a

and 2b show t A | 0 C

superstrate 1g§a$é£$%sﬂ%3§%§§8 3%%%5158gpi%|2|§’sba$ %ec“ﬁ and 16, and
a 25 patterndéd2H2s erri223) 17 Th&\mubsﬂnaiesub$emaaé81$uéhdbihefenperstrate
16. Figure Zauﬁgoﬂﬁré‘lﬁopnc‘!ixf‘dé Yny 'lﬁ.élerdi:‘:‘:':fc lnzteﬂ§15%%tﬂ £188ell wWith a

characteristic |rrpe ance err Serves as sum port e two branch HTS

strip INines 132hFifemeeeh &9 he TS |tr?&é’d§r4cl§' é‘FPPéFFFdSGn itraRdas the
br ?nCht ﬁor:atf S[witﬂ'saslésé) tangerds of tless THanAo! 6003t cnaaedseaeaier r] OIand
a length o err gdance, converter ccordi ng
to the sane pﬁ?%l?iﬂ e ‘g‘g’scﬂ Usa'ag'&ggog %ﬂ%ﬂ%%’r o%‘?q % 5 12
version, thi ‘ i I : < BEsm crostrip line

version'in a stripgn rggg%gﬂwéxﬁﬁ% eFﬁ‘gArg &5 %%n%'}q.sgg S iat NfoggP! anar

-line version of the co ver |on
filter comprising a) alternating stacked ground planes

10 and dual mode resonators, b) a high temperature
' superconducting transmission line connected to two of
said resonators,'c) coupling means comprising a mode
selectiﬁe coupling mechanism on each internal ground (
plane oriented 45° with respect to a coupling mechanism
15 on each resonator adjacent to each internal ground
plane, d) tuning rods between adjacent ground planes,
and e) grounding links connected to said ground planes.
Each ground plahe comprises a substrate having a
high temperature superconducting film deposited thereon,
20 and each resonator comprises'a substrate having a
patterned high éemperature superconducting film
deposited thereon. The-substtate and film compositions
can vary, but preferébly in a particular filter the
substrates all have the same composition and preferablj
25 the films all have the same composition. The ground
planes_and dual mode resonators are arranged in a
stacked formation comprising a) two end ground planes,
b) two resonators, one adjacent to each end ground plane
‘and coupled to said high temperature superconducting
30 transmission line, and ¢) additional alternating
internal ground planes and resonators each having a
~coupling mechanism. ' '_
In particular thé.dua;,mode filter of the present
invention differs from conventional filters in having a
35 selective coupling means. The coupling means comprises



5 substrate 34, and a patterned HTS circuit 37 on the front side of 34.
Figure 3a shW@9528746p view of the circuit 37. The HTS center BGAFSIIMPIh o
characteristic inpedance [err] serves as the sumport. The two branch HTS -
~cénter lines 32 with a characteristic 10 ‘inp&dance.of [err] serve as the

~ branch ports. The HTS center line 33 with a characteristic inpedance [err]

and a length of [gprk, maa@vggéagfagﬁ[saa ﬂ{;fgte LNV teelen TRgeFhgind

pl anes 35 are on the sane _si ne, subst 4 as the center lines_and
are divided into BFouns pdapecCEBPrASingoani PPERNG oich ipverdentsd d4§es
36 are used to |i degdrieRst iea #eepadtPtanss & CcGUPIIRS mddhani¥iAbhedaedd
node which is generated.b t@ﬁ junction. CCﬁédléﬁ%t:)the a principle
described for the HHSOPEECE BPIPRERYFQ) BACH HikS ﬁﬁ%ﬁﬁﬁfrgEVV%s the 20
same purpose aS tlvemprdsdagr apdisgentineivty im the qEmimetdn wf the

configuration. Pa I i;ned ' i : ' Lhisers
The present inven?%%%% S%?ngagoﬁgggggégggét%ﬁg%ﬂ#gﬂagﬂﬁggfggg |§i§ékh :
filters i'n paral | Seseaasorsi ngrefexablEathet gpuplinge meahanisgo®pr tdeng one

or two substrates apiadpiane Bohbeisb§TRRT Gheh tnd URSIAYY Wt YhedeRyBUos
pl ane and a patterned hig erature superconductaor circuit, 2) _an i nput -

hte
splitting convert &S FFOHRAcRIPARCPF oRN 3BPERLAR LR it Sarp Of gepdotn
branches arranged 1dcated atakhg tenteroof pthe corduind pglan®)vandegdhenpedance

coupling mechanism on the resonator comprises a

discontinuity in the perimeter of the high temperature
superconducting f£ilm in the form of a notch, cut corner
or stub. Each ground plane has two distinct modes on

15 each side thereof, e.g., TEjg and TEpy3. The mode
selective coupling mechanism on the ground plane couples
two like resonance modes, such as TEgy and TEgi, or TEjyp
and TEjp, on either side of the ground plane. The
coupling mechanism of the resonator couples two_distinct

20 resonance modes, such as TEg1 and TEjg. The required 45
degree orientation of the two coupling mechanisms
provides the mode selection function and permits
coupling to a particular desired resonant mode at a
particular location within the filter.

25 Figures 8 and 9a-9f show a stacked two dimensional
dual mode 8-pole HTS filtef and its parts. Figure 8
shows the subassembly. The HTS parts are shown in
Figures 9a, 9%, 9c, 9d, 9e, and 9f. The combination of
HTS filters shown in Figure 8 is not restricted to eight

30 poles. There can be any number of poles. Figure 8
shows the sub-assembly 67, in which 60 is an unpatterned
HTS film deposited on a substrate. There are two of
them used as two end ground planes. There are two in-
between HTS circuits 63 and two end HTS circuits 61

35 serving as the dual mode resonators to form the 8-pole



junction, and 3) input and output |ines which are inpedance matched with

t he hi ghwioeds28746t ur e super- conductor circuit. The groundPETAISSS/BAI0N t he
patterned 35 circuit can be on the sane side of the substrate or on 13 -
opposite sides of the substrate, or whenigwo substrates are present they
can be on the sane side in eone and on t he opposite sides in another. The
conpositions qf, .the sugifﬁate re t han one is present can vary, but

5 preferably tHet&mo 8HEo 5'I'%t§lﬂn'§?r P 33 (AP er are the
sanme. Likew pattielra haghngeapeuafuoenenpemupnthgnmﬁchanmmmslhmmm& can vary,

but preferabl¥aikgﬁ%g F§QH§8£eébf pggtafg@igséal (#%éﬁge 4a and 4b show

an exanpl e of &dance conB! ned by two
converted |npéGéﬁG@nFGnEPlBAguvasah§a7b2%1 tPhe i nﬁnnnannra:Wé @disput in a

”10r03tr'p5|'Gﬂcﬁ%ﬁﬁ‘a'Eeé@ﬂBﬁ'éESH@ssybﬁéréﬁﬁbfbd“ﬂé1dﬁgsdﬂﬂméai lblane 5 on
t he back side and patterped cuit on the front. side. The tmo 15 '

i dentical 3- p&AMaFesas; the, %nBuEnﬂrG%“%?\étcorﬁﬁ%&FWq RFanss, &2 apd
i npedance j oi 62a éacanﬁaihngtatbeuphﬂmg slok Gt ilades batiweesl hel n this

par ticul ar casg Ligel BNt 200 QLRYT 61 f7a 1613%, A SIVHACYSldn Uty LgPETanCE

[err] 50 oh
provide the mode selective couplings. The slot 64 in

10 the HTS ground plane 62 as shown in Figure 9d cuts the
current of the TEp; mode shown in Figure 7b, which
provides the coupling of TEp; modes on both sides of the
ground plane 62. The slot 64a in the HTS ground plane (
62a as shown in Figure 9e cuts the current of the TEjp '

15 mode as shown in Figure 7a, which providés'the coupling
of TE1¢ modes on both sides of ground plane 62a. The
mode sequence in the sub-assembly shown in:Figure 8 is
TE10~ (by the cut-corner on the resonator 61)-TEgi1-(by the
slot 64 in ground plane 62)-TEp1-(by the cut-corner on

20 the resonator 63)-TEjp-(by the slot 64a in ground plane

| 62a) -TE1¢9-(by the cut-corner on the resonator 63)-TEp1
(by the slot 64 in ground plane 62)~TEg1-(by the
cut—-corner on the resonator 61)-TEi1p. The slot coupling
is highly mode selective due to the fact that it cuts

25 only the current perpendicular to it of one mode and it
does not cut the current parallel to it of the other
mode. Thus, the same mode is maintained on both sides.
Use of the cut-corner coupling mechanism results in a
change of mode.

30 Figure 9a shows the unpatterned HTS film 60 used as '
a ground plane. Figure 9> shows an HTS pattern of an
HTS cut-corner square 61 serving as a dual mode
resonator and a section of HTS line coupled to the HTS
cut~corner square via a gap serving as the input or

35 output circuit for the TE31¢ mode. Figure 9c shows an



20 characteristic inpedance of [err] = 25 ohm According to the principle
described pr¥Q¥?8746 this circuit is inpedance matched at bot 8/P438hd
rout put. For a conventional 50 ohm HTS microstrip line on 20-m| [err]
"substrate, the line width is only 165 [err],125 which linits the power
handl i ng capability of a filter -made of such lines. On the other hand, the
25 ohm HTS m cr oSk Prki i ' r

HESCpptREEt o cen S s acnet Yaulzel aRiviH5 387

substrate, which 1s 5 tinmes.w e“current

distribution doesdhsl BRAAGECHPRILIT RNBR sAakien. ofc HFS0liner Fowpled 260 ohm
I!tnﬁ can carry 5 thafﬁrsve&t;caéf&&t éci\t?e[ké RALal 65 glapr rs.]ngéﬁSt ﬁQ gﬁﬁ)e %h

Wi e sane current density. e _travel | ng wave

carried by a tranShi SEEBHEI ?%’éc\?\ﬁ Ph Bk ¢ 1s’t"¥\gei‘np€fﬁ‘h€% f%r? oH*he
~expressed as 5 1HTSegrbund plane with a horizdnRalwsaoe 64jSwhbeht sétves
.current carried byethe ki t 0 HTS L1 pe : | JTes
hi gher power hand |sn§ ?ﬁ%ﬁfﬁ%%%nﬁ% glﬁ %gl.e EI%] r%eé?%%?emgﬁzo%m%sgﬁm
filters 6 and 6a PR the grewndipkanmn iThe cauipding sechaoipar &bl thav the
regular 50-ohm HTS16t! £8Es £Ré Schfrem Idtlithd A% ,2ombideandi SHEY i Y& he

[ Pl ' nificant inprovenment.
handl i ng Capablllé%fr&ﬂ% E—kfefdsééhﬁl{ng forlp%e TE¢o1 mode on both sides

10 of the ground plane. Figure 9e shows an HTS ground
' plane with a vertical slot 64a, which serves as a
coupling apparatus for the TEj;¢ modes on both sides of

the ground plane. The coupling mechanism is that the
slot cuts the current of TEjg mode and provides the

15 current/H-field coupling for the TEjp mode on both sides
of the ground plane. Figure 9f shdws a cut—-corner
square serving as a dual modée resonator. The HTS
patterns in all the parts in Figure 9a-9f are deposited
on a lattice matched substrate comprising a dielectric

20 material having a loss tangent of less than 0.0001. _
Preferred substrates include LaAlO3, MgO, LiNbO3, LiTaOjs,
sapphire (@-Al203) quartz, and the like.

For example, if the eight-pole stacked dual mode

HTS filter has a center frequency of 0.5 GHz; the cut-

25 corner HTS square resonator would have a size of 6 cm x
6 cm deposited on a 8 cm x 8 cm square 20 mil thick
substrate with an & = 24, such as LaAlO3. The entire
subassembly shown in Figure 8 would have a size of 7 em
Xx 7 cm x 0.5 cm, which will fit in a slightly lafger

30 outer enclosure, say 8 cm x 8 cm x 2 cm, which is very
compact and easy for maintenance at cryogenic
temperature. Compared to the usual 20 cm x 20 cm
substrate in a conventional dual mode 8-pole filter as
shown in Figure 6a at the same frequency, the savings in



However voosAsag the ‘current tends to concentrate at the g@gﬁ%ﬁ&ﬁ{ne HTS
tWe TAcrease in current carrying 10 capacity may not

proportlonal to the increase of the ling width. This factor reduces the -
power handling capability advantage of 4% 25 ohm HTS filter conpared to
the 50-ohmfilter, i.e., the power handling capability inprovenent may not
be as high asthb dvermd 1 kizeF&ldrurthEebyackepoversiestimra:tﬂ'd‘:daxrm

indicated th centr at edges" effect is eased at a
hi gh power Ie&%?bq?here %%&F&%& 13 cgegg t he regul ar 50-ohm HTS filter, the

HTS filter circui tTTSﬁcﬁ/ﬁrﬁqkrﬁq:ldjmle msPé\iesl*‘ll'l'lsl fadsen ingaceordance mptdvenent

of power 20 tﬂlasﬂcim%t%@aeﬂsbt naeaeghmgnéf%aée%aﬂ@u about 25 times.
The two bganches I the ircuit shown,in gmg 4a are zgilrerably |
i dentical ? i Q?Pa o & CORNgnLienp aP?d%fHT Y&%Nt are %

preferably i e mdnwntaﬁmaumfge.te)tmbwn wht nigesqsecsa tand h6b agy er |ine.

De t f A 'I | f dat due t
either the arfiiny (e gehabrass S8, bpedoBoBEh, 81 ARETC HEELET BRD  anches.
The same pri rlt;ﬁqh disieataid g:um&ttﬁ@n afethet sglosteate, cthel to the
mcrostrip |idyg 4! &Q%V“fzbﬁdg' Qe Ehéafiﬂ?@ um%ﬁﬁ%}e can be in a

strip |ine version an l'anar |ine version onvert ed
i npedancé® JLN%R?QﬁﬂQfﬁﬁﬁM?ePntPFgGP§§°2§nﬁﬁdSEBares Sla, 51b, 51c and

51d, and the ground plane 55 The rf current is

primarily located on the inner side of the cut-corner
sqﬁare resonators and ground plane facing the substrate (
54. On the other hand, the stacked dual mode HTS filter

15 of this invention, shown in Figu:e'e, has two ground
planes per each section and the electromagnetic fields
are spread on both_sides of the cut-corner square
resonators. The rf current is also spread between the
two sides of the cut-corner square resonators as well as

20 between the two ground planes. Therefore, for the same
input power, the current density.in the HTS films is
approximately reduced to one half for the stacked
version compared to the conventional version, which
translates into a 4Ftimes_higher powér handling

25 capability under the same conditionms. _

Figures 10a-10c show another way in accordance with

this invention to provide the E-field coupling between
adjacent HTS resonators. Figure 10a shows a HTS ground
plane 65 with a rectangular cpening 66 located at the

30 maximum E-field of the TEo; mode which lets the E-field
go through it, and which p;ovides coupling for the TEol
modes on both sides of the ground plane. Figﬁre 10b
shows a HTS ground.plane 65a with a rectangular opening
66a located at the maximum E-~field of the TEjp mode

35 which lets the E-field go through it, and which provides



15 and Figures 3a_and 3b, respectively, and obtain the same advantages. A
gener al fgrm‘S?9§’H%74‘Frrs filter conbination of the present i nveRET/ER504302
shown in Figure 5a, in which 42 is any formof one dinensional 5 HIS
filter with any nunber of poles, and 41 is ti® converted inpedance junction
as shown in Figures |la and 1b, 2a and 2b or 3a and 3b. A nore general

~configuration of febdIfng®fedNeHY ABRYt mbAXSENbA bt 1 &£ tH 'Y, “E‘laérien

which the input spljtting network 10~ and the output .combi ni ng networ
constructed by a tﬂ#%‘?ag@%d@‘bﬁhﬂ‘fé éoﬂVBPﬂ-eddP%e'a‘a%e'?'}‘%n%H%,

“which has four bramttiesEvEidldn cdwneigerajsshhcekaﬁ?ﬂancewfc&@;sfise‘s o

ohm In this case, Laput  power. i s split _equgl I nto four channels with
(four HTS filters 1 Q?}g}i’% o sf‘irl\%]\ﬂ“e(,sh%loﬁcFé’gsggaihxéoé%\/\éfyhﬁ?ﬁﬂ”ﬁﬁ’rs _
' capability. MiSe i6dortand |ay gndundl planehG5ki ie hetweenuthe wessndtors wi dt h

B i T ko T i

‘multiple stages toFTIRAERR St
further increase tmedearertiwmniialngodepshubirey. rowWweyesoupied ecdre T4Q

factors which I'im he nunber of filters in parallel. One facfor is_that
‘the requiTed subst’f"%‘%ee Ha £ iRhEerae T i, sgﬁe n%e?r‘é?s section E-field

O course, the cascade ISIN% restri It ca

e kG 26K St PBt BRSIPAUD AR | SXCHIRS tD TEOL

10 distribution pattern is shown in Figure 10c. The
E-field on the right side goes through the coupling
opening 66a on ground plane 65a from the top section
into the bottom section to excite the TEjp mode with the
E-field as shown. The TEj¢ mode in the bottom section

15 excites the TEp; mode via the cut-corner coupling
mechanism'in dual mode HTS resonator 6la and provides
the output. The E-field coupling opening 66a on ground
plane 65a does not provide coupling for the TEg: mode,
because there is virtually no E-field of the TEp; mode

20 at the opening 66a. For the same reason, the opening 66
on 65 provides coupling for the TEg; mode only.
Therefore, this E-field couplings are also mode
selective because of the location of the openings.
Moreover, the.E-field coupling can handle more power

25 than a slot couplihg due to the fact that the opening is
large and is not located at the rf current peak, as the
slot is. |

Figures lla and 11b show a cross section view of an
assembled dual mode 4-pole HTS filter with the invented

30 stacked structure. The filter subassembly comprises two
end HTS ground planes 60, two cut-corner HTS square'
resonators with input and output couplings 61, and HTS
ground pléne 62 or 65 with coupling slot 64 (not shown)
or rectangulat opening 66 (not shown) depending upon the

35 coupling mechanism chosen. All the HTS films are



25 filters, which is restricted by the avail able substrate wafer size. The
ot her s“’?ﬁ%(?s"f'ﬂe characteristic inpedance of the branch PFHESIM2ea5es

W th the i ncreasi ng nunber of filters, which requires increasing |ine s
width. Aline with an inpedance whichi:QZ(XJIOM/BO requires an o
unaccept ably w de Iine wi dtth. In fact, by definition,” a one dinensional

filter shoul dalfbs IENg ulfd‘?r"%}xﬂ;&ﬁscésara%e A3, N2kt VBuBakSOgbYy, The HITS

thin f|In1nate ractice o this |nve I on
super conduct ot8 Raced in Ful fgﬁ-"éhthé!r a metal7 case preputerd material s

i ncl ude 16eh&lbdurd 23 cPTinkcddles [ae"ter %%L% 70k, 18284t ¢dfie substrate

materials suitable f& use herein_include dielectfic materral with
close |atticeSPEEER B 3 3225%,hedy OF & §P9é8 SA-i t 7An®d %#2h a | oss
tangent of5 | esse ttize {hpitd landPreaftputedonnecters]. MyO, [err], sapphire, and

uartz. Stacked T Ei .The present_invention
?urther conprlsesmgégﬁéggirégfﬂ %%J 4g¥WN| %h eg% %Fe?ﬁSBPﬁac¥t§8ﬁed :
ground pl anesedch eﬁctlcmmasmaa:mdmm fidrex hbghet aopurater e
super conduct | §gndé AT Sl Abrld W RBRY 8F el W2sOLuBBLE-AEEONAL 0TS, ©)

coupling neans conprisin
P g resoggéors f% determined by many factors including the

‘10 shape, dimension of the HTS square and the cut-corner as
well as the dielectric constant of the substrate, it is
impractical to expect that the real resonant frequencies .
of the resonators will all meet the specificationms. '
Therefore, tuning is a necessity for the filter to

15 . perform properly. Tuning rods 72 and 72a are used for
tuning as shown in Figure lla. Two tuning rods 72 are
used for tuning the two TEj¢9 modes: one in the top
section and the other on in the bottom section. The
other two tuning rods 72a are used for tuning the two

20 TEp; modes: also one in the top section and the other
one in the bottom section. The tuning rods are made of
dielectric materials with high dielectric constant and
low loss tangent such as sapphire, quartz, ceramic, and
the like. The dielectric constant of the tuning rod

2% material preferably is within 50% of the highest

' dielectric constant of any substrate material employed
in a ground plane or resonator of the filter. The
tuning rod is placed at the maximum E-field of the mode
to be tuned. Since the maximum E-field of the TEp) mode

30 is located at the minimum E~field of the TE190 mode and
vice versa, the tuning can be done separately for each
mode without interference.

.There are three HTS ground planes in the filter
shown in Figures lla and 1lb: two end ground planes 60
35 and one in-between ground plane 62. These three ground -



sél ective coupling mechani smon each internal ground plane orlented err|
with respect W893¥*8%pl i ng nmechanism 15 on each resonator adj BEEH#S0A3Rach
_i'nternal ground plane, d) tuning rods between adjacent ground planes and
e) grounding |inks connected to said ground @3nes. Each ground plane
conprises a substrate having a high tenperature superconducting film

depost ted t her eon o Blie & ARG AT UL L8321 8BS ALe LAV N0 @

patterned high te erature supercon uctin €pPOSi heP 2o S The
substrate and fil nftbe@oste irgrferm praperlyut B‘hé%camlyemchigmd.hmme

filter the SUbStr&h@Eaﬁ' {gdRy o e 1527 Q&apoalrbhﬁasaaﬁ E6RELEEP h She L he

films all have the sition. he gro anes and dual node .
resonators are ar r% frFrg‘Bb rung P Eﬁﬂ‘%‘:n@s aFheWR BhERA ound
pl anes, b) two5r esemalomlsd wiew doj Fdeyuiret albaclinewﬂighOtmd méta® and

coupl ed to said high aéﬂmﬁ{été&& REHSO q.léctdl ggs§g8&r§ S %?Szégr}b%ih haand

.C) additional alternating iInterna groun plan Vi ng
a coupl i ng nechani g¥Runds i i€ land exseaded bodthei edges odf tttee mvesent

invention differs Sukde caiuent izkalske! HAr 45 Blgé%{;nggéiﬁg‘t S o4t Side
coupling means. Theifngﬂthe ég?%?%ofo &Eieprovides secure electrical
10 . contacts between the case and'the ground planeé as shown
in the exploded view.
The stacked dual mode multi-pole filter shown in
Figures 1lla and 11b is not restricted to four poles. It
can be as any number of poles. The HTS thin film
15 materials can include any superconductor with a Tg

greater than 77 K_and preferably is ¥YBazCu307, T1lBaCaCuO
(2212, or 1223), (T1Pb)SrCaCu0 (1212, or 1223). The
substrate materials can be any dielectric material with
close lattice match to the HTS thin film deposited on it
20 and with a loss tangent of less than 0.0001, and
preferably is LaAlOa, Mgo, LiNbO3, LiTaO3, sapphire, or
quartz.
In the filters of the present invention such as
those of Figure 8, 10c or 1lla, the HTS ground planes aﬁd
25 the HTS dual mode resonators are not necessarily
confined to the square shape. In fact, since most
available substrates are round in shape, the round shape
configuration of the HTS ground planes'and the HTS dual
mode resonators is more favorable for taking advantage
30 of the largest physical area of the substrate.
Figures l2a-g show some examples. Figure_12a shows an
unpatterned round shaped HTS ground plane 86 deposited
on a substrate (not shown), which can be used as an end
plane of a stacked HTS'dual'mode filter, such as to
35 replace the end planes 60 in Figure 8. Figure 12b shows



a) a node sel ective coupling nechani smon each internal ground $Ian

conpri si WQ2%888WPeni ng which is oriented 45 degrees with r BSHUS4302%,) 3
coupl i ng mechani sm on each resonator adjacent to each internal ground pl ane.
5 conprising a discontinuity in the perid#eter of the patterned high

t enperature superconducting filmof said resonator. Preferably the

coupling echanisdh@Nshdised! QUL HRa00HRv13ES 2ANHRBCRLNY hogat ed at the

edge of the ground plane or an open;pﬂ I'n the formo | ocat ed at
the center of FeFRNYFRKIAP [RarfePosiFadoncdusubsgratendAidm onTree resonat or
conprises a ddsabrtha:@eutqsoxmﬁd:e §5¢a ) nstuppoat st heohinghekerrpﬂ:@f F-5,7 |

super conduct | g, § 14 Mk 1 ERML8hage GLEN1o Yes CRTOSL RlesldlD- Each

ground pl ane stlnct each si ., [err]
and [err] 5 TQEShtihutinmﬁnshnamcGmpmﬁmgrnedhanhsmeonangelgronoﬂcmlane

coupl es two | aKe S%%’% q]mgggtekghahsﬁ\nﬁflreﬁﬁésertl,srrl and

[err], on eit e groun e coupl 1 ng nechanism of the

resonat or coupPeeS t woF tFu%e ’E@m"’r@s@%‘ﬁ'@esﬁéﬁéé cigenlits80 &Pt ] and

[err]. The remakvifg &5 Eim&%di{dt%ﬂ 5 (®) atpbbatéuooﬁoapéwgtmam St
provi des the ﬂg sel n funciion and perghta?cou g to a particular
desired reson hode ? ﬁﬁnﬂﬂ FRSABELE; 8R (R ¢ AR p?ﬁ St¥¥er. 25

Fi gures 80andnode®f <FRoy @nck FEedsimblai mmdikmalquare vexsdod- pdke HTS
filter and itgnhpagisredd Wik Aritd¥hs! BhowPASPIBLYe The ATS parts are

shomn I n -
rectangular stub 81(b) provides the coupling mechanism

for these two modes. Both circuits 80(a) and 80(b) can B |
be used as the dual mode resonators in a stacked HTS |

15 dual mode filter, such as to replace the dual mode
resonators 63 shown in Figure 8.

Figure 12d shows an HTS ground plane 87 (a) with a
horizontal coupling slot 82{a) providing coupling for
the TEq1 modes on both sides of the ground plane.

20  Ground plane 87(a) can be used as an internal-ground'
plane in a stacked HTS dual mode filter such as to
replace the ground plane 62 in Figure's. Figuré 12e
shows an HTS ground plane 87(b) with a vertical coupling

_ slot 82(b) providing coupling for the TEjp modes on both

25 sides of the ground plane. Ground plane 87(b) can be
used as an internal ground plane'in a stacked HTS dual
mode filter, such as to replace the ground plane 62a in
Figure 8.

Figure 12f shows an HTS ground plane 88 (a) with an
3¢ elliptical shaped opening 83(a) providing the E-field
cdupling for the TEp; modes on both sides of the ground
piane. Figure 1l2g shows an HTS ground plane 88(b) with
an elliptical shaped opening 83(b) providing the E-field
coupling_for.the TE190 modes on both sides of the ground
35 plane. Ground plane 88(b) can be used as an internal



Fi*gur es 9a, Qp ?/Sam?d 9e and 9f. The conbi nati on of HTS fi I{,m%%lhg%@ in.

Figure 8 is no ? restricted to eight 30 poles. There can be any

pol'es. Figure 8 shows the sub-assenbly 67, in which 60 is an unpatterned
HTS fil m deposited on a substrate. There are2fwo of them used as two end

ground pl anes. There are two in-" between HTS circuits 63 and two end HTS

;:i Ircui tsA|61h35 ﬁerg\tid‘n@cnialhhe dunab Eadekéesnmst@msl tode rfn e, SsR@heas 18
ilter t houg e uj t nd" &.809 S_a sgua tter aving a

cut - cor ner coupllkg %é %1 oﬁﬁ8Pn§2P?3Pﬁs§§? {idgf *di scussed
hereinafter in refer encPdlt d:lié dlilceers2aflfhe ﬁhesemsoi:mmmsicﬁﬂ aAles aseful
orout put Sﬁ%‘ or o uenie 588 Est °1h W CHOuEHE MimBiHS Baguag "
pl aced bet ween3t h&igg %@ﬁ@ HP81F-§§§#|QP§r%n630W®181t @nct;midtiaalrh'em and to
provide the node sglcgchiave eggaletnsgs EIQﬂpséQtn@élm& J&lé&bﬁmkﬂﬁc%%ﬂd

pl ane 62 as shown ,in Fi cuts_the current of [err] showh in
Figure 7b, which pP&HE nf:ﬁeaéoﬂﬁi?'nﬁs Fa?%FrTn‘?‘rrﬁj]e%C"tﬁP"&(ﬁ wym -of the
ground plane 62. The slot 64a in the HTS ground plane 62a as shown in
Figure 9e cuts the current of the [err] 15 nopde as shown in Figure 7a,

whi ch provides the coupling )



Sub- asSHRIREI °34mw1@§mnﬂl“mf2??] (b the-cut - cor ndETBOEAD AL
61) - [err] (by th I'm gtounhd plane 62) [err] (by the cut-corner on

20 the resonator 63)-[err]-(by the sl ®664a in ground plane 62a)-[err]-(by
the cut-corner on the resonator 63)-[err] (by the slot 64 in ground pl ane

62) [err] (bynaPeisubrspne®rign the resonator 61)-[err]. The slot coupling
is highly node selective due to th it cuts 25 only the current
perpendi cul ar to tt of BoRBTRGHRTS FthRRi;Eﬂﬁ dktense oy PRgAL L84ral el to
it of the otbempsbsitng Thus, the sane node. i s naintained on both sides. Use
of the cut-corner couphking C S e 30 .

Fi gure 9a shows the ungzttegﬁegggﬁgf#&$ f%%éﬁé%dﬁggpgﬂ%l dﬁ3$%1§ﬁ§ Fi gure
9b shows Jan eFEyatsehstrdtes ead dxﬁvicmnemgé}uaempemureu ng as a dual
mode 1 esonat ghp@PCoRdeeEd C&E&Ind"ﬁédé’%n@@bﬁ@tb%nhaehﬂﬁ cut - cor ner

square via a gap serving as the |nput or output circuit for the [err]
node. F|gurEe@Ee§4EH€§eﬁPPerQRPq#R§Q£NQ?§QHi§ﬁ an HTS cut-corner square

serving as a dual ﬂDdezyesoaﬁtQﬁpﬁﬂdsﬁlﬁﬁﬁin rbdﬁvéfﬁidlﬂm@eaa%@bed to t he
HTS cut - Corn§unggyg£ecgg§2é¥f¥§)s§¥\nf¥1€%ist gnches arranged

10 symmetrically to an output combining converted impedance

junction, and

3) input and output liﬁes which are
impedance matched with the high temperature ‘
superconductor circuit. '

15 2. The structure of Claim 1 wherein for said
filters | |

(a) the ground plane and the patterned
circuit are on the same side of the substrate,
{b) the ground plane and the patterned
20 circuit are on the opposite sides of a-substrate, or
{c) a combination of (a) and (b).
3. The structure of Claim 1 wherein for said
filters each high temperature superconducting film is
has a To of greater than 77 K. '

25 4. The structure of Claim 3 wherein each high
temperature superconducting film is independently
selected from the group consisting of YBazCu307,
T12BazCaCuz0g, T1lBazCazCu3Og, (T1Pb)SraCaCuz07 or
(T1Pb) Srz2CasCu30g.

30 _ 5. The structure of Claim 3 wherein each film is

" deposited on a substrate comprising a dielectric
material having a loss tangent of less than 0.0001.
6. The structure of Claim 5 wherein each film is
deposited on a substrate independently selected from the

THIS SHEET HAS BEEN |-
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o ane bt n e I TR o5 hocounr g Emnisfgs:

the [err] npdes on both sitde$ of the @round_flane. The coupling nmechani sm
Is that the slot cuts the current of the [é@ ] nmode and provides the
current/Hfield coupling for the [err] node on both sides 10 of the ground
pl ane. Fi gure 9greupwsomsistithgrofiileazdiOyne Mgl hLaNbes/ | kilfaty,otsapphirehi ch
' serves as a coupgkngu paratus for the [err] nodes on both sides of the
* ground plane. Thé couprrng mechanismis that the slot cuts the current of
[err] node and provi dés t hBhesstructere/¢f {Glaidm dowherednf saidh§illbers node
on both sides of athe;grpuoropt A 1 Fd Wekndl sthaPs 18neUEsERT HET P £r
serving as a dual ,node resonator. The HIS patterns in all the parts In
Fi gure 9a- 9f 2ar el4BBoEPFRd on a lattice natched substrate conprising a
gi e:c ectrijc 28 mat eri 8l lhaghagsarheeﬁréadngea:uam 1 ﬁiﬁt&ﬂ&&ncemﬁeﬁﬁing a g
referred substrat ipclude [er ] rr apphire [err artz, an
the like. For ex HS?%,SQ??etﬁ%i%ﬁ tq’\%gﬁ 5%‘928%583# fretes filter has a
center frequencyiwpe@adc&Hunetionsut - 25 corner HTS square resonator woul d
have a size of 6 cm xg6 cmpd 3 o ; q LI thick
substrate with an [errg]' :%4,8823%£€§% |$r%r€éﬁ1§‘%ﬁ&@r‘% slég’@gsrgg'%g?y shown
in Figure 8 Mbuld have a sPle of POBRPR FOE¥a x 0.5 cm which will fit in a
slightly larger 30 outer ppclog4bepran¥hSpéitx dorilBoted @8 séhidCBommoMery

port combining or splitting circuits in parallel, and
c) a matching impedance transformer at the

common port. _
15 - 10. A dual mode filter comprising
_ a) alternating stacked ground planes and
dual mode resonators,
b) a high temperature superconducting
transmission line connected to two of said resonators,
20 ) coupling means comprising a mode
‘selective éoupling mechanism on each internal ground
plane oriented 45° with respect to a coupling mechanism
on each resonator adjacent to each internal ground
pPlane, _
.25 . d) tuning rods between adjacent ground
planes, and _ :
 e) grounding links connected to said ground
planes. _ : :
11. The filter of Claim 10 wherein each ground
30 plane comprises a substrate having a high temperature
superconducting film deposited thereon, and each
resonator comprises a substrate having a patterned high
temperature superconducting film deposited thereon.

! rHiS SHEET HAS BEEN
i REPLACED




. shown in Figur

conpact and easy for ryogeni c tenperature, ared to t e
usual 20 WQ%28 cmur"mmn lmﬂ“mnventlonal dual rode Q’CB‘?}PSQS’?‘F‘P% er as
shown in Figure 6a at*the dam® fsequency, the savings in 20 the overal

size for the stacked version in accordance8with this invention is clear.
The stacked dual node HTS filter in accordance with this invention also has

a hi gher power hangli ng a t Y et
filter. The convem(:il onal a‘Thgl ?glr%gh bt Eigiﬁgg?g‘\s{ﬁ% anzg%%uj??las only one
substrate and BAangeoand - ﬁpaheNOQQeI?QPQ¢E9#ﬁgﬁfﬁhﬁﬁqaﬂgﬁﬂci@oﬁstant of the

substrat e, thesgheﬁbaogagmgﬁgsnf¢@h§§i§{n he filter -are primarily 10

| ocat ed between the cut-cQrner squares 51a 51b, 51c and 51d, and the

ground pl ane 55. The rf rreﬁ? |§n8r9ﬁ8PPPyp B0&ed on the inner side of

t he cut-corfer square redjnat awe aedogatord, pbaecafijacent tte eadisterat e 54.

On the ot her h \C IS invention,
§eGunfB18hE°2RE i) AT 00 Haid Adh chmberdinbd T

eIectronagnetl§upﬁabésda¢§189réaﬂn%mﬂ¥§ﬁ¢ns#inﬁy(ﬂhdkmecut corner square

resonators. The rf curreyt |%dafggogg&eaqtgghgegﬁgtbgtégﬁhﬁlégghdg t he

cut-corner square resonators as well as
' planes and resonators each having a coupling mechanism.

10 13. The filter of Claim 10 wherein said coupling
. means comprises

a) a mode selective coupling'méchanism on
each internal ground plane comprising an opening which
is oriented 45 degrees with respect to '

15 " b) a coupling mechanism on each resonator
adjacent to each internal ground plane comprising a
discontinuity in the perimeter of the patterned high
temperature superconducting f£film of said tesonator.

14. The filter of Claim 13 wherein the coupling

20 mechanism on the ground plane comprises an opening

- located at the edge of the ground plane or an opening in
the form of a slot located at the center of the ground '
plane. ' )

15. The filter of Claim 13 wherein the coﬁpling

25 mechanism on the resonator comprises a'discontinuity in
the perimeter of the high temperature superconducting
film in the form of a notch, cut corner or stub.

16. The filter of Claim 11 wherein each high
temperature supercondﬁcting film has a T; greater than

30 77 K. - |

17. The filter of Claim 16 wherein each high
temperature superconducting film is independently
selected from the group consisting of YBazCu3O7;
T12BazCaCuz0g, T1BazCazCu3Og, (T1Pb)SrzCaCuz07, or

35 (T1Pb)SrzCazCu30g.

THIS SHEET HAS BEEN
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20 between gro refore, for the sane
the current“Id;]%at!’%\‘i/)6 mmi &Hl!ﬁ appr oxi mat el y reducelc]i’&?o oérz((% aIf
for the stacked ver5|o conventlonal version, which '
franslates into a 4-times hi gher power hand#®ng 25 capabiLity under the
sanme conditions. Figures 10a-10c show another way in accordance with this

i nvention to provideighe ETheefdla@upéfrmné&ﬁ\mﬁmwnyﬁemmeathTﬁlgﬁsonators
Figure 10a shows_a HIS round | ane q$ thé,g_rl ﬁsangaﬁa openi ng 66

| ocated at the 3D5™REXF BE P @%: fe ets the E-field
go through it, anmpbsthi@mDV|des coupling for the [err] nodes on both

si.des of the ground ggane ﬁéggif%épn°§r5&¥&n?nggFg&%ﬁnggEﬁngfg gtéh a

rect angul ar openi ng a locate t he nmaxi nu hode 35

which lets t Elsuénae@%n@mwgwq&ecm fxemc gher sypugsconstatianmmf ng for
the [err] npdes paabosh minksss,ofLitraesgrrgoy ﬁpplﬁrfl@,lr@aﬁh&(‘z shows a

4-pol e dual node HIS filte E-fie d coupl. ing.as exa
conprises two end HT$ Bgrou{% %gﬁ ’@ QﬁﬁﬁggﬂTSaFgEBHQ?Bthg 61a,
and a ground pIahasGEhelsamenmmmpbsﬂuidnasonators with an E-field coupling

openi ng 66a. The duaby modeqhSe] £50PALPTC i B WAL :35aPPahiRY! -58¢

excites a [err]
10 comprises a dielectric material, having a dielectric

constant within about 50% of the highest dielectric
constant of any substrate of the ground planes or the
resonators.
22. The filter of Claim 11 wherein said grounding
15 1links comprise
a) a metallic contact on the edge of each
ground plane, and
b) a metallic gasket connected to each said
' metallic contact and to an outer enclosure containing
20 the filter. '
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nmode in the Ws,m%e square. It is coupled to a [err] node VPEr/9595/04302
cut-corner in 6la. The cross section E-field 10 distribution pattern is

shown in Figure 10c. .The E-field on the right side goes through the _
coupl i ng opening 66a on ground plane 65a fromthe top section into the
bottom section to excite the [err] nmode wi §fldhe E-field as shown. The
[err] nbde in the bottom section 15 excites the [err] nbde via the

cut -corner coupling mechanismin dual node HTS resonator 6la and provides
the output. The E-field coupling opening 66a on ground plane 65a does not
provide coupling for the [err] node, because there is virtually no E-field

of the [err] nod t openi ng 66a. For the sa o] t'he openi ng
66 on 65 provi de?ﬁt@ljngb or the [err] node only. rTFhﬁGspme,(]thi s E-field
couplings are al so node sel ective because of the |ocation of the openings.
Mor eover, the E;fielgkfnupling can handl e noFe=power—25tiama Stot ]
coupling due to the Egﬁ? that the opening isflarge and is not |ocateq at
the rf current peak,ié?ﬂ le slot is. Figures| 11la and 11b show a cr oSS
section view of an a;;éfpled dual node 4-pole HTS filter w t he i nyented
30 stacked structurei%ﬁ?ﬁ- filter subassenbly] conprises t '¢ jZEV' grjound
pl anes 60, two cut-cgy @ HTS squar e resonat - out put
und pl ane 62 or 65 64 (nqt

couplings 61, and HT
shown) or rectangya ning 66 (not showh)
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35 coupling wBeka@ism chosen. Al the HTS films are 22 depefishboshzen
four substrates as shown. The subassenbly is placed in and he?gqby a netal

case or -outer enclosure, which includes a top cover 70a, a bottom cover 70b
_and a case body or sidewalls 70. 71 and 712§§ re the input and out put
~connectors. Bandpass filters require the r H@nt frequency for each of the
resonators in the filter to be accurate. Since the resonant frequency of
the HTS cut-corner resonators is determ ned by many factors including the
10 shape, dinension of the HTS square and the cut-corner as well as the
dielectric constant of the substrate, it is inpractical to expect that the
real resonant frequencies of the resonators will all neet the
rspecifications. Therefore, tuning is a necessity for the filter to 15
perform properly. Tuning rods 72 and 72a are used for tuning as shown in
Figure 11la. Two tuning rods 72 are used for tuning the two [err] nodées: one
in the top section and the other on in the bottom section. The other two
tuning rods 72a are used for tuning the two 20 [err] nodes: also one in
the top section and the other one in the bottom section. .The tuning rods

are made of diel EF[IIG nsb'l als with high diel ectri.Fmtataand

] Zc/2\ /32
Z \/
3%% 35T~ . | T
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| ow | 0ss tangwblessstab as Sapphire, quartz, ceramc, and the | ipggmsdéiusoz

,dielectric constant of the tuning rod 25 materi al
of, the highest dielectric constant of any substrate nmateri.al

ground plane or resonator of the filter. The tuning rod is placed at the
maxi mum E-field of the node to be tuned. S3A4& the maxi numE-field of the
[err] nbde 30 is located at the mninumE-field of the [err] nbde and vice

ver sa,
‘interference.

pl ane 62. These t gr ound

the tuning can be done separately for each node wi thout
There are'three HTS ground planes in the filter shown in

5

| anes must be well connected

preferably is within 50%
enployed in a

Figures 1la and 11§i two end ground_pl anes 60 35 and one i n-between ground

electrically for t T - o oo o T s laT- W= Tad | INAVE=Te B o))
; TR A R ey

in

.which two netal wkapParound sontacts 73 are depgsited on top of HTS grounds

pl aced against the left side wall
el ectrical 10

160, 62 and extenddd-to the edges of the two su®strates. A gasket 74 is

of the case 70, which provides secure

contacts between the case and the ground pl anes as shown
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in the expl ogedsusry. The stacked dual node nulti-pole filterpcaiusosodso:
Figures 1la and 11b is not restricted to four poles. It can be as any

nunber of poles. The HTS thin film 15 materials can include any _

I superconductor with a Tc greater than 77 preferably is [err], (2212,

- or 1223), (TIPb)SrCaCuO (1212, or 1223). ubstrate material s can be any
- dielectric material with close lattice match to the HIS thin-fil mdeposited
-on it 20 and with a loss tangent of less than 0.0001, and preferably is
[err] MJO, [err], sapphire, -or quartz.H:Ge SHers of the present

i nvention such as those of Figure 8, 1dc Lled\& he HTS ground pl anes and
25 the HTS dual node.resonators—are-not-necessarily confined tq the square.
shape. In fact, since nost avail able substrates are round in shdpe, 'the
round shape configuratiop of round pr anes) and-the S dqual node
resonators is nore favorfbl (o] advq@t age B0 _Jof thqg | ar]gest

physi cal area of the subptr s 12a=gr show sonfe exanpl e§. Figure
12a shows an unpatterned|rou HIS graound._nl ang 8Q dgposifted on a
substrate (not shown), ed as ap end pl ane_aaf a stlacked HTS
dual node filter, such ap tg 35 rppldce the end p]angs 60 ijn Fijgure 8.
Figure 12b shows . 42

42
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24 a round 9% jrcuit 80(;31) havi ng an HTS dual node resopatRkesiasi
deposi ted o§ﬁ§93u7§%rate 84(a). The dual nopde resonator 85(a? supports two

