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performance integrated filter banks are «critica
conponents of, e.g., advanced channelized receiver and
exciter nodules. These require mniaturized | ow cost
filter technol ogy offering excellent perfornmance, as
wel | as high manufacturing yield to reduce costs.
[0002] Currently the production mniature UHF, RF, and
m crowave circuits, especially filters, are based on
"l unped el enment” technol ogy where | unped capacitors
("Cs") and inductors ("Ls") are used to construct a
filter. Such filters are expensive due, e.g., to the
extensive to tuning tine needed to tune each filter.

oot print. MORaveR ERIRIPEAN LRTRARIEL SR raRs 0°

relatively heavy. [ 0003] Anot her approach for filter
mniaturization utilizes Lanthanum Al um nate (LaAl Q3)
substrates with an assuned relatlve dielectric
constant of sr = S

the past only bee j
tenperature superconducting ("LTS") filnms. Such
substrates are expensive, suffer froma hig

di $008dht i drpvdleessi oy, weisle ané‘hlgh@erbﬂh@mceu@mm@ 1dter bpuks are
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exi sts, where such distributed snall Tilters have

pl aywdll anhighpeanufacturingl yagld & teditge aoistsa consi der abl e

cost, as discussed in "Conpact Forward- Coupl ed

Super conducting Mcrostrip Filters for Cellular
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5, edfecially fille@5are paspdon? BlibpedB&Bent” technology where lumped capacitors

have in

(“Cs”) and inductors (“Ls”) are used to construct a filter. Such filters are expensive
due, e.g., to the extensive to tuning time needed to tune each filter. Furthermore, such
filters require a relatively large foot print, a high Z dimensional height and are

relatively heavy.

[0003] Another approach for filter miniaturization utilizes Lanthanum Aluminate
(LaAIOs) substrates with an assumed relative dielectric constant of €, =24. These
types of material have in the past only been used in the growth of low temperature
superconducting (“LTS”) films. Such substrates are expensive, suffer from a high
dislocation density, and have a rather low dielectric constant, e.g., & = <24. They
have been limited in effectiveness, e.g., to certain space applications where small
cryogenic refrigeration capabilities exists, where such distributed small filters have
played an important role, albeit at a considerable cost, as discussed in “Compact

Forward-Coupled Superconducting Microstrip Filters for Cellular Communication,”



[0004] Current Multi-Chip-Mcrowave-Mdul es are based

on Alumna, Duroid or |ow tenperature co-fired
w@erands2f LTCC) material. In general, the surfBCEUS2004/004323

nor phol ogy of known thick f3lmnetallization is not

very snmooth due to the rather |arge grain size of the

conduct or paste. [0005] Conplex multi-Iayer

fabrication technology generally requires a dielectric

i nterposer-|ayer, sonetinmes called dielectric

| am nation | ayer, either as part of the m crowave/RF

ci n9f
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DC2€3x cuitry or both. Stripline RF and m crowave

circuits also need a lam nation |ayer that is

electrically part of the ci rcuit dielectric |ayer,
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SUMMARY OF THE DISCLOSURE

[0006] RF filter circuits are described which include a bottom dielectric substrate
fabricated of a high dielectric material having a relative dielectric constant in a range
of 30 to 100. A conductor pattern defining a circuit topology is fabricated on a

surface of the substrate.

BRIEF DESCRIPTION OF THE DRAWING

[0007] These and other features and advantages of the present invention will
become more apparent from the following detailed description of an exemplary

embodiment thereof, as illustrated in the accompanying drawings, in which:



wr ap- around ground structure. [0010] FIG 2Ais a
sinplified cross-sectional view of an alternate
weredvagpisent of a stripline filter circuit in PCT/US2004/004323
accordance with the inventibn. [0011] FIG 2B is a
schematic top view of the circuit of FIG 2A, taken
wWth the top substrate renoved, which shows schenmatic
view of a plan view of a portion of an alternative
enbodi nent of an interdigital stripline filter. [0012]
FIG 3 illustrates the enbodiment of the FIG 2B with
a ek fi i dj el [ L nate |l aye i
ol 1 &8, AR B s acsBh I bRl bra
pl sriplind fMtfcirchit 6f sicGidande wish thehvengiogi r cui t el enents,
each according to the enbodi nent of FIGS. 1A-1B.
[0014] FIG 5 shows a top substrate according to an

e | ITEen f the esent. inventjan. T .
e GO R RE G topi T Bb 1 RiraRt Al e eith the
t h@pRUGSRN rehdVedid PRstPAOYA S&enar) §i¥efdi@f$ cREuit pattern with a
mniature RF/ Mcrowave stripline filters, and in
gewspadroundgraumesirestiass of m niature and conpact UHF,
RF and m crowave circuits and M Cs including conpl ex
multi-layer nulti-chip nodules ("MCMs") realizable on
hi 16 € 66! b& €& 5idPITRA BR B 1iBnal b ofhiehigGhdte Bmbodiment of
constant in the range of 30.0.0 to 100.0. The
i ny emiplinanfilter crveit émrbadidapot WiliDHR004¢100862 2
PCT/ US2004/ 004323 4 utilizes "distributed el ements”
on high dielectric constant ceram cs having a
0! Rlotff ! F1GCOR3! A0hellil 1P ViADaR(Rlcirdhn LPAIC. 2 B ENeR VWt
m hiature RF/mcrowave circuits. A nulti- Tayer
t hihekey subsirsie earswedf whichhkoWainhematic viewodf asplednview of a portion of
circuits on high. dielectric_constant eramcs i s
dedtalisseative b dingnd of ﬁ%ﬁl{e@@tﬂrﬁ@@%@éﬁw i nventi on.
[0016] Enbodi nents of the present invention include
one or nore of the features of

[0012] FIG. 3 illustrates the embodiment of the FIG. 2B with a thick film high

dielectric laminate layer applied.

[0013] FIG. 4 shows a bottom substrate containing a plurality of interdigital

stripline circuit elements, each according to the embodiment of FIGS. 1A-1B.

[0014] FIG. 5 shows a top substrate according to an embodiment of the present

invention.

DETAILED DESCRIPTION OF THE DISCLOSURE

[0015] An embodiment of the present invention provides a new class of miniature
RF/Microwave stripline filters, and in general, to a new class of miniature and
compact UHF, RF and microwave circuits and MICs including complex multi-layer
multi-chip modules (“MCMs”) realizable on high dielectric ceramics having a high

dielectric constant in the range of 30.0.0 to 100.0. The invention in one embodiment



a new design for stripline |inear phase bandpass
("BP") filters, capable of producing an inproved
wo piotepseeEsponse when conpared with the convePCT/ORZM04/004323
filters having transfer funttions such as Besse
and/or Gaussian; identification, and application of a
suitable high dielectric ceramc material having a
di el ectric constant in the range of 30 and 100;
devel opnent of a detailed thick filmtechnol ogy
including a new paste or ink wth hi gher conduct i vi ty,
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m sconcept i on si nce nd the
width of a mcrostrip line/stripline are reduced when
u3| nq a high dielectric constant substrate, the

6] ng Febediments of thenrerent iuemrioniinsludeeiecgaore g the features
m8 owave | oss (insertion loss) of the circuit. In
the"majority of cases, the reduction in length wll

conpensate for a@wﬂ@mgrpﬁsstﬁpﬁ@@hﬁéaeghweuaandﬂaes (“BP”) filters,
reduction in the conductor wdth. The perfornmance of a

(1/ 4 2 g@apibly of piedueing an anmevmt%r@sp@merwb‘ﬂn ¢omepaprekwith the

been sinul ated o 1 ffer bstrates,
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is in thegsreigs, of about 30 - 100, e.g., in one

enbodi ment, a cerami c conposed of a conpound of ] ]
zi rconi um ti t aridewifivaion, ghé perdicetion ebs suitable higlodiglsetic ceramic

by Countis 04/ 095622 PCT/ US2004/ 004323
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of a simul ati ongeRblopmeRtTRActa310A 188K Al 'téchﬁ&logil ﬁﬁﬁi@ﬁng anew

made utilizing such a ceramc, e.g., with an sr = 39
paste or ink with higher conduct1v1ty, a new laser via and a new laser
window technology, capable of producing a new thick film low loss
laminated layer technology necessary for the fabrication of stripline filters
and other stripline circuits;

a wrap-around-ground design suitable for stripline circuit

technology.

[0017] It is a common misconception that, since both the length and the width of a
microstrip line/stripline are reduced when using a high dielectric constant substrate,
the resulting reduction in line width will increase the microwave loss (insertion loss)
of the circuit. In the majority of cases, the reduction in length will compensate for
extra loss associated with the reduction in the conductor width. The performance of a
(1/4 2e@5 Ghz) length of a 50 ohm microstrip line has been simulated on three
different substrates, namely, a high dielectric constant material with an & which is in

the range of about 30 - 100, e.g., in one embodiment, a ceramic composed of a

compound of zirconium-titanate high dielectric ceramic, produced by Countis



Alum na having an sr = 9.9, and Duroid having an sr =
2.99 is shown in Table 1, which summuarizes the result

wo@toosld25i mul ation illustrating that althoughrpetrestvogina323
dielectric material has the hi ghest conductor |oss
(dB/inch), its total line loss (insertion loss) is

al nrost the sanme as the other two lines. This is, at

| east in part, because of the three-fold reduction in
the length of the high dielectric Iine conpared wth,
e.g., a Dburoid line. The table shows the sinulation
data performed on mcrostrip lines rather than
striplines. sr eft. is different fromsr because .in
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PCHt&)a2dd04{ 10 4323ng field effects. The difference between &; and &; s is

determined by a so-called “filling factor.” The metal thickness for Duroid was

simulated at 0.4 mil and for the other two substrates at 0.2 mil.

Sub.Material W €t off Dielectric Conductor | Total Length Line
mil W/H Loss Loss Loss @ Loss @
dB/inch dB/inch dB/inch 5 GHZ 5 GHZ
(mil)
ZT-39 50 mil 9 0.18 233 0.03 0.2 0.23 122 .028 dB
Alumina 25 mil | 23.8 95 6.7 0.003 0.1 0.1 228 .022 dB
Duroid 25 mil 62 2.5 2.4 0.016 .04k .06 378 .022 dB

[0018] An embodiment of the present invention relates to a new design for a
resonator which may be used, e.g., in a linear phase band pass (“BP”) filter, in

general, and more specifically related to the fabrication of such circuits and filters on



hi gh dielectric ceram c substrates. Conventiona

filters have a non-linear phase versus frequency
web@nagioer i stic which nay distort the signal. RCTE82004/004323

phase filters, or as soneté nmes called constant group

delay filters, have a relatively |linear change of

phase wth frequency, and therefore do not

significantly distort the signal. An enbodinent is

capable of yielding a filter performance that is

superior to the conventional approaches that are

based on Gaussi an, or Bessel - Thonpson. An enbodi nent

is_.capabl e of producing a filter having, e.g., a +/ -
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7-order tapped interdigital design. [0019] By way
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ut i uency in
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m crowave receiver integrated onto a mcrochip. Such
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(& PR RS NPl el PRRSRpLRGRY b i phase
p osesﬁsls@smquﬁ e filtcr P@EsPAAd)tIn Ohe ERb3dimenPihd4ilter p8Rgy may be,

and has_a |ow cost of manufacturing. [0020] Turning
no®&.@ FpEst tappediBlerdigitdxiesighar y enbodi ment of a
stripline filter circuit 10 in accordance with
aspects of the inventionis illustrated. FIG 1A is a

di pEVITRLBE wak A efdnsiS aSffeh-MhsY iR dRhital fikerfdcbdi@ing to an
structure, which conprises top and bottom substrates

28 embodinwint pf the prasenlinveation natuled wilized it @radi®Gequennethtegrated
on .t he surface 30A of .th m substrate 30. .

Th intsh@i“ft? hPidowaYe atyetyied st RAEL Boeoiie Eraeais integrated
hayhidg Ridto @i, d&hechitd haSBRa RBneSht P center frequency is around
zirconiumtitanate, in the range of about 30 - %OO ?.
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M bSst of manufacturing,

[0020] Turning now to FIGS. 1A-1B, an exemplary embodiment of a stripline
filter circuit 10 in accordance with aspects of the invention is illustrated. FIG. 1A isa
diagrammatic side cross-section view of the filter structure, which comprises top and
bottom substrates 28, 30, with a stripline conductor pattern 26 formed on the top
surface 30A of the bottom substrate 30. The substrates 28, 30 are fabricated from
materials having a high dielectric constant, such as zirconium-titanate, in the range of
about 30 - 100 &,. Other materials suitable for the purpose include MgO-CaO-TiO,.

In one exemplary embodiment, the substrates 28, 30 have nominal thicknesses of 25

mils.



WO 2004/ 095622 PCT/ US2004/ 004323 7 [0021] FIG 1B is

a schematic top view of the structure, with the top
wgaisnomee 28 renoved as illustrated by |ine PEBFUR00§/004323

FIG 1A FIG 1B illustrates the exenplary conductor

pattern 26 for this enbodi ment of the invention. The

pattern 26 includes a first pattern portion 11 and a

second pattern portion 19. The filter circuit 10 has

an input/output (1/0O port 16 and an 1/0 port 18. The

first pattern portion 11 includes a plurality of

transverse stripline fingers 12 electrically connected
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22 cofihetatpattaini 26efof thisgentsodidertfof theeinféntdh. Tabpeftén 26 includes a
porfti on 11 are jnterleaved with the stripline fingers
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11, 19 may be fornmed utilizing well known thick film

de SEdindnemert v ard teillQ portyl 6, d 8 g The gecond patggraipasibn 19

. .. ct ur ed DuPont, ,under t he
Pt et i of ol e SR KR 28 sShicE R iy ardina
s ulgsdund tpéand Gostiveh 32 altRGtripling Fingbl € 2RAHELhirsBhdtRin YoHiGR 11 are
as.is_ well understood in the art, the hardened paste

maytpdeaved el the gripkne Engers 2ofche becondpatignpertion 19|. Conductive
' fi 12, .20 r ane
o P A 2005 LI e AR B ) 918 ve o

appilteeéirduit By piatekaces of the substrate 30 in a two
step process to formthe fingers on one side and a

ground plane on the other, which may al so be etched to

f i to receivie via connecti ons 48, 50. .

06U T Pt Pt eeene) ?ﬂl@@%sﬁbhﬁgz@e;w ufflizing well
I g . : ol . e :
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di &% wenpfpeiured yddubontvnde8 the3BmasQ(l 0 Threpastemaly beaplied to the

of b(l):tlto(ran s&bstr-gﬁt% Oca{nrd%%gtted %oo'set ithnecplalélt%,egfte? which, as is well understood in
the art, the hardened paste may be etched, using, e.g., photolithographic techniques to
form the fingers 12, 20 and groundplane portions 14, 22. Alternatively, the paste may
be applied to both surfaces of the substrate 30 in a two step process to form the fingers
on one side and a ground plane on the other, which may also be etched to form

openings to receive via connections 48, 50.

[0023] Turning now to FIGS. 2A-2B, there is shown an alternative embodiment of
a stripline filter circuit 10°. The circuit 10’ includes upper and lower high dielectric
substrates 28, 30 as with the embodiment of FIG. 1. The circuit 10' includes a
stripline conductor pattern 26' formed on the top surface of the bottom substrate 30,
which includes a plurality of transverse stripline fingers 40, each connected to ground

plane 34 as shown in FIG. 2A, through vias 48, and a plurality of interleaved



stripline conductor pattern 26' formed on the top

surface of the bottom substrate 30, which includes a
w@bamabicky of transverse stripline fingers 40, PERTR2004/004323

connected to ground plane 84 as shown in FIG 2A

through vias 48, and a plurality of interleaved WO

2004/ 095622 PCT/ US2004/ 004323 8 transverse stripline

fingers 42, each connected to ground plane 34 by via

connections 50. External side ground plane portions,

e.g. conductor layers 33A, 33B, are forned on the

side surfaces of the substrate assenbly. [0024] While

the enbodi nents of FIGS. 1A-2B illustrate stripline RF

f i lremaverse stripline §ingers 62.0mch connRFted k¢ grornd plape B¢ by viaconnections

al e fabr.i.cated.in accordance with aspect he

9B ER AL PHE Eiiod ool PorE 1ok Sh P IRET 334 238, B formed
OMph (iRekide B &V thd ABsHME RSP circuit will

provi de advantages in size over ‘conventiona

mcrostrip circuits, but will not provide

m nj aturi ion benefits as the striplin
enﬁ@ﬁﬁenﬁlf B@ﬁl}%oé_ém?‘ﬁf P Ci%’gtléﬁ%B ety ipline RF filter
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electrically part of the circuit dielectric |ayer,

me afithednitention.sincthisl caye thesthp shilsstrated8as amitbed. | Tiesesulting microstrip
t angent igh Q .and a consistent dielectric constant .

A GF%UH%W’EIFWGVM& AQVEEES {ThR7H2ST BRBYF R O PROSIPL GRS, Dut wil
Sui o g . ol o i
bbbl An AR al SRR gl BRI Cpucaie
substrate 30, e.g., of the kind shown in FIGS. 1B-2B,

on which a layer_60 of high Q.dielectric paste, e.g.,
mad@025hy Sfppkre RHaed mierevauneiraia pypisally abipe a dpmpipation layer
th I . i t

oS8t 2 SRR R AL U O er sl

SUhhecelodv logy abigshp (taple Q3 dnd h Somdlistar diedaseric Edidtant. A dielectric
dielectric layer 60 and the entire assenbly |am nated

t ogatteerink kgs Bersvidentidios gt issuitgblie dor anpligatanandagh dielectric
s . a ¢ . .
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St Kkindl sh6®n it FIESNB-4B, orf¥hichhasyredo af Righl®ditldcirt pad®, e.g., made
fingers 40 connected to the input 16 and the output
18 by Supphtamdgr s seneiQYIH4, is prplisd waeribe fingers 40542 to form a

St lialn%kllat@ Ffa}}telr VA& 3 cézllf%m‘rilclz1 gpp%g siistiate layer 28 including on its surface a

groundplane 32, is placed over the dielectric layer 60 and the entire assembly
laminated together. As shown in FIG. 3, which illustrates an embodiment according
to FIGS. 1A-1B, the dielectric layer 60 should cover substantially all of the stripline
fingers 40, 42 intermediate the stripline fingers 40 connected to the input 16 and the
output 18. Similarly essentially the same portions of stripline fingers 12 and 20 are
covered by the dielectric paste layer 60.

[0026] Turning now to FIGS. 4 and 5, a manner of batch fabricating embodiments
of the present invention can be seen. As shown in FIG. 4, a bottom ceramic substrate
30 may have formed thereon a plurality of circuit elements 10, e.g., each including the

pattern 26’ as shown in FIG. 2, including vias which may be cut through the substrate



covered by the dielectric paste |ayer 60. [0026]
Turning now to FIGS. 4 and 5, a nmanner of batch

wo ariogmt ng enbodi ments  of the present i nvenPCDOS2a$004323

be seen. As shown in FIG 49 a bottom ceramc
substrate 30 may have fornmed thereon a plurality of
circuit elenents 10', e.g., each including the
pattern 26' as shown in FIG 2, including vias which
maybe cut through the substrate WO 2004/ 095622

PCT/ US2004/ 004323 9 30 by any suitable neans that
takes into account the brittle nature of the ceranic
mat_er.i al etching or laser cutting. FIG

., by
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respective conductor patterns 26'. [0027] According
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nas ﬁ z%ed to not only provide a snoot her

suFWﬁ%@f”Bﬁ “U¥ 6%-as a consequence, offer a factor of

two i nprovenent in the netal conductivity, thereby

reducing the circuit |osses of the RF circuitry by
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may be a linear profile, varying from room temperature to 875° C in thirty minutes,

and ramping down to room temperature in thirty minutes. Such an optimized
temperature profile facilitates the utilization of the high dielectric ceramic along with

the conductor paste.

[0028] Laser drilled via hole techniques are preferably employed for both the high
dielectric ceramic substrates and the lamination layers to provide ground to ground
interconnects or vertical interconnects between metalization layers. A laser drill
recipe has been developed for cutting the window openings in the high dielectric
ceramic substrates, and is used, e.g., to fabricate wrap-around-ground stripline filters
in a batch mode fashion. One exemplary laser drilling process is the following. A

CO, laser is programmed for the appropriate pulse power and duty cycle suitable for



the conductor paste. [0028] Laser drilled via hole
techni ques are preferably enpl oyed for both the high

waolz@umeieel ¢ ceram ¢ substrates and the | am nat PONUS2004/004323

| ayers to provide ground tdoground interconnects or
vertical interconnects between netalization |ayers. A
| aser drill recipe has been devel oped for cutting the
wi ndow openings in the high dielectric ceramc
substrates, and is used, e.g., to fabricate

wr ap- around-ground stripline filters in a batch node
fashi on. One exenplary laser drilling process is the
following. A CQ2 laser is programred for the
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ment's o the present 1nvention for the
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[0031] According to an embodiment of the present invention, the utilization of a
high dielectric constant ceramic enables miniaturization of the filter element utilizing
strip lines. The materials may also be selected for fabrication of microstrip filters or

other circuit components.

[0032] Thus, exemplary embodiments of the invention include a miniaturized
high frequency resonance circuit and method of making such an apparatus which may
comprise a resonance circuit input and a resonance circuit output; a plurality of

conductive fingers formed as a thick film on a ceramic substrate having a dielectric
constant of at least about 30 g, positioned transverse to the signal path through the

resonance circuit from the input to the output, and interposed between a first
groundplane and a second groundplane. The apparatus may also comprise a thick film

dielectric layer covering and separating the stripline fingers, with each of the stripline



other circuit conponents. [0032] Thus, exenplary

enbodi nents of the invention include a mniaturized
whe@h/opFseyuency resonance circuit and net hod oPCTEHKI004004323

such an apparatus which mayl conprise a resonance

circuit input and a resonance circuit output; a

plurality of conductive fingers forned as a thick

filmon a ceram c substrate having a dielectric

constant of at |east about 30 Er positioned transverse

to the signal path through the resonance circuit from

the input to the output, and interposed between a

first groundpl ane and a second groundpl ane. The

appayesisus cleglyical eoptacbivish pkleasi opppEthetlirstrgroysidplaae end the second
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WD 2004/ 095622 PCT/ US2004/ 004323 12 CLAIMS What is
claimed is: 1. Astripline RF filter circuit,

w@ermpidBeng: a bottom diel ectric substrate (30pCT/US2004/004323

fabricated of a high dielederic material having a
relative dielectric constant in a range of 30 to 100;

a top dielectric substrate (28) fabricated of a high
dielectric material having a relative dielectric

constant of at |east 30; a conductor pattern (26 or

26') fornmed on the top surface of the bottom

substrate, said conductor pattern defining a filter
circuit pattern, a first inpg@LAGMSput (1/0) port (16)

and a second 1/0O port (18); the top substrate and

bott om substrate sandw ching the conductor pattern to
form axﬁﬁﬁky&}p=dq£rcuit. 2. A mniaturized high
frequency resondrnce circuit conprising: a resonance
circuit input (16) and a resonance circuit output

(18); a plurality of stripline fingers (12 or 40)

formed ds ZnstripliegRF ifilter elFcudl, coBpEsME substrate (28)

havi ng ' Ct L . 30 . .
posi 1 ol SRkl de SBRFR R0 HerEhieh BEThicR RN piChoieral havinga

I e SElRRCE clebtFi6 biistdut o tdige bNBOIto 10®;t he out put, and
i nterposed between a first ground plane portion and a

second @riepdilgsirimeubsaatei(ef). fabricatedcofr & high deleeridintajoriad having a

dai,m.1 or aim erein,the high dielectric

rrmr‘aélﬁti“_éq 8618%%8“%%???%1%“8 é’S) conprises _

zi r coni WibhdicttPphter (20BQ60FIdddh. thétopAuFhde@itie bottom substrate,
accor di n&;{o Caiml, wherein the filter circuit
patstidrcandistirpeteradefining ediligh ejiquatipattenns @ first input/petput (VO) port (16)
to%gg%&%d 1)601302198”8/);095622 PCT/ US2004/ 004323 13

the top substrate and bottom substrate sandwiching the conductor pattern to form

a stripline circuit.

2. A miniaturized high frequency resonance circuit comprising:

a resonance circuit input (16) and a resonance circuit output (18);

a plurality of stripline fingers (12 or 40) formed as a thick film on a
ceramic substrate (28) having a dielectric constant of at least about 30 &; positioned
transverse to the signal path through the resonance circuit from the input to the output,

and interposed between a first ground plane portion and a second ground plane portion.

3. A circuit according to Claim 1 or Claim 2, wherein the high dielectric material

of the substrate (28) comprises zirconium-titanate or MgO-CaO-TIOs.

4. A circuit according to Claim 1, wherein the filter circuit pattern defines an

inter-digital filter circuit topography.



5. Acircuit according to Caim1l, wherein the filter
has a band pass characteristic. 6. Acircuit
wa@ewangioryy to Claim 2 further conprising: a thPCRUB2004004323
di el ectric layer (60) coverndng and separating the
stripline fingers. 7. Acircuit according to Claim?2
wherein: each of the stripline fingers is in
electrical contact with at | east one of the first
ground pl ane portion and the second ground pl ane
portion. 8 A circuit according to Caim2 wherein:
each of the stripline fingers is formed on the ceramc
substrate hy dikgitagRebidedt k@ Tlaigf 12 whabih feafifer has a band pass
conductive netalization paste followed by hardening
t hehgragemstico forma netalization |ayer on the ceramc
substrate and the renoval of portions of the
netalization |ayer forned by the hardened paste. 9. A
ci rcui t gaceceirdiiingcé@ide iRk 2hemer Sompiigngli el ectric
| ayer forns a thick filmlow |loss |amnated | ayer.
10. A chrhigk filmcddeaiiapyerd6Q) eovarig absepirating thel sbagline fingers.
one of the first graun ane, and t he second ground
plane i 4" & SLEHS Elf;g?rl%if‘g%%?lﬂjc%gg‘erteﬂl't he stripliine
fingers e & tHE 3RIpRHO WNLerP & hl PdbtridiR bohtict MAEHRAedsP one of the first
wrap around the sidewall of the ceram c substrate
f r gmunt elapeporitp addhosecombground plaee portivhe cerani ¢
substrate to an opposite surface containing the
stripline fingers. 11. A nethod of formng a
mi ni at uigl 28 bbb RSB 2 ES GRBREE Ci rcui t
conprising: formng a Tresonance circuit input (16) and
a r esonaadeofthe guplinedirtgerstis fot@pd on fherceiangc subsirate dly ilteyapplication

of stripline fingers (12 . or. 40) as a thjck fil.mgn a
cePhiPEhll g sediey tg’r?a{}%ags Evedby Fudeaifl Peagste o forma

gg 6%?%}%%@% I%f{%gg%%%gggg%bgﬁg dna S tehSalt OF m'tions of the

metalization layer formed by the hardened paste.

9. A circuit according to Claim 6 wherein:

the dielectric layer forms a thick film low loss laminated layer.

10. A circuit according to Claim 7 wherein:

at least one of the first ground plane and the second ground plane is electrically
contacted to the stripline fingers by a wrap-around portion that is formed to wrap around
the sidewall of the ceramic substrate from the groundplane on one surface of the ceramic

substrate to an opposite surface containing the stripline fingers.

11. A method of forming a miniaturize high frequency resonance circuit
comprising:
forming a resonance circuit input (16) and a resonance circuit output (18);

forming a plurality of stripline fingers (12 or 40) as a thick film on a ceramic

substrate (30) having a dielectric constant of at least about 30 &, positioned transverse to



the signal path through the resonance circuit fromthe

input to the output, and interposed between a first
w@readngisbane (32) and a second groundpl ane (34PCT/1R20044004323

met hod according to Caim 14 further conprising:

formng a thick filmdielectric |layer (60) covering

and separating the stripline fingers. 13. A nethod

according to Caim11l1l further conprising: form ng each

of the stripline fingers in electrical contact with at

| east one of the first ground plane and the second

ground plane. 14. A nethod according to Claim13

f urthérsignad pafhrthouplgthe resoniung cadhfrom thdiapsitts theldulit, and interposed

fingers on_the ceram c_substrate by the application of

a ?eng?k%ﬁShgfeBW@i?é?i(%@ Fpdraceronsh frovndplase 434)el | owed

by hardening the paste to forma netalization |ayer

on the ceram c substrate and the renoval of portions

of the IZetAahiefmitiaocortiages ClamnEdukiert doenprizingened
paste. 15. A nmethod according to Caim1ll wherein: the
di el ect rPEningadhick dilmsdiglestric dryer (GGhqosvingansl sopatating &b stripline

| ayfoers.

13. A method according to Claim 11 further comprising:
forming each of the stripline fingers in electrical contact with at least one of the

first ground plane and the second ground plane.

14. A method according to Claim 13 further comprising:

forming each of the stripline fingers on the ceramic substrate by the application of
a small grain conductive metalization paste followed by hardening the paste to form a
metalization layer on the ceramic substrate and the removal of portions of the

metalization layer formed by the hardened paste.

15. A method according to Claim 11 wherein:

the dielectric layer forms a thick film low loss laminated layer.



