"Wde bandwi dth m crowave filter network"” The present invention relates
to microwave equi pnemt~and nore specifically to using capacitive T-
networks inplenented with thin filmnethods. Networks of capacitors and

i nductors can be used in various mcrowavg applications to nmake bandpass
filters. Figure 1A shows a typical capacitor pi-network (so-called because
Its configuration resenbles the Greek letter [err]) in narrow bandw dth
filters, A convenient neasure of bandwidth is the percentage .
bandwi%th (9BW, which is: %BW= [err] where [err] is the centre frequency,
[err] is the |ower cutoff frequency, and f2 is the upper cutoff frequency. -
A typical inpleff#ids handfidh micypwaee wbikteo netwaskfl in Figures 1B and
1C. The Pi-network 10 conprises three nmetal plates 12, 14, and 16
separated by a polyanide |ayer 18 on an, alum pa substrate 20 having a
groundpl ane 22.  Capaci®h® CPresend: neinpentien ngfedatpst et aRmdcrowave

groundpl ane 22. opfigmidri &ARd Smdré MRHRIPRAIIP! 8b PSRy 1apiEitive T-
groundpl ane 22. Capacitor C2 is actually two capacitors fornmed by netal

plates 12 and 18etgrksdnplengntes | eith painbidim nekbREEal plates 16 and
14, for the other. Such a network is described in US-A-4,881, 050, issued

Nov. 14, 1989 to Swanso Jr. .The network.,.consi sts .of, a.filter fabricated
froma planar dielectri gles%%lf]f%toetnﬁaﬁﬁaﬁgltaorgsr&ﬂﬂsj déﬂ?é:od:r? S gledgsgﬁdln
two thin-filmnveaidus enicnodave applliaatdiorsyee makehdaridmpassi féltershe

metal and insul afi r opf i d fQr . C _
capacitive pi- n?tl résa%lgdééﬁgaﬁ ?&hgg:%gr gta%\ﬁnﬁ(ﬁqgrg&gl 3;%%‘%’??%2?%§ called
i nt erconnect ed bedamse tihks fe¢dnfsiguration resembles the Greek letter m) 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 comprises
three metal plates 12, '14, and 16 separated by a polyamide
laYér 18 on an alumina substrate 20 havihg a groundplane
22. Capacitor Cl1 is formed between metal plate 12 and
groundplane 22. Capacitor €3 is formed between metal plate
14 and groundplane 22. Capacitor €2 is actually two
capacitors formed by metal platés 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 planai' 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



In order to increase the YBW capaC|tors Cl and C3 nust be nade snaller and
capacitor C2 nust be nade bigger. The sizes of the plate areas, dielectric
thi ckness, and dielectric materials used can all be adjusted to manipul ate
t he val ues of the capacitors, but practical limts are reached at even
nodest 9%8BW figures. The problem traditionally, with mcrowave
filters has been the very |imted dynam c range of el enent val ues. (Vhich
is not-a problemat |ower frequencies because discrete capacitors and

i nductors can be used). The prior art solutions have usually centred &#
comng up with clever topologies to getzaround these restrictions. It is
therefore aprebrapacitiveeppraetwbrkevanii spital pinductors livivmeadilter
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of : deposi |ng a groundpl ane on "a .
: 1nductors can be used). The prlor art solutions have

usually centred on coming up w1th clever topologies to get
around these restrictions.

It is therefore an object of the present invention
to produce a microwave filter that has a wide percentage
bandwidth. _ ' _

In one aspect the present 1nventlon provides a
substrate 1nc1ud1ng a groundplane on a first side and a
plurality of flrst metal plates on a second side that is
oppos1te to said flrst side; a dlelectrlc layer covering
said first metal plates on sald second s;de of the
substrate, a plurallty of T-networks of capacltors each e
formed by a second and a thlrd metal plate that are each NS
deposited on the dlelectrlc 1ayer and each. dlsposed
entirely within an area deflned by projectlng the
boundaries of a respectlve one of sa1d flrst metal plates
normal to the groundplane s0 that said f1rst nmetal plate
1ntervenes between each of sa1d second and third metal
plates and sa;d groundplane, and.a plurallty of inductors
formed primarily on the dielectric layer and each connected
to and between respective ones of the T—networks of
capac1tors in cascade._ _ o _