- modes: [err] and [err] simlar to the square version with the current 5

- distributions shown in Figure 7. A rectangular notch 81(a) provides the

- coupl i ng mechani smfor these two nodes. B4 e 12c show a round shaped
“circuit 80(b) having an HTS resonator 85(b) deposited on a substrate 84(b).
. The dual node resonator 85(b) supports two 10 nodes: [err] and [err]
simlar to the square version with the current distributions shown in -
Figure 7. A rectangul ar stub 81(b) provides the coupling nechani smfor
these two nodes. Both circuits 80(& and 80( can be used as the dual
node resonators in a stacked HTS 15u:dua| nDdeofllteuq such as to repl ace

t he dual node resonators 6 s , HTS
ground plane 87(a) with a orlzontal '(a) prOV|d|nc coupling
for the [err] nbdes on bot ¢. 20 G ound]|pl ane
87(a) can be used as an infernal 3l node
filter such as to replace | igure 8 Figurejl2e shows
an HTS ground pl ane 87(b) i (b) proyiding _
coupling for the [err] nod d plang. G ound
pl ane 87(b) can be ~
S B & 3
-L_'g g 7
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used as an i round plane in a stacked HTS dual node f] r._such as
.to repl ace tawé&g%)%h?\% pl ane 62a in Figure 8. Figure 12f shombéﬁ%m%qzound
‘plane 88(a) with an 3C elliptical shaped opening 83(a) providing the '
E-field coupling for the [err] nodes on both sides of the ground plane.
Figure 12g shows an HTS ground pl ane 88(b) @dftlh an el liptical shaped

openi ng 83(b) providing the E-field coupling for the [err] nbdes on both

- sides of the ground 35 plane. Gound plane 88(b) can be used as an

i nternal 25 ground pfane in a stacked HTS dual node filter, such as to
repl ace the ground plane 65a in Figure 10c. All the filters of the present
invention are useful as_frequency selectors in microwave conponents having
5 widespread appli caEmi nZ mrercial and mlitary m cmﬁ s?bems.
| Exanpl es include teleCo catYon, instruments as well ad r re dn

‘el ectronic systens. 26 What is claimed is: 1. A structure for
conbining fil tersAi n parall el
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cdrrpri si ng lyo d&sghgast two filters each conprising one 5 ory {ai‘)ﬁssmsoz
na p

substrates each having a high tenperature superconductor grou

patterned high tenperature superconductor circuit,
iconverted inpedance junction connecting said
10 symmetrically to an output comnbining con
out put lines which are inpedance matched with the high

' seThe structure of Claiml

3) I nput and

.tenperature superconductor circuit. 15
wherein for said filters (a)-

~are on the sane side of the substrate,a;b
circuit are on the opposite
The sé&\

.patterned 20
i conmbi nati on of
filters each h
greater than 7
t enperature su
consi sting of

70

2.
the ground plane a

ane and a
2) an input splitting

ters in branches arranged
ed i npedance junction, and

the patterned circuit

er conducC

The stru
mis indep
[err].
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30 5. .

' than 0. 0001.

woldipgir ucture of Gaim3 wherein each filmis W,%E%ogn a
substrate conprising a dielectric material having a | oss tangent 0 ess
6. = The structure of Claim5 wherein each filmis deposited

. on a substrate independently sel ected fr@pfne

t[err] MO, [err],

rsaid filters
‘ line.form _8.

are i CLOS
Thg=s r$c.t
cascade of input and output -converted inpedance junctions.

sapphire or quartz. 7.

i npedance junction conprising 10 a)

branch ports
in parallel,
15 10.

ground pl ane

super conduct i

conprising a)
bt or s, . b)

ANlnst
mlinmnts
§§§g\§§§§§§

FIG.9c¢
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ipline form strip line for coplgnar 5 -
éﬂof Claim1 further conprisﬁi@_ Ebstage
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ghmon port conbi ni |
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a hig

27 group consi sting of

The structure of Caim1 wherein

converted
t wo
its .
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Algorrrmn port,

FIG.Of
Ay

~—63




tTansmi ssi o bi connected to two of said resonators, 20 C)
coupl i ng megp{ 9@2% I sing a node sel ective coupling nmechani s RCaPsg302
internal ground plane oriented [err] with respect to a coupling nmechani sm

on each resonator adjacent to each internal ground plane, 25 d)
tuni ng rods between adj acent ground pl ane®/¥hd e)  grounding Iinks
connected to said ground planes. 11. The filter of Claim 10 wherein each

ground 30 plane conprises a substrate having a high tenperature
superconducting fil mdéposited thereon, and each resonator conprises a
substrate having a patterned high tenperature superconducting film
deposi.ted thereon. 28 12. The filter of Claim1ll wherein said ground

pl anes and dual rmdefg}@at ﬂ&@ re arranged in a stackechxorGat |10QP
conprising a) two en du pranes, 5 b) t reso ors,

one adj acent to each end ground pl ane and coupled to 'said high tenperature
super conducting gransmgsion line, and c) . additiongl alternating internal
gr ound Kf? 68 _ x y

“}-664

65a




pl anes and r eWmas/z8786 each having a coupling nechanism 10 13. The
ilter of Claim10 wherein said coupling neans conprises a) BCTHS95/04302
sel‘ective coupl i ng mechani smon each internal ground plane conprising an

opening which is oriented 45 degrees with re B?gs to 15 b) - a

coupl i ng mechani smon each resonator adjacent each internal ground pl ane

conprising a discontinuity in the perineter of the patterned high

t enperature superconducting filmof said resonator. 14. The filter of

Cl aim 13 wherein the coupling 20 nechani smon the ground plane conprises
an opening |l ocated at the edge of the ground plane or an opening in the

formof a slot |located at the center of the ground plane. 15. The filter

of Claim 13 wherein the gyl i ani sm the resonat or conprises a -
discontinuity in the perineter of the R tenp ure su nducting film
in the formof a Rbtch, filter of daimll
wherein each high te r g%
30 77 K. 17. The '

superconducting filmi , NSy i ng-A&
[err] [err] or 35 Ll : ! 714

KK —

S
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29 18. Thewfd of C aim16 wherein each hi gh tenperature N

. superconducti“);]dggs?zlgf"r% has the sane composition. 19.  The fil tRET/G0S@4382 m 11
i wherein each substrate 5 is independently selected fromthe group

i consisting of [err] sapphire or quartz. 20. he filter of Claim19

- wherein each substrate has the sane corrposi'tva . 21, The filter of daim
11 wherein said tuning rod 10 conprises a dielectric material, having a
dielectric constant wthin about 50% of j#%/8gst dielectric constant of
any substrate of the ground-planes or ///,/// /;éf//'/’) s—86. The filter of
Claim 11 wherein said grounding 15 Ii /47: % gv//; 2 a nmetallic contact
on the edge of each ground pl ane, and e/ Ac gasket connected to _
each said netallic contact and to an ©EY/Z9% A cont ai ni ng 20 the

filter.
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