2266195 "A nmethod of fabricating a thin-filmmcrowave filter" The present
invention relates to mcrowave equi pment and nore specifi

fabricating a mcrowave filter using capacitive T-networks i zmg 35
thin filmnmethods. Networks of capacitors and inductors can be used in

vari ous mcrowave applications to nake bandpass filters. Figure 1A shows a
typi cal. capacitor pi-network (so-called because its configuration resenbles
the Greek letter n) in narrow bandwidth filters. A conveni ent

nmeasure of bandwidth is the percentage bandwi dth (“BW, which is: [err]
where [err] is the centre frequency, [err] is the |ower cutoff frequency,
and [err] is the upper cutoff frequency. A typical inplenentation of such a
pi -network 10 M3 medthod wirifahrdcatingh@ thinmfdlm mianewave CEktpr" ses
three netal plates 12, 14, and 16 separated by a polyam de | ayer 18 on an

al um na substrate 20 havi ng a groundpl ane 22, Capacitor Cl is forned
bet ween metal plate 12TRed gPEEREBEaneENt Ao i rElaEss| s ¥ nid Fovndeh

netal plat ef 14eq0dbp@lé®wldml iﬁﬁr%Z spec@&riaﬁimg][ % fh&brd@‘a&&]ﬂh gy a wicrowave
capacitors for netal plates.l2 angd 16 QL _ong t serie .
capacitors, ang‘iﬂ’ﬁ%l "pﬁ’e{{%s"i%a'ﬁﬁélﬁ, q‘f' &etf"ﬁgs‘(?t [pp-en e%?\gawﬁglf‘\/\wq S
described in, USiAmim@8®hod@s0, issued Nov. 14, 1989 to Swanson, Jr. The -
network consists of a filter fabricated froma planar dielectric substrate

having a ground pl ane on one side and two thin-filmmetal |ayers and an
i nsul ati on |ayer on t h¥edwexksspfccapachEorst and shadvnekerat¢m beyused dne

configured to {arioaee Wicrowak’e applications to make bandpass filters.
__ Figure 1A shows a typical capacitor pi-network (so-called
~ because its configuration resembles the Greek letter =) in
narrow bandwidth filters. A convenient measure of

bandwidth is the percentage bandwidth (%$BW), which is:

fo

where f, is the centre frequency, f; is the lower cutoff
frequency, and f, is the upper cutoff frequency.

A typical implementation of such a pi-network 10 is
shown in Figures 1B and 1C. The Pi-network 10 cé’mprises
three metal plates 12, 14, and 16 separated by a po'lyamide
layer 18 on an alumina substrate 20 having a grbundplane
22. Capacitor Cl1 is formed between metal plate 12 and

c

groundplane 22. Capacitor C3 is formed between metal plate
14 and groundplane 22. Capacitor €2 is actually two
capacitors formed by metal plates 12 and 16, for one of the
¥ ' series capacitors, and metal plates 16 and 14, for the
other. Such a network is described in US-~A-4,881,050,
issued Nov. 14, 1989 to Swanson, Jr. The network consists
of a filter fabricated from a planar dielectric substrate
having a ground plane on one side and two thin-film metal
layers and an insulation layer on the other side. ' The
metal and insulation layers are configured to form one or



nore capacitive pi-networks and spiral inductors, which are electrically

i nterconnected to formthe filter. In order to increase the YW capacitors
Cl and C3 nust be nade snmaller and capacitor C2 nmust be made bi gger. The
sizes of the plate areas, dielectric thickness, and dielectric materials
used can all be adjusted to mani pul ate the val ues of the.capacitors, but
practical limts are reached at even nobdest %BW figures. The
problem traditionally, with mcrowave félters has been the very Ilmtec:l)wc
dynam ¢ range of el enent values. (which®is not a problemat |ower

frequencie d_i pduct can be used.) The
prior art :% u%l a 5&?/26% ﬁgeﬁgﬁg?eﬁn rﬁ%ﬁ?ﬁgf%%uﬁr-?ﬁsumwh are

t opol ogi es @mgbrlgab&mmmt@mommted itonsEor tise tAEI€éLL € an obj ect of

the present invention to provide a nethod of fabricating a m crowave filter
that has a w de percent aae bandwi dth. In one aspect, the present invention
provides a method &R OFr€eFi &at ingrease: lthe ABW) capacitaes di l&mi.c3

conpri si ng ket Sh f [ g n flrsi i de of an'
al um na sugﬁ r at e,épfiaedgsf?lgﬁme§ %ha caﬁgtEg'I ?glcgr g‘(‘)%I%a% J&gqﬁ t he
al uni na su ?aFézﬁﬁpd%f tEh{'—‘o Hate gaveasp! mmrm nthiickhessi, r 2indret al

layer i nto gidlestr 10 mhtel 24Ps bR A |41 e dd Fildhdll d YR cyﬂe@;ea%&/

| ayer over _.the i rst | ate; ¢epositing a
the silicor-Hf t YAdHES e‘rPTEc%r‘%eE fapaFitagss orbﬁﬁgpgé@&wadndlimm retenl

pl ates on tteached coatni evetle diodests I i¥BW aYLiqeHEd, t hat wadaci tor
Soond e SRR G ALy (PP Bl Grovdyd, Finlkn ) %é's%%geré ? Be el
pl at e sai dlsﬂllted)rﬂymam1deraager o&nélseaiedzﬁ hra“xhé@.t al (thgﬁ 1§”91cﬁ: tJn rd:” U
: problem at lower frequenc:.es because dlscrete capac:l.tors
‘and inductors can be’ used ) The prJ.or art solutlons have
usually centred on coming up with clever tcpologles to get
around those restrictions.

It is therefore an object of the present inventlch
to provide a method of fabrlcatlng a mJ.crowave filter that
has a wide percentage bandw1dth.

In one aspect, the present J.nvent10n provides a
.method of fabrlcatlng a thln-fllm mJ.crowave fJ.lter,
| comprlslng the steps of: depos:.tlng a groundplane on a
fJ.rst side of an alum1na substrate, depos:.tlng a first
metal layer on a second s1de of the alumina substrate
opposite to sa1d groundplane and formlng the f:l.rst metal'
layer into a first metal plate,- depos:.t:.ng a s:.l:.con
nitride dlelectrlc layer over the first metal plate,
depositing a .Second metal layer over the s111con nitride - .
dielectric layer and formlng second and thirad metal plates |
on the silicon nitride d1electr1c layer .such that a first »
capacitor is formed by said first metal plate, said silicon
nltr,ide layer and said second  metal - plate, ‘a second
capacitor is formed by said first.meﬁa-l plate, said silicon
nitride layer and said third metal plate, -and a third



3 capacitor is forned by said groundpl ane, said alumna substrate and said
first metal plate, said first second and third capacitors formng a
T-network of capacitors and formng inductors in the second netal |ayer

that are electrically connected to said T-network of capacitors. A

m crowave filter fabricated in accordance with a nethod enbodying the
present invention provides a filter network conprising a T-network of
capatikt ors inplenmented with thin- f|In1techn#ques by appl ying a groundpl ane
to one side of an al um na substrate and a ffrst plate to the other side. A

silicon nitride_diel, ctrl a.high i f ca A '
deposi ted over Chpa F P§t b?at % nggqggcgggﬂgﬁbiﬁﬁffd §§%3C3€g§m%ﬁ%te
are deposited snbshmaﬁeehadtsaadofmrsthmethlsplptebesatd fillvabt agoond ahd
pr esent |nvent I Qnﬁﬁﬁfe t ergd h e nt
can be practlc F§d ﬁ%?é%e ed using an?ﬁgﬁ? %lquéi @%R%EHEE%SP ahd
advant age of tﬁerpu.agenu.ndnv:tanOnlns thet qﬁ:@nﬂt metedpaday@xcethate are
reduced. In or foat %ﬁ@? @?gf YoENdSba g .
enbodi nment s thggéo% ﬂﬂ¥2363 escri edgﬁﬁgnﬁg3é aﬁaﬁp b &Q Brs
reference to the acconpanying drawi ngs, in which: Figure 1A i s a schenatic