In another aspect, the present invention'provides
a method of 'fabricating a thin-film microwave filter,
comprising the steps of: depositing a groundplane on a



3 first side of a substrate; depositing a first netal |ayer on a second
side of said substrate that is opposite to said first side and formng a
plurality of first netal plates; depositing a dielectric |ayer over said
plurality of first nmetal plates; form ng each of a plurality of T-networks
of capacitors by depositing a second netal |ayer over said dielectric |ayer
and form ng second and third netal plates that are each entirely within an
area ydefined by projecting the boundaries of a respective first netal plate
normal” to the groundpl ane; and forning indugtors in said second netal |ayer
that are each respectively electrically conhected to ones of said
T-net wor ks. of Eimsdi tside ofi ansubstovatepndepbsitingr es&irsitnwmertiailodayer

filter netvork P Eeasha eTalChs0k: 8 BPEFAL L End Pl PR U Wh saia

thin-filmtechni ques by applying a, groun ane to one si of an al um na
substrate and Fimskisiigiand ofeyming harriphality of| fdystnmetade plates;

di el ectric | aygegtditihg didieldengiie 1ofyetapaeir ¥aGa ip3 uienddy oFf @dest he
first plate, and,then a . second and third capacitor pl.ate deposited Qg
the dielectri c“l?\’:@g' FHEYGSis EPTHE € q’a(‘f\afgﬁt Qéé‘?@ﬁlt%rYe%&sTéﬁ%"i%ﬁfgn
i's that bandw diapaesitea appsdgpestitinghan sécohd metadntlayer bever said
Phe progent | nehamesrii i telifer, Wl 2 BixEr SRS o Brl17a BT plale
that the inventthat sxe pechoeptivedy| yithinran area defddied i predesting | |
now be descri bggye Bouitaritis @ ReBpectilie FisER GRE21 Platd fiormal to
acconpanyi ng drawi ngs, 1 n_which: Figure 1A is_a schematic circuit of a
prior art the groundplane; and forming inductors in said second metal
\_ layer that are each respectively electrically connected to
ones of said T-networks of capacitors. _

In one embodiment of the present invention a filter
network comprises a T-network of capacitors implemented
with thin-film techniques by applying a groundplane to one
side of an alumina substrate and a first plate té the other
side. A silicon nitride dielectric layer having a high
density of capacitancé is deposited over the first plate,
and then a second and third capacitor plate are deposited
on the dielectric over the first plate.

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

gz ' Another advantage of the present invention is that
parasitic capaciténces 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. ' _

o Figure 1B is a top view of a prior art thin-film
.implementation of the circuit of Figure 1A; _
Figure 1C is a cross-sectional view of the

structure of Figure 1B taken along the lines 1C-1C;



capacitor pi-network. Figure 1Bis a top viewof a prior art thin-film

i npl enentation of the circuit of Figure 1A, Figure 1Cis a cross-sectional
view of the structure of Figure 1B taken along the lines 1C 1C 4 Figure
2A is a schematic circuit of a capacitor T- network for use with an '
enbodi nent of the present invention; Figure 2B is a top view of a
thin-filminplenentation of the Figure 2A network; Figure 2C is a %
cross-sectional view of the structure of Figure 2B taken along the |{jes
2C-2C; Figure 3A is a schematic circuit of a 2-6 Gz bandpass filter =
representing an enbodi nent of the present invention; Figure 3Bis a top

view of the filter EJ ; o Fi +36 S J0SS- 1is view
of the structure _o#)‘{ |%%%£3gét%kégﬂéﬁgﬁg tﬁgiFP%gs%?g%&%%?ﬁ!&qﬁyglﬁe 4 1is
a graph of netwdrindpfer chaeacwdithst iass témbodisnental ofl atbe aptresentur ed

for the fﬂﬂﬁyédgkgﬂgure 3A. Figures 2A-2Cillustrate a T-network of .

