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FI LTERS BACKGROUND OF THE DI SCLOSURE [ 0001] Low cost, |ow weight and high
performance integrated filter banks are critical conponents of, e.g.,
advanced channeli zed receiver and exciter nodules. These require

m ni at ur iwedookoyseepst filter technol ogy of fering excel | par/ysesofionszence, as
wel | as high manufacturing yield to reduce costs. [0002] Currently the
production mniature UHF, RF, and mcrowave circuits, especially filters,
are based on "l unped el enent” technol ogy where | unped capacitors ("Cs") and
i nductors ("Ls") are used to construct a filter. Such filters are expensive
due, e.g., to the extensive to tuning tinme needed to tune each filter.
Furthernore, such filters require a relatively large foot print, a high Z
di mensi onal height and are relatively heavy. [0003] Another approach for
filter mniaturization utilizes Lanthanum Alum nate (LaAl G3) substrates
with an assuned rel ative dielectric constant of s, = 24. These types of
material have in the past only been used in the growth of |ow tenperature
superconducting ("LTS") filns. Such substrates are expensive, suffer froma
hi gh dislocation density, and have a rather |ow dielectric constant, e.g.,
8r = <24. They have Béﬁ%ufﬂﬁﬂﬁéﬂ’$HU@LH§EﬂiNEA@@EHAéEdﬂLTEBSCertain space
applications where small cryogenic refrigeration capabilities exists, where
such distributed small filters have played an inportant role, albeit at a
consi derabl e cost, as discussed in "Conpact Forward-Coupl ed Superconducti ng
Mcrostrip Filters for Cellular Comrunication,” WO 2004/ 095622

PCT/ US2004/ 004323 2 | EEE TBAGIGGROND OF BWIBIDISCLOFIREonduct i ng, Vol unme 5,
No. 2, 1995, pages 2656- 2659. [0004] Current Muilti-Chip-M crowave-Mdul es
are based on Alum na, Duroid or

[0001] Low cost, low weight and high performance integrated filter banks are
critical components of, e.g., advanced channelized receiver and exciter modules.
These require miniaturized low-cost filter technology offering excellent performance,

as well as high manufacturing yield to reduce costs.

[0002] Currently the prdduction miniature UHF, RF, and microwave circuits,
especially filters, are based on “lumped element” technology where lumped capacitors
(“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
(LaAIO,) 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,”



| ow tenperature co-fired ceramc (LTCC) material. In general, the surface
nor phol ogy of known thick filmnmetallization is not very snooth due to the
rather large grain size of the conductor paste. [0005] Conplex nulti-Iayer
fabrication technol ogy generally requires a dielectric _int ergoser-l ayer,

sonet | medVQAEYOH el ectric | am nation |ayer, either asPPRUS2YH0-4ES
m crowave/ RF circuit topology or as the neans of physi cal |y separating the

RF conducting layers fromthe control DC circuitry or both. Stripline RF
and mcrowave circuits also need a lamnation layer that is electrically
part of the circuit dielectric |layer, meaning that such | ayer has to have a
| ow | oss tangent (high 03 and a consistently high dielectric constant Sr,
e.g., greater than or equal to 100. SUMVARY OF THE DI SCLOSURE [0006] RF

filter cirCUIRER Bf@isdB5RS bPRPpNLH &kbema)ﬁhmﬁlggvianﬁﬁ@snm el €964, Ipﬁae%%ssr ate
fabricated of a high diel ectrlc material having a relative di'électric

constant in 2659%nge of 30 to 100. A conductor pattern defining a circuit
topology is fabricated on a surface of the substrate. BRI EF DESCRI PTI ON OF
THE DRAW NG [ 0007] These and ot her features and advantages of the present

i nvention w ec £ i ption
of an exenpl Ld O4P 1Vﬁ‘mﬁlhereo rowaQ?Musl a{régﬂeﬁ%{lﬁgl aé‘%é%pugcﬁ%%%g

dr awi ngs, inltheﬁiberaY\Qe%@Qﬂé@@ék%?c @@U@m&ﬁlo@ﬁaﬁml%@m&e FIG IAis a
sinmplified cross-sectional view of an enbodiment of a stripline filter
circuit in avowhegyefknownthiek filermtilbzation090e] very @nodthBuk so thesgthemat i ¢ top
view of the circuit of fJ %qngl\ taken with the top substrate renoved to
illustrate a ﬂe"x@ ithg P@tPfB"i‘Stecl rcuit pattern.with a wap-around
ground structure. [0010] FIG 2Ais a sinplified cross-sectional view of an
al ternate enbodi nent of

[0005] Complex multi-layer fabrication technology generally requires a dielectric
interposer-layer, sometimes called dielectric lamination layer, either as part of the
microwave/RF circuit topology or as the means of physically separating the RF
conducting layers from the control DC circuitry or both. Stripline RF and microwave
circuits also need a lamination layer that is electrically part of the circuit dielectric

layer, meaning that such layer has to have a low loss tangent (high Q) and a

consistently high dielectric constant €, e.g., greater than or equal to 100.

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:



a stripline filter circuit in accordance with the invention. [0011] FIG 2B
is a schematic top view of the circuit of FIG 2A taken with the top

substrate renoved, which shows schematic view of a plan view of a portion of
an alternative enbodi ment of an interdigital stripline filter. [0012] FIG 3

i I'l ust r al@g 2600R0pPOdi ment of the FIG 2B with a thick piimshdodlosssh el ectric
| am nate | ayer applied. [0013] FIG 43shows a bottom substrate containing a

plurality of interdigital stripline circuit elenments, each according to the
enbodi mrent of FIGS. 1A-1B. [0014] FIG 5 shows a top substrate according to
an enbodi rent of the present invention. DETAI LED DESCRI PTI ON OF THE

DI SCLOSURE [ 0015] An enbodi nent of the present invention provides a new
class of mniature RF/ Mcrowave stripline filters, and in general, to a new
class of mniature and conpact UHF, RF and mcrowave circuits and M Cs

i ncl udi ng cof®9P8k mHIG: 1Aayesimphfieticrashisectionaluties of an/ENbbiimentbf zabl e on

hi gh diel ectri.c.ceram ¢s havin hi gh, dielectric constant in the range of
30.0.0 to 10BNPLIe e Gieut e perordimge With eoaySRIRE: Wo 201) 4/ 095622

PCT/ US2004/ 004323 4 utilizes "distributed el ements” on high dielectric
constant ceramcs having a dielectric constant in the range of 30-100 to

achi eve m ni gJoo9p RA/IG. CBQY\RYé¢hetiakic tip Few A M ditcuitlofFEG. 141 telkenfWikiher ocess
for the fabrication of such circuits on high dielectric constant -ceram cs

i s descri bedtoprsubsiraserteaeiivied ite ilhistrath en gxemsplaty intevdigital sircuil p@tesh withisodi ment s
of the present invention include one or nore of the features of. a new
desi gn for sPFRBIPHRd B1oNBd STUHWES bandpass (*BP') filters, capable of
produci ng an inproved filter response when conpared with the conventi onal
filters having transfer functions such as Bessel and/or

[0010] FIG. 2A is a simplified cross-sectional view of an alternate embodiment of

a stripline filter circuit in accordance with the invention.

[0011] FIG. 2B is a schematic top view of the circuit of FIG. 2A, taken with
the top substrate removed, which shows schematic view of a plan view of a portion of

an alternative embodiment of an interdigital stripline filter.

[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



Gaussi an; identification, and application of a suitable high dielectric
ceramic material having a dielectric constant in the range of 30 and 100;
devel opnent of a detailed thick filmtechnology including a new paste or ink
wi th hi gher conductivity, a new |laser via and a new | aser w ndow

t echnol oyO 2@a093s22 of producing a new thick filmlow | BETUSLMAMMNILEd | ayer
t echnol ogy necessary for the fabricatton of stripline filters and other
stripline circuits; a wap-around-ground design suitable for stripline
circuit technology. [0017] It is a conmon m sconception that, since both
the length and the width of a mcrostrip line/stripline are reduced when
using a high dielectric constant substrate, the resulting reduction in |line
width will increase the mcrowave |oss (insertion loss) of the circuit. In

the majority of : t] L 0: 1 fe f tra

| oss associ at ggze\%ﬁa‘?ﬁﬁ?m&é&?%%g‘#?oé\ﬁ)@ﬁh t8 ﬁ(lla&g%tn‘g)ﬁ]c a(k:#r Ce\%\ﬂ% rﬁ%g aéfgél?chﬁ ?rance
of a (1/4 Xg&tddt 7 theeneldf3D-180%20 adtidve Thied Rgle'RBmidro®atsireEeN Ashiikil at ed
on three different substrates, nanely, a high dielectric constant nateri al
with an sr whayehthick-film prohessifanthe fabfricatbanf sBch ciraiiB, onchigh dielastrimnemnstant
enbodi ment, a ceram ¢ conppsed of a. co und of zirconiumtitainate high
di el ectric ce?r&mlfeiwﬁ?%&& 1 4 CIRROGHPTIL OfBC RSB ERHES BBOTPCT/ US2004/ 004323
Laborat ori es under the product nane CD-40. The results of a sinulation of a
conparison of a filter elenment made utilizing such a ceramc, e.g., wth an

6, = 39, A pooreq hakmbodigientsiofthprésentindleddonOincluievhéor @brebof the RaliPed S
shown in Table 1, which summarizes the result of this sinulation
illustratingofhat although the high dielectric material has the highest

conduct or _Tose (981 LnCh) b o8hehe bl Boc b SFRIBER 5Pt 2 T
three-fold reducti oncdpbleld® ptRMGind aR imprdded fitlr MifInSe Whik cohpPsied FHRGNET
conventional filters having transfer functions such as Bessel and/or
Gaussian;
identification, and application of a suitable high dielectric ceramic
material having a dielectric constant in the range of 30 and 100;
development of a detailed thick film technology including a new
paste or ink with higher conductivity, 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 2,@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



with, e.g., a Duroid line. The table shows the sinulation data performed on
mcrostrip lines rather than striplines. sr err. is different fromsr
because in mcrostrip lines the propagation node is not true TEM (due to

t he i nhonbgeneous nedium i.e., the air interface), but is only a

quasi - TEWORA®9E22 in striplines, the nediumis honog@G&aisa004/eH32ipports a
true TEMfield; therefore er can desc¥ibe its behavior. There is a need for
the definition of an effective dielectric constant which would take into
account the fringing field effects. The difference between sr and er err is
determ ned by a so-called "filling factor.” The netal thickness for Duroid
was sinmulated at 0.4 m| and for the other two substrates at 0.2 ml.

Sub. Material WEr eff Dielectric Conductor Total Length Line mll WH Loss
Loss Loss @Loss @ dB/inch dB/inch dB/inch 5 G4Z 5 GHZ (ml) ZT-39 50 m |
9 0.18 23.3 0.03 0.2 0.23 122 .028 dB Alumina 25 ml 23.8 .95 6.7 0.003 0.1
0.1 228 . 022 Laborayies uddgr3heyprodest namg CD-400 The eesubigiof 2 ogndqt®n 22 dB [ 0018]
An enbodi nrent of the present invention relates to a new design for a

resonat or whicempaRSONRS afilisy elegmegt madsutilizingsuch anesanicH gd Witk es & =By )

filter, in general, and nore specifically related to the fabrication of
such circui t AU havingan &F azéém}g@ewgm BeXSbia shewmsnTatde ki gh

dielectric cer,am c _substrates. entional filters have.a nop-linear phase
versus 1 reqauidh SenteEdnf Sey COlRRRRRRon bty R Signdr Betidlear Phace
filters, or afeleAERIatdREnEhE ﬁ%hés@@ﬁcﬁi&ﬁor%s@l{@ﬂﬁélg}’itg foldl GhSlosfiave a
relatively linear change of phase wth frequency, and therefore do not

si gni fi cant | Yirdesionrdss) isealmbsi tiad sam@ras elndott emmsiot linels s Thsps it teastfin pax) di ng a
filter performance that is superiqor to_the conventional apﬁ)roaches (tlhat are

based on Gaudsraise opfhephresdoldredicHen i thafengihelthabah diglectnc I

ine compare
with, e.g., a Duroid line. The table shows the simulation data performed on microstrip
lines rather than striplines. &, is different from ¢, because in microstrip lines the
propagation mode is not true TEM (due to the inhomogeneous medium, i.e., the air
interface), but is only a quasi-TEM. However, in striplines, the medium is
homogeneous and supports a true TEM field; therefore &; can describe its behavior.
There is a need for the definition of an effective dielectric constant which would take
into account the fringing field effects. The difference between ¢; and &; ¢ 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 € off Dielectric Conductor | Total Length Line

mil Wi Loss Loss Loss @ Loss @
dB/inch dB/inch dB/inch 5GHZ 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 .022dB
Duroid 25 mil 62 25 2.4 0.016 04x* .06 378 .022dB

[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



capabl e of producing a filter having, e.g., a +/- 0.5 degree |linear phase
transfer function which has very sharp attenuation skirts while nmaintaining
a very linear phase response within the filter passband. In one enbodi nent
the filter topology may be, e.g., a 7-order tapped interdigital design.
[0019] BYQwW+B956&kanpl e, a |inear-phase interdigital fPFTEP2RYEHSE ng to an
enmbodi ment of the present invention cfan be utilized in a radio frequency
integrated filter (RFIF) mcrowave integrated circuit (NIIC) for a

m crowave receiver integrated onto a mcrochip. Such a filter has been

desi gned having a center frequency is around 1400 MHz with stringent phase
linearity of (+/-3) degree over 100 MHz 13W The exenplary filter possesses
a small footprint of (0.34"x 0.34"x 0.05") and has a | ow cost of

manuf acturi ng. [00201 Turning now to FIGS. | A-1B, an exenpl ary enbodi nent of
a stripline fi ci_ier circuit, 1Q i n accordance th aspects of the invention

i s illustrat 8h diplectric geyagig subgiralgs. SoRentional ddtershaye adwnrlingar RhasGVEFUS he
filter struc [ [ . 1 8 0, with a
stripline co%ﬁg?ngmg%f%ﬁ%‘%ﬁ?ﬁ)?%g@l %%g%}ﬁ%?é%}ggqlég?ﬁ%gé @E‘Kg’oqr he bottom

substrat e 30sorhbgmes bdledabigat GroupUediydilicad) hia¢od edativeBMinddB tiRfiga bSpha¥i Ng a
hi gh dielectric constant, such as zirconiumtitanate, in the range of about

30 - 100 Sr. vathhiequeneyws end thereforierdgiiob sigaficanily distopdbesignadl Wdeeribadimam- Ti C2.
I n one exenpl.ar di pent, the substrates .28, 30 haye noni nal .t hi cknesses
o oE o TPk saB R e » S RO G 3s o T Op GE CPRtamagpal b o

schematic to i f < W K Stal; ved as
il lustrated %Eﬂﬁoﬁﬁg&%ét%%%A%E&IFI&&G%?S&HWF%%B&?% Fflfbl% SP {r'}'a%%ls t oglﬁlelilgﬁrgf)ar y

conduct or patchpable @bprbduciida Siltertmitigrent, ac/- 0.6 eegree tintargphasefpesfeat t ern 26
includes a first pattern portion 11 and a _second pattern portion 19. The

filter circuiftnctiontdickihas yerpshamutepuetiqn skays while megtapmeayery buggophases. The
first patter r}es%%ﬁgé Atnihind ﬁﬁclarup%?ssbaﬁ‘d. In one embodiment the filter topology may be,

e.g., a 7-order tapped interdigital design.

[0019] By way of example, a linear-phase interdigital filter according to an
embodiment of the present invention can be utilized in a radio frequency integrated
filter (RFIF) microwave integrated circuit (MIC) for a microwave receiver integrated
onto a microchip. Such a filter has been designed having a center frequency is around
1400 MHz with stringent phase linearity of (+/-3) degree over 100 MHz BW. The
exemplary filter possesses a small footprint of (0.34"x 0.34"x 0.05") and has a low

cost 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 is a
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.



plurality of transverse stripline fingers 12 electrically connected to a
first wap around ground plane portion 14, and the 1/0 ports 16, 18. The
second pattern portion 19 includes a plurality of transverse stripline
fingers 20 connected to a wap around ground plane portion 22. The

striplingofopPRise2212 of the first pattern portion 11 argct/isdoesdespsed Wi th
the stripline fingers 20 of the second pattern portion 19. Conductive outer

| ayers 32, 34 are formed on outer surfaces of the substrates 28, 30 to serve
as filter circuit ground planes. [0022] The first and second pattern
portions 11, 19 maybe forned utilizing well known thick film deposition
techniques utilizing, e g., a fine grained gold paste, e.g., as
manuf act ured by DuPont under the nane QGL50. The paste naybe applied to the
bottom substrate 30 and heated to set the paste, after which, as is well
understood in the art, the hardened paste maybe etched, using, e.g.

phot ol i t hogr ggy21¢ t CEIM1BUSS stiRmakio kép ViB® JfitnofhR ke, ,mapumsp m&a@mane
portions 14, 22. Alternatively, the paste may be applied to both surfaces

of the subst fr@;n@vfzdcasu]ﬂilsaated(byémeﬁBp}BoéEE3 tlé\. f Gl Briustiateschs exanplanye si de
and a ground on_.th |ch al.so be etched to far eni ngs
to recgi ve vf° g @8?19\@8??’8?9%%&%‘;6“ ‘1“66%#%%’ 1080 WIE §aifra2o Bolu %p the?e
i s shown an Qilrst.t%raﬂéﬁl' e Pos Eorﬁf ﬂlsﬁ rh{i‘% geThi L& cifduiClyl ﬁai éﬂ The

circuit 10" includes upper and | ower ctric substrate 30 as

with the enbmbwﬁantpuo(v(lal;ﬁrtnﬁanﬁrmlmmcmw T8k firsiphticlapottiors T ingludaea
conductor pattern 26' formed on the top surface of the bottom substrate 30,
whi ch i ncl ud@blralnmqj {ransvierse stripling fages sl’é electriclly penrferted éo 8 fagy wrap atound

connected to n n t hr.ough vial. 4 and a

ol lra ity of S meRe RS aB Rt ot B 700 oSSR m P oo e ce
stripline finRgghdes4dPplulBEHreRNRREaHiflRe SRR B oRbARG tedto A¥witbar&GRANECT | ons
50. External side ground’plane portions, e.g. conductor |ayers 33A, 33B, are

formed on t geowidgdarspofrtaae??. ofhe dteplsnefaigesst 1@ afdhe fitst pattern portion 11 are
interleaved with the stripline fingers 20 of the second pattern portion 19. Conductive

outer layers 32, 34 are formed on outer surfaces of the substrates 28, 30 to serve as

filter circuit ground planes.

[0022] The first and second pattern portions 11, 19 may be formed utilizing well
known thick film deposition techniques utilizing, e g., a fine grained gold paste, e.g.,
as manufactured by DuPont under the name QG150. The paste may be applied to the
bottom substrate 30 and heated to set the paste, after 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 stde 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



[0024] Wil e the enbodinents of FIGS. [A-2B illustrate stripline RF filter
circuits, mcrostrip RF filter circuits can also be fabricated in accordance
with aspects of the invention. In this case, the top substrate 28 is
omtted. The resulting mcrostrip circuit will provide advantages in size
over conV¥ARIOR%2%i crostrip circuits, but will not prBQT@@ﬂW$ﬁ?ﬁ%hrization
benefits as great as the stripline eﬁ%odinents. [0025] Stripline RF and

m crowave circuits typically utilize a lamnation layer that is
electrically part of the circuit dielectric layer, meaning that such | ayer
should have a low |l oss tangent (high Q and a consistent dielectric
constant. A dielectric paste or ink has been identified that is suitable
for application on high dielectric ceramc material. Turning nowto FIG 3,
there is shown a substrate 30, e.g., of the kind showm in FIGS. 1B-2B, on
whi ch a layer 60 of high dielectric paste, e.g., nmade by Dupont under the
name QW4, iga%ﬁysxspémpgtvé ngers 42, sagle penngeted 4o gropnd plane 34 byais erpmectianger when

' b te | 28 i.ncl udi it I
3271 o pl acedDob Rl ey B g Pottf e G Sndliordtistt b1 8 Sl anlepiet” °°
l'am nat ed t oggiieyide ASrasliyMhd Subktrite askemBly. ch i1l ustrates an enbodi nent
according to FIGS. 1A-1B, the dielectric’layer 60 should cover

substantially all of the stripline fingers 40, 42 internediate the

stripline fingers 40_connected to the input 16 and the  oqutput 18. Simlarly
essential |y (#24%ameWhde thegmbadiments p K%elﬁi'%émésﬁf@ sipRlmeREfler covered by

the dielectr icﬁcxﬁﬁ?%cré%ﬁ&lﬁe F]etrgg'gléﬁs]ctagéfsglb@% C\Q’te:[dqn% c%%dan%e %\H&xee%gecqs manner

of batch fabrica resent 1 nvention can eéen. As

shown i n Fl Gof the ifvdafibh.OT B&y ABE, CheStop Stbsira 2830 offitted) AV feUlRE ikiBEEON a
plurality of circuit elenments 10', e.g., each including the pattern 26' as

shown in FI Geirgyit wHbpnosidegdvimiagenin site avey senvsntiond] mygrpstrirneirauitbdt sk WO
2001/ 095622 PCIT/ US2004/ 00432 ﬁ Sg baé an ﬁiﬁ‘%tﬁlbl e me%n%.th t takes into
account the BPIREPYECRY zgfion RERCpis a3 great aq e Siripline emoge 1mef}lS'etchi ng or

| aser cutting. FIG 5 shows the top substrate 28 that is

[0025] Stripline RF and microwave circuits typically utilize a lamination layer
that is electrically part of the circuit dielectric layer, meaning that such layer should
have a low loss tangent (high Q) and a consistent dielectric constant. A dielectric
paste or ink has been identified that is suitable for application on high dielectric
ceramic material. Turning now to FIG. 3, there is shown a substrate 30, e.g., of the
kind shown in FIGS. 1B-2B, on which a layer 60 of high Q dielectric paste, e.g., made
by Dupont under the name QM44, is applied over the fingers 40, 42 to form a
laminate layer when a ceramic upper substrate 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



pl aced over the bottom substrate 30 after the application of the dielectric
paste 60 and lamnated to the bottom substrate 30, e.g., utilizing the
dielectric paste 60 when cured as an adhesive as well as a dielectric. The
top substrate 28 has a plurality of windows 90 and 92 cut through it, and a
pl ur al i t woodoosd9seanent slits 82 for aligning the top SREBUSANELBERIW th the
bott om substrate 30 during the assenl y process just described. The top and
bottom substrates 28, 30 can then be appropriately scored and split into a
plurality of filter elenents, with the windows 90 and one half of the

wi ndows 92 defining I/O openings to which connections can be nmade to each
of the respective conductor patterns 26'. (0027] According to an enbodi nent
of the present invention a conductor paste was selected to not only provide
a snoot her surface, but also as a consequence, offer a factor of two

i nprovenent in the netal conductivity, thereby reducing the circuit |osses
of the RF ci B¢y amysuitablegnedny thatdikes thto tdognt the butleatatute pf theewsinng st eps
include the optim zation.of the thick fi furnace tepperatyre profile.
An exenpl ary e@@meég., BYefolpRs or fese sufmg, EH’I} é?h%r f IRp ﬁ”gg‘?ﬁt? égﬁhaf grrper ature
to 875 CIn bibtd vttt atfla ITRRBOHEAWYicafioh 8P FHBEHE pHiE60 fiad NI 1LY
m nutes. Such an optimzed tenperature profile tacilitates the utilization
of the high thntihsted td the bottouisabsttanB0, wid hutilizlig the didlsetiy p3esdewhdli2&] Laser
drilled via hole techniques are preferably enployed for both the high

di el ectric césanidhesiupas wall es agiddeattie Therfon substate 28/kasa plarafityoedivdadeyound to

R Paser ari | PoSPaes bl bl nGeobrbar PEEmg iR 02 Sheliimisafi bboni ngs 1 n

the high di ek@fthie®0 with MEHRHEHPSHSERIES0 d@r‘i‘xgg {he abeffbly ?rogess jhQ dbabbtgat e

wr ap- around-ground stripline filters 1in a batch node fashi on. One exenplary

| aser drilli Aye popomddwtiom fubstrited 28)\R0regn than be@@plopsietely soprdepdapitadtofor t he
appropriate | s r and duty. cycle suitable for 004/ 095622
pg-ﬁ)-/ UEZOO 4/ Ogﬁgggy %géﬁer §ements, With the windows 50 and one hal ofzthe windows%Z

defining I/O openings to which connections can be made to each of the respective

conductor patterns 26°.

[0027]  According to an embodiment of the present invention a conductor paste
was selected to not only provide a smoother surface, but also as a consequence, offer a
factor of two improvement in the metal conductivity, thereby reducing the circuit
losses of the RF circuitry by nearly twofold. Other associated processing steps include
the optimization of the thick film’s furnace temperature profile. An exemplary profile
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 1s 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



high dielectric ceramcs. The substrate is coated with poly vinyl acetate
(PVA) or other suitable water soluble coating to protect the substrate from
| aser slag. The coated substrate is baked at 90 C for ten mnutes. The .
substrate is then | oaded onto the |aser, and the hole pattern is |aser

machi ned WaRYW98¥dErate is then soaked in de- ionized WREEUSRYHORHBY e t he
PVA, and subsequently bl owdried. [0389] In an enbodi ment of the present
invention a low |l oss dielectric paste or ink is utilized along with its
processing to formlayer 60. Such low loss dielectric ink is suitable for
application on high dielectric ceramc material. [0030] Enbodi nents of the
present invention for the realization of mniature filters, e.g., an L-band
bandpass filter, provide |ow cost and a very small footprint, through the
utilization of a type of high dielectric constant ceramcs that |end

thensel ves to the inexpensive thick filmprocessing, such as CD-40 and
CD- 14- avai | Aighdiglegimic coamicss Theisabsinatsy s eaateq pit polnviowk atictaty @Y Arpr

enbodi nent of .t he . sent i ntion, .the utjlization.of hj gh.di el ectric
const ant  cer SHcE SuFARE ERler NP bodihe ) Bfeast birsBiert aBmubesrdhd 30 1 21 ng
strip lines. .c%m@d BRsBhledl BakbRYt 905€ f&%ﬁﬁﬁrﬁﬁés‘?dﬂe@é}lg%ﬁé llsctﬂéﬂ 948 onto
mcrostrip filters or other circuit conponents. | hus, exenplary
ermbodi nent s e lake, ArdMaholepaiteralisideeranathiniedt The selshtraty ig thehrseaeans ve-
resonance circuit and nethod of naking such an apparatus which may conprise
a resonance @9HZzad Wateniguemarieithg Pr‘/e%@ﬁgﬁ‘é@e@iqﬂélmbﬁ)o‘ﬁ@wdt; a plurality of
conductive fingers formed as a thick filmon a ceram c substrate having a
dielectric constant of at |east about 30 s, positioned transverse to the

signal path yHe®qoh 1 erhiRRNSNGE el préseht inf &R BB I'BE’éJ&iefe@triUﬂﬁste%Hﬂtt’ and
i nterposed between a first groundpl ane and a second groundpl ane. The

appar at us nays til&zed atomgrvigeitaprobéssing to fomm lalyez|66c tSuck 1dvayess dietectid inly isnd
separating the stripline fingers, with each of the stripline W 2004/ 095622
PCT/ US20041 0GUAske fariapglsagion An S dFIeclip CIBMGBERHRL h af | cast one of the
first groundpl ane and the second

[0030] Embodiments of the present invention for the realization of miniature
filters, e.g., an L-band bandpass filter, provide low cost and a very small footprint,
through the utilization of a type of high dielectric constant ceramics that lend
themselves to the inexpensive thick film processing, such as CD-40 and CD-14-

available from Countis Laboratories.

[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 &, 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



groundpl ane. Each of the stripline fingers may be formed on the ceramc
substrate by the application of a small grain conductive netallization
paste.fol |l owed by hardening the paste to forma netalization |ayer on the
ceram c B2 Nnd the renpval of portions of the netCA/VI2O%I0R3| ayer
formed by the hardened paste. The diellectric |amnation layer nmay forma
thick filmlowloss |amnated |ayer. At |east one of the first ground pl ane
and the second ground plane can be electrically contacted to the stripline
fingers by a wap-around portion that is formed to wap around the sidewal |
of the ceramc substrate fromthe groundpl ane on one surface of the ceramc
substrate to the opposite surface containing the stripline fingers. [0033]
It is understood that the above-described enbodi nents are nerely
illustrative of the possi?le speqifi? enbodi nent.s whi ch may r%%resent

princi pl es of imgsreingledenl comtad wifha least ensrofdhe By erpvndrlapagnd wadesopdpe

devised 1 aceRiAANGs. WA o hISHE AL GLAIES RGPS, Bt Lbafclinkhfar

wi t hout depar romihe scope*and SpIri e rnvention.

clainmed is: liheApphiddtiphione sill fotdid Edndattiedinbal @i pstéBlloNed bR PatdRing
dielectric substrate £30) fabricated of a high dielectric material having a
relative di el thetpapte te ametalipati@nrayeyen tfe @famio subdrataandohe dineded of i ¢

bstr at 28) fabricated of high dielectr.i terial hayi .relati
el ectr o coRutint oEe Fielzadon Hyar fords it et eatie( 36 BHISHS °f or med
on the top suffgg idﬁfla%éfﬁxlne{}?%ﬁl?gkm&lgﬁﬁﬂ?ﬁﬂ&‘g i—*mgeefeg rl@gﬂdm:ie% PRt RN

defining an interleave er circurt pattern, I nput /output (1/0)

port (16) andfisstgamndglabe@neddtetse¢cd)grovieplbmcanbesdi¢caticaligrdntactet oortieubst r at e
sandw ching the conductor pattern to forma stripline circuit. 1s 2. A

miniaturized BrgHne fAagriehy. § WrenseeuntpoEipn thatis foompd feswrap around the sidewall

of the ceramic substrate from the groundplane on one surface of the ceramic substrate

to the opposite surface containing the stripline fingers.

[0033] It is understood that the above-described embodiments are merely
illustrative of the possible specific embodiments which may represent principles of
the present invention. Other arrangements may readily be devised in accordance with
these principles by those skilled in the art without departing from the scope and spirit

of the invention.



a resonance circuit input (16) and a resonance circuit output (18); a
plurality of stripline fingers (12 or 40) formed as a thick filmon a
ceram c substrate (28) 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 20 interpoged between a first ground pl ane
portion and a second ground plane portion. 3. Acircuit according to Caiml
or Claim2, wherein the high dielectric material of the substrate (28)
conpri s R)él I‘CFI’II uartltanate or MpO CaO-TIR. 25 4. Acircuit according to
Cl ai m 1,"VU#E? E[AMEASS il ter circuit pattern defines an inter- digital filter
circuit topography. 5. Acircuit according to Claiml, wherein the filter
has a band pass characteristic. 30 6. Acircuit according to aim?2
further TconpAl sirip@f\eaRFHiltﬂx circuitn etineprésing:i ¢ | ayer (60) coveri ng and

h | 2 wh [
cach of the St isestrt shesh e, oy faskifetlor £ Bt Jelbiid maidtialbauiioche of
the firsélag@uRIEIHi@BENRARE inod rad b50 &eeemd ground plane 13 portion. 8. A

circuit according to Caim2 wherein each of the stripline fingers is formed
on the cer amilopsdiplsctric substratee(28) fabricatedof & highs diglléctre anateciahtavingva

netal i zat,i aste. s fall b dening the paste to forma netalization
| ayer of® I?ﬁ%e @@?%l%cgr&%{gpfé\f% Iﬁ%ﬁt e renoval of portions of the
net al i zati ongl aygdudter rﬁ%@te‘?ﬁ( e oh D EL ISR th@ toﬁ SUFfakd t ot @ btiden t O

Claim6 wherein the dielectric layer Torns a thick Imlow |oss |am nated
| aylér . sObstrateAseid canductot pattery debinitigaaminterieered rfll'@lr dircait patternpf filse

first d | is electricall tacted t
the st P iULUTRR TP Bary 5 TR SR BB RER)  hat e formed to wap
around the siklewsp lsupstrafecan@ Bfiom SuBsirag! §aﬁdw|l&hmf@hme%eﬁaal&ba%ttenw e

surface of the ceram c substrate to an opposite surface
form a stripline circuit.

15 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

20 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-TIO,.

25 4, A circuit according to Claim 1, wherein the filter circuit pattern defines an inter-

digital filter circuit topography.
5. A circuit according to Claim 1, wherein the filter has a band pass characteristic.

30 6. A circuit according to Claim 2 further comprising a thick film dielectric layer (60)

covering and separating the stripline fingers.

7. A circuit according to Claim 2 wherein each of the stripline fingers is in electrical

contact with at least one of the first ground plane portion and the second ground plane



15 containing the stripline fingers. 11. A nmethod of formng a mniaturize
hi gh frequency resonance circuit conprising: formng a resonance circuit

i nput (16) and a resonance circuit output (18); formng a plurality of
interl eaved stripline fingers (12 or 40) as a thick filmon a 20 ceramc
substrate (30) having a dielectric consiBant of at |east about 30 E,
positioned transverse to the signal path through the resonance circuit from
t he i npportian.t he output, and interposed between a first groundpl ane (32)
and a second groundplane (34). 12. A nethod according to Caim211l further
comprising formng a thick filmdielectric 25 |layer (60) covering and

separ at igng t pecifduitl é&ddﬂ@inpitawéﬁn 21%hereimehBR &f aré QEripling firfyers & Mrikd off t her
conprising form ng each of the stripline fingers in electrical contact with
at | eastheperagiicshbsiratesby freapeliqatian«f aemak graie enductive medalizadion.paste 14.

Striopl i RS b Pdrdchitg I basie ' orce FadtBlsyiofifal el b e B2 s Pmte
grai n canduké retovarifyoricid entheanbrilizatiorPiager ey Klethentardefe@pakie.t o form
a netalization |layer on the <ceramc substrate and the renoval of portions

of the nmetalization |ayer fornmed by the 14 hardened paste. 15. A nethod

Toss. | agh nat At facodtdRg ol 4 Whshihine dl Gfigi i iaftab A ek baMlavyn
frequen¢¢gsf|ghﬁ,ﬁtegq§ygrj sing: a filter signal input and a filter signal

output; a plurality of interleaved stripline fingers fornmed as a thick film
on @ ceram c substrate having a dielectric constant of at |east about 30 e,

positionad tra > the. si t £ 4l r t
P OO R A6 nd e VB 139 et BHEYRE el LR B
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

15 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 interleaved stripline fingers (12 or 40) as a thick film on a
20 ceramic substrate (30) 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 groundplane (32) and a second groundplane (34).

12. A method according to Claim 11 further comprising forming a thick film dielectric
25 layer (60) covering and separating the stripline fingers.

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.

30
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



first ground plane portion and a second ground plane portion. 17. The filter
of claim16 further conprising: a thick filmdielectric |ayer covering and
separating the stripline fingers. 15 18. The filter of claim 16 wherein:
each of the stripline fingers is in electrical contact with at |east one of
the first groundplane and the second groundpl ane. 20 19. The filter of
claim 18 further conprising: each of the stripline fingers is forned on the
cer am c haudetedpastéy the application of a small grain conductive
netalization paste foll owed by hardening the paste to forma netalization

| ayer on the ceram c substrate and the renoval of portions of the

met al i zaki on Al getod abm_iﬁ@/ltd Ctaif ¢%@éfeﬁ\aﬁ{eedie?e‘ctﬁ’@+ayEIPQofrhlf,taefhi&{ firgﬂn aim

17, wherein: the dielectric layer fornms a thick filmlow loss |am nate

| ayer. |4 JossHamindteddaysfr. cl ai m 18 further conprising: 30 at |east one of
the first ground plane and the second ground plane is electrically
contacted to the stri pline fingers by a wap-around portion that is forned

to wrap g5 a\rmunﬂtatpbedsﬁt@?%@ltatrﬁfniéthﬁzé@h@w%Wgrf%ﬁcaﬁgigvgg P o surface

groundpl ane on one surface . he ceram c “substratée to an
cont ai ni ng t Adilter signial mput andex filterzignakouRfitf i | t er mi crowave i ntegrated

circuit conprising: i lter signal inppt and a filter signal output; a
o1 Ur al 1§ty ol aimuERealafbreaybisTRAR tngers ks adhiskim s ErraTeR -

cer am ¢ gypsthsterivind'a id18ctric $onkeft bF 8t RABEABHIt T s,%s’it&ﬁeﬁ Rl rstDtdCr
positioned transverse to the signal path through the filter fromthe input
t o 1he dhe pignal path thraughpbedittep fomethe iapuf tortbe aptputndpd anterposedbatweend

ar ounCIIOIfi"?‘sr}eg'round plane portion and a second ground plane portion.

17.  The filter of claim 16 further comprising:

a thick film dielectric layer covering and separating the stripline fingers.

15
18.  The filter of claim 16 wherein:
each of the stripline fingers is in electrical contact with at least one of the first

groundplane and the second groundplane.

20 19.  The filter of claim 18 further comprising:
each of the stripline fingers is formed 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.

25
20. The filter of claim 17, wherein:
the dielectric layer forms a thick film low loss laminated layer.
21.  The filter of claim 18 further comprising:
30 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



10 23. The circuit of claim22 further conprising: a thick filmdielectric
| ayer covering and separating the stripline fingers. 24. The circuit of
claim 22 wherein: 15 each of the stripline fingers is in electrical contact
with at | east one of the first groundplane and the second groundpl ane. 25.
The circuit of claim22 wherein: each df the stripline fingers is formed on
the ceram c substrate by the 20 application of a snmall grain conductive

net al i zatownd thestidewall bbﬂwcbewnﬁmsumra’tg fnohethqogmdptarfeommvae setrfabe ot i on

| ayer on the ceramc s strate a t he renoyal ortions. of the

met al i z1F BFEHG EH ?té‘?‘ﬁaa BYORRRE! aﬁ“&@‘ﬁ&@ﬁ!@ pipg tE SHRINCANGESt of cl ai m 23
wherein: 25 the dielectric layer forns a thick filmlow | oss | am nated

| ayer. 27. The circuit of claim?22 further conprising: at |east one of the
first ground plane and the second ground plane is electrically contacted to
the stri2@li né\nfRﬁgiﬁesnﬁt;rowawealpmgraiadd:irpoiltt:bmprism@t is formed to wap 30
around t he SI vvall 0 the C c substrate fromthe ground plane on one

sur Pace of tef sians rst g8 raa lltersignaleuiiMtosi t e surface containing the
stripline fi Qgpﬁur%llty of interleaved stripline fingers formed as a thick film on a ceramic

substrate having a dielectric constant of at least about 30 ¢, positioned transverse to
the signal path through the filter from the input to the output, and interposed between a

first groundplane and a second groundplane.

10
23.  The circuit of claim 22 further comprising:

a thick film dielectric layer covering and separating the stripline fingers.

24.  The circuit of claim 22 wherein:
15 each of the stripline fingers is in electrical contact with at least one of the first

groundplane and the second groundplane.

25.  The circuit of claim 22 wherein:
each of the stripline fingers is formed on the ceramic substrate by the
20 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.

26. The circuit of claim 23 wherein:

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

27.  The circuit of claim 22 further comprising:
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
30  around the sidewall of the ceramic substrate from the ground plane on one surface of

the ceramic substrate to the opposite surface containing the stripline fingers.