circuit of a prior art Ca‘%@otvfarveolfﬂaié&orﬁbﬂwéu1ﬁalécaofa&n&éew&eﬁ a
prior art thin-film.inplenentation of the circuit of BgFre 1A; Figure 1C

i s a cross-sechpsherd \aukedying cthe, pregantorinyenton QWéﬂ%ﬁcﬁ@f%%Eer

lines 1CG1C, network comprising a T-network of capacitors implemented

with thin-film techniques by applying a groundplane to one

L 'side of an alumina substrate and a first plate to the other
side. A silicon nitride dielectric layer having a high
density of capacitance is deposited over the first plate,
and then a second and third capacitor plate are deposited
on the dielectric over the first plate.

- aAn advantage of the present invention is that
bandwidth percentages greater than thirty percent can be
practically implemented using thin-film techniques.

Another advantage of the present invention is ‘that
parasitic capacitances are reduced.

~ In order that the invention may be more readily
understood, embodiments thereof will now be described; by
way of example, with reference to the accompanying
drawings, in which:
Figure 1A is a schematic circuit of a prior art
* capacitor pi-network.
Figure 1B is a top view of a prior art thin-film
p 1mp1ementatlon of the circuit of Figure 1A;

Figure 1C 1is a cross-sectional v1ew of the
structure of Figure 1B taken along the lines 1C-1C;



4 Figure
fabricate
Figure 2

2A is a schematic circuit of a capacitor T- network for a filter

d in accordance with a nethod enbodyi ng the present inventio
B is a top view of a thin-filminplenentation of the

network of Figure 2A; Figure 2C is a cross-sectional view of t
structure of Figure 2B taken along the line 2C-2C, Figure 3Ais a schematic
circuit of a 2-6 GHz bandpass filter fabricated in accordance with a .
met hod enbodyi ng the present invention; ,Figure 3Bis a top view of the

filter of

structure

of the ba

capaci tor

synmbolically as C4-"C6 an 1 C
“a third pFd@res 2By disel et ri%OP| aydevw 40f g athinnilm

and 44,
substrate
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sui tabl e

Figure 3A; Figure 3C is a 'cross-sectional view of th

n,

he

. ey

e

of F1oul &i3fletlenh A A Gdlindifeciedit 8% FLapleidokSra 0 aph |

ndpass chardcteristics that were ¢

S efiBoay ey i&i&g;ﬂéyé& CERASHE Pk, Whi ch are i |l ustrated
are made froma first and a second pl ate

ikPlemditatich YAl Metwork SEbpigare 2R;can be made of-

42

for the =+
filter in ne§wWexksforrRefhdtalr kabrigated tngacesrdange with a-methodk of

e YY) tQf Ehest and

beryl'lium_gxi de, alum piumnitride, gu&ntz, sapphire, or any othér

ni cr onave FSIMEE atdC 1%\ | 3cafXGRFES

second pl ageguéturied oft Firjutd BB takdmt£lordd thenlihe 2gebe; deposited,:

such as
opposed t

o T he pol FARUEE opR| by 1 S QeRRf fo] RIBHGIE, Bei £k Fhie

e,
i de

l'ayer typi bahdpasas filltesi tfaficatpadi iancaccotdaficé withf & aflethp)

square m F, v per square m| [err] for th
pol yam de g&é?yi%%%a?ﬁe%%?&&%f)&o ' (The density, of cour

al so depe

nds on t h&igurek38sdsusetiop view of the filter of Figure 3A;

Figure 3C fis a cross-sectional"vier-of' the
structure of Figure 3B taken along the lines 3C430; and
_ Figure 4 is a graph of the bandpass chéracteristics
that were calculated and measured for the filter in figure
3A. '

The network shown in-Figures~ZA-2C is a T-network
of capacitors 40, comprising . three capacitors which are

e »
se,

illustrated symbolically as C4-Cé6 and are made from a first
and a second plate 42 and 44, a third plate 46, a

dielectric layer 48, an alumina substrate 50, and a
groundplane 52.  Substrate 50 can be made of alumina,
beryllium oxide, aluminium nitride, quartz, sapphire, or
any other suitable microwave substrate. All can -givé

acceptable results. . First and second plates 42 and 44, and
third plate 46 can be gold deposited, such  as 'by

sputtering. Dielectric layer 48 comprises silicon nitride,
as opposed to the polyamide of layer 18 (Figure iB-lc);
The silicon nitride layer typically has a density of
capacitance of 0.1 picofarad (pF) - per square' mil
(15.4nF/mm2), versus 0.005 pF per square mil (7.7pF}mm2) for
the polyamide -layer, such as in Us-a-4,881,050. (The
density, of course, also depends on the thicknéss used.)
Chemical vapour deposition (CVD) can be used to deposit

as
per

_--”\



Chem cal vapour deposition (CVD) can be used to deposit 5 layer 48 on
Substrate 50. Capacitor C4 is fornmed between plates 42 and 46. Capacitor C6
is formed between plate 46 and groundpl ane 52. Capacitor C5 is forned
bet ween plates 44 and 46. The differences in the thicknesses and
dielectric materials in layer 48 and substrate 50 allow plate 46 to be nade
with a relatively large area that can effectively shield capacitors C4 and
C5 +_om having stray (parasitic) capacitances to groundplane 52. Therefore,
an i nportant advantage of thi's structure i$ that parasitic capacitances are
reduced, and actual filter characteristics nore closely adhere to the
predict ed resuldyer Ri®fonasupstratepbPsi c QapacitantConis of ornedmbesween
pl'ates are such that ey ta a f ok he_ dj n LR AL
i ol oot i cs.  MiRHaR 4hand {EyS T AREEEoF (ch, fs EoLARA BEENEEN Bate 46
fabricated i n ;art grmmdpland 52 retCapachbodyChgishEopnedchetieeinplates A
Plural ity of N CouffPa | verhio nBliidtarthes S4ANEHES Whiiipaaicd | B
i nterconnecting i tors and’input/output capacitors are included. The
network 61 i ndielksctrionmateriedsofin hgéﬁet-'apﬁeﬁ:i apds spbstamte, ;585 ajilay
the capacitor xg%tfgdwggaehwaewm @ %mﬁnﬂawe hveat thatoican
capacitor 64 &an . An 1 nductor 70 |nterconnects(% Ssngtmor s_Ql an

r

62.
Net wor k 62 i n@ffretivelyihbehieldncapacitors: fHhan 75ToR, hayings LAY

the capacitor ' anbB8 8604fdihdpaaned skhe fheridforeyf an
capacitors 72 géif%gff@Eﬁgbéﬁé&Eﬁ v g 9 ¥

) . An inductor 78 _interconnects the n rks 62 .
63. Network 6IWRRIERRAS édcYGPEiaﬁz?ci%% isn REFRGHRER &S %&8?%’3’?" -
with the capacidpicBéaksésndiérdiiowd) drite agromaldfidteractiariacteristics
&g‘ more closely adhere to the predicted results. Preferably,
the physical orientations of the metal plates are such that

they take advantage of the differences in the dielectrics.

Figures 3A-3B illustrate a 2-6 GHz bandpass filter
60 fabricated in accordance with a method embodying the
present invention.. A plurality of three capacitive T-
networks 61, 62 and 63 with appropriate interconnecting
inductors and input/output capacitors are included. The
network 61'includes a combination of three capacitors 64,
66 and 68 with the capacitor 68 extending between the
groundplane and the junction of capacitor 64 and 66. An
&g‘ inductor 70 interconnects the networks 61 and 62. Network
62 includes a combination of three capacitors 72, 74 and 76
with the capacitor 76 extending between the groundplane and
the junction of capacitots 72 and 74. An inductor 78
interconnects the networks 62 and 63. Network 63 includes
a combination of three capacitors 80, 82 and 84 with the
¥ capacitor 84 extending between the groundplane and the



6 junction of capacitors 80 and 82. Network 61 includes a conbi nation of
series capacitors 64 and 66, and are 6.5 pF, which is nuch | arger

el ectrically than capacitor 68 at 751 fentofarads (fF). Inductor 70 is 2.8
nanohenries (nH) and couples T-network 61 to T-network 62. Series

capacitors 72 and 74 are 54pF and nuch larger electrically than capacitor

76 at 774 fF. Capacitor 86 is 369 fentofarads, inductor 88 is 2.25 - _
m crohenries (uH) and couples capacitor 86 to T- network 61. Inplenentagyon
of the respective T-networks 61, 62 and. 63 (Figure 3B) is similar to that
shown for network 40 in Figures 2B-2C. "The sizes of the respective plates

for Cach  RARNAGH oft’ Sapadivatedso! nd 921 U nbByotRe il ary -

val ues. Al the |n uctors .g., inductors 70 an 8, have nore than one

turn.  But comiinatien Q%ﬁ?éft]@r% capacitorss 64 and; ffy cadtaBe $n5 BF, f| at
t wo- di nensiviiidlh 9\ fsh Max xb@mtﬁcdelttwn dcq@aﬁ@oﬁeesi@k:t'ﬁsponnect‘

the two halye t ctor a nt age of usi.n VJa h S an
connect i ng fﬁ’t‘&tﬂgﬂ arﬁiesa @a‘l | |If<‘ﬁ"1ccl?9 dyqa gzt , P’l!g)n qﬁéj

f abri cat ed amipies T-metivank: ﬁhmoq‘meneawdrkddztl (ﬁmh.es stmmhcyltedasurz S _
el i m nat ed. i e ng- 94 in-
Fi gure 3B. “@Qggc??%rgﬁéf ggg éf é:[%lj:ment gﬁ% a str ctdgg 6 in

Fi gure 3B. 76Ca%adi’ttof¥ - 7zcapacaﬁar7%6a$% 3 | kankatarafs a GuREer 888 in

Figure 3B. i@apAcis onEcBbheBZiasd (Gff)alahd G IESE edapicitsl! et Woe 1.00.
Capacitor 92. s i.nmp nented by a structure 102. A nethod of fabricating

the above qﬁ?Qt& I microwave filter conpri ses dep05|t|ng a groundpl ane
and first netal plate on an al um na substrate, depositing a silicon nitride.

dielectric layer O&ﬂ%ﬂ%t dr{ %f thaet ?‘espectlve T-networks 61 62 U
and 63 (Flgure 3B) is 51m11ar to that shown for network 40
in Figures ZB-ZC,. The sizes of the respectlve plates for-
each capacitor are  adjusted to result in the above
exemplary values. All the inductors, e.g., inductors 70
and 78, have ‘more than one turn,.:But_sincelthese-induCtors

are prlmarlly implemented in a flat two-dimensiOnal
surface, w1re bonds, or metal brldges are needed to connect
the two halves of the,lnductor, The advantage_of_uslng.v1aﬁ
holes and connecting'them with atmetallization is that the
whole device can be fabricated using'thin—fiim techniques
and.additional'assembly labour is eliminated. = |

_In'FiguredaA,'capacltor 86 1s 1mp1emented by a
structuref94.in'Fignre 3B. Capac1tors 64, 66 and 68 are
implemented by a structﬁre'QG in Flgure 3B. Capa01tors 72,
74 and 76 are 1mplemented by a structure 98 1n Flgure 3B.
Capacitors 80, 82 and 84 are 1mp1emented by a structure
100. Capacitor 92 is 1mplemented by a structure 102.

A method of fabricating the above thin-film -
microwave filter comprises depositing a groundplane and

o

first metal plate on an alumina substrate, depositing a
silicon nitride dielectric layer on the metal first plate,
and depositing second and third metal plates on the



and depositing second and third netal plates on the 7 dielectric |ayer
such that a T-network of capacitors is fornmed by the first through third
nmet al pl at es. The majority of the inductor nmetallization is in the sane
| ayer as plates 42 and 44. The two hal ves of the inductor can be connected
by formng vias through the silicon nitride dielectric and an underpass
using netal in the same |ayer as plate 46. (Here the connection
techtal ogy is an underpass, in the pol yamge type of prior art device the
connection technology typically used is an overpass.) An advantage of the

present Lnventdpidectial 100 0 Rhad of $DABLLBEK! Yo eEapRE1EBRS s
practical ly inplréenmented using thin-Til'mtechniques. Figure 4 ows the
bandpass char s&ewmedt ikys thet firetcatkreoughkd qd hae splageroer fiTher

60. Low i-nsert,ﬁﬁb%g% %%ﬁ&%rgdwé& It 1 1 9581 6k Ci @ UirRivieed dgleeiydpo

and si x gi gaher hough the present 1nvention has been

described in tas elakes 2 AR At { y Theftere hpsimp findhe inqugtor san be
under st 0od t hatohhEc€ed 9 Urtdrinii fipt viidsPethpbaghr et asilidoni Mitride
Various alterat]jons and nodifications will no, doubt become, apparent to
those skilled 44eloethi¢ apdeAMHANRARTRAST ‘%s’n’e“%b%%'%aﬁi ip| &hg same layer
Accordingly, 44 ipgldtd engrd t halerbe BREENEEINECDiIOR DEedmhoLeget eils asan
covering all al t‘irat i ons gnd [ f(ié:g?t i o(?s gs f al If within th_E a%%pe Oftﬁ he
i nventi on. RefZLACRAFE, hdPe By i RRYTRLTD G¥PCc S pdhit Ty PhtefifVice the
Appl i cation Noco¥Re®Ridn6téSRnbabghio typicad4y) used hsham tdwerspass. )
description as the present Application and clains a thin-filmm crowave
filter conprising: a substrate

- An advantage of the present invention is that

bandwidths greater than thirty percent can be practically
implemented using thin-film techniques. Figure 4 shows the
bandpass characteristics that were calculated and then
measured for filter 60. Low insertion loss and equiripple
return loss are obtained between two and six gigahertz (100
' $BW) .

Although the present invention has been described
in terms of the presently preferred embodiments, it is to
be understood that the disclosure is not to be interpreted
as limiting. Various alterations and modifications will no
doubt become apparent to those skilled in the art after

i having read the above disclosure. Accordingly, it is
intended that the appended claims be interpreted as
covering all alterations and modifications as fall within
the scope of the invention. |

N Reference is hereby directed to éﬁr co-pending
Patent Application No. 9220212.6 (Serial No. 2260646) which
H has the same description as the present Application and
claims a thin-film microwave filter comprising: a substrate
including a groundplane on a first side and a plurality of
first metal plates on a second side that is opposite to
said first side; a dielectric layer covering said first



i ncluding a groundpl ane on a first side and a plurality of first netal

pl ates on a second side that IS opposite to said first side; a dielectric
| ayer covering said first 8 netal plates on said second side of
substrate; a plurality of T-networks of capacitors each fornmed by a second
and a third netal plate that are each deposited in the dielectric |ayer and
each di sposed entirely within an area defined by projecting the boundari-es
of a respective one of said first netalg plates normal to the groundpbaae
so that the respectlve first netal plate i ntervenes between each of said

second nddig e R 16t SUBUTGP aceiter ) PRKARASY

I nductors orned primarily on the dielectric 4 onnecte T
and bet weeRfr Ak sres erPaRdtPrfeLRAGhk  3mashRiti2 ofecPndcandade. '

Co- pendi ng +AaRld Gaitaan mt&%%f&%lar@ alam Qle?b@ltéd”&hhﬁﬁe a&eléél&&%atl ng

a thin-film mcrowavée | ter, g teps of dep05|t|n%
groundplanéadﬁraqmqwﬁaQH(ﬁ%%ﬁ°%€§d§%¥%§?é W%BB%Ft?ﬂgaﬁePlﬁ§flﬁ8§a Ylayer'

On a secongryidr: tqfngsa'lﬂia Eﬂ&ﬁ{dﬁfifés o al i’e@@x@.@ﬁiﬁ\fé ohes ¥fd shiigsieigistte and
formng a %ﬁ;ﬂ of first | at es; OSIti g a dielectric layer
over said S! ajres | MQ %Ié?%% gaeh &P aggﬁﬁraFPFy of
T- net wor ks x@‘smmé OF$rby d&mﬁ t pmgta mmbéméal bety@erdVesichaiof
dielectric lakﬁ and form.n sec f EEF%d net%t | ates_that. are each-

e _

entirely w¥th T a®H8r e g5t A& ¢ PEQUpAP ane;
respect i ve alnd sa nplatraplisye obr n:ahdm@td)m ofcrrmreeth |- gpreimaanil ¥ orari ndche

I nduct ors 4 &0 gggal yer at %ﬂﬁﬂir ec el |
electrlcallg'é%%ﬂgéﬁ dnﬂa nesa% salggT ﬁ%%ﬁgi qu%gpa%#éorﬁetween o

respectlve ones of the T-networks of- capac1tors in cascade. ._,&J

Co-pending ApplicatiOn-No; 9220212 6 also claims a
method of fabricating a thin-film mlcrowave - filter,
comprlslng the steps of : depositing a groundplane on a
first side of .a substrate; depositing a first metal layer
on a second side of said substrate that is opposite to said
first side and forming a plurality of first metal plates; |
depositing a dielectric layer over said plurality of first :
metal plates; forming each of a plurality of T-netﬁorks of
capacitors by'depcsitinq-a-seccnd metalglayer-oveﬁ said
dielectric layer and forming second and*third”metal plates
that are each entirely within an areaﬁdefiﬁed'by projécting
the boundaries of a respective first metalfplate normal to
the groundplahe; and forming inductors in Said:second metal
layer that are each-respectively electrically connected to
ones of said T-networks of capacitors.



9 CLAI MS: 1. A method of fabricating a thin-filmmcrowave filter,

conprising the steps of: depositing a groundplane on_a first side of an

al um na substrate; depositing a first netal |layer on a second side of the
al um na substrate opposite to said groundpl ane and mwﬂnmjlﬂumlmlll met al
| ayer into a first metal plate; depositing a silico

| ayer .over the first netal plate; depositing a second” netal’ Iayer over the
SI|I\%QT'I nitride dielectric layer and form ®y second and third netal plates

on the silicon nitride dielectric |ayer such that a first capacitor is
formed by sai ccfaIMB: net al pI ate, said S|I|con nitride |l ayer and said

second netal pjate, iy@} Oéipaocft Jr?g.{;rqad Qy %ﬁ'lﬂ-ff'lrl%{ m@lovﬂvige

sdid silicon n]i‘tr|del saldt and a t
capacitor is fmlmrbycempnlgmngn&pbaﬁé:ewalﬁ al Qr"alﬁbﬁ‘it?aﬂé'%’i’ﬂlpéér\?

fir st netal plc% f%&'ézt: félﬁ ste%qul g\q.r{ahbh@:s%%%@'t alé@Jsirﬁﬁl a’if]_rst

T-network of capamtors an ormng I nductors in the second, neta z%_'y
that are el ectmetml | Jay@meened t 5esand T8ide wotk B‘I"‘eczﬁ}éﬁlﬂﬁssu?s rate p

met hod aCCOfd'é%,éé’lé%agg‘ Laild G RngOTRAe Shiig fonfiep €lie eaBBeCHietal

sai d inductor an under pass ;such that _nmulti-turn inductpors ar
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depositing a second metal layer over the silicon nitride

dielectric layer and forming second and third metal plates
on the silicon nitride dielectric layer such that a first
capaéitdr is formed by said first metal plate, said silicon
nitride layer and said second metal plate, a second
capacitor is formed by said first metal plate, said silicon
nitride layer and said third metal plate, and a third
capacitor is formed by said groundplane, said alumina
substrate and said first metal plate, said first second and
third capacitors forming a T-network of capacitors and
forming inductors in the second metal 1layer that are
electrically connected to said T-network of capacitors.

2. A method according to Claim 1, further comprising
the step of: connecting said inductors by an underpass such
‘ot -that multi-turn inductors are formed.

3. A method of fabricating a thin-film microwave
filter substantially as hereinbefore described.