capacitors conprising three capacitors which:are illustrated
synbol i cal |y as CA-Keguwel a2B nad® from §OPi r stiewd #fsecdnd Goim~£idm and
or oundpl ana BE et ol G oEhe! P 2 e Ceryllium oxi de,
al umi nium nitride, FiaM¥e  3GppAsre2 oCEARSTRMEICRRL abVieHi c Lfna ke
substrate. gtrhidtiid &f VPigesePBbtakensaiohg fohestlidiut s pl ates 42
and 44, and third pl ate:46 _can, e e ea :
Figure 3A is a schematic circuit of a 2-6 GHz
bandpass filter reﬁresenting an embodimént ofithé present -
 invention; o | ' _
Figure 3B is a top View of the fiiter of Figure 3A;
Figure 3C is a cross¥sectional _view of the
structure of Figure 3B taken along the lines 3C-3C; and
| ‘Figure 4 is a_graph of the_bandpass_¢haracteristics
that weré'calculated ahd measured for the filter in Figure
3A. X o : -

_ | Figures 2a-2C illustrate a T~network of capacitors
40, comprising three capacitors which are illustrated
symbolically as C4-C6 and are made from a first and a
second plate 42 and 44, a third plate 46, a dielectric
layer 48, an alumina Substrate-so, and a groundplane 52.
Substrate. 50 can be:  made of alumina, beryllium oxide, }
alumihium nitride, quartz, sapphire, or any other suitable 14)
microwave substrate. - All can- give acceptable results.
First and second plates 42 and 44,;and third plate 46 can
be gold.depositéd, such as by sputtering.' Diélect:ic layer
48 preferably comprises silicon nitride, as oppoéed'tb the
polyamide of layer 18 (Figure 1B-1C). The silicon nitride
layer typically has a density of capacitance of - 0.1
picofarad (pF) per square mil (15.4nE/mm?), versus 0.005 pF
per square mil (7.7pF/mm?) for the polyamide layer, such as
in UsS-A-4,881,050. (The density, of course, also depends
on the thickness used). Chemical vapour'depOSition (CVD)

-

can be used to deposit layer 48 on substrate 50. Capacitor
C4 is formed between plates 42 and 46. Capacitor Cé6 is



be gold deposited, such as by sputtering. Dielectric layer 48 preferably
conprises silicon nitride, as opposed to the polyam de of |ayer 18 (Figure
1B-1C). The silicon nitride layer typically has a density of capacitance:
of 0.1 picofarad (pF) per square m | (15.4nF/[err]), versus 0.005 pF per
square m|l (7.7pF/[err]) for the polyam de | ayer, such as in '

US- A- 4, 881, 050. (The density, of course, also depends on the thickness
used)., Chenical vapour deposition (CVD) can be used to deposit |ayer 48 on
substfate 50. Capacitor C4 is forned between plates 42 and 46. Capacitor
C6is - 5 forned between pl ate 46 and groundpl ane 52. Capacitor C5 is
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Figureé 3A-3B illustrate a 2-6 GHz bandpass filter

60 according to an embodiment of 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 inductor 70
interconnects the networks 61 and 62. Network 62 includes

a combination of three capacitors 72, 74 and 76 with the

W, capacitor 76 extending between the groundplane and the

| junction of 'capacitors 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

junction of capacitors 80 and 82. Network %1 includes a

* combination of series capacitors 64 and 66, and are 6.5 pF,
which is much larger electrically than capacitor 68 at 751



I nterconnects the networks 61 and 62. Network 62 includes _a conbination of

three capacitors 72, 74 and 76 with the capacitor

groundpl an

t he ground

76 extendi ng between the

e and the junction of capacitors 72 and 74. An inductor
78 interconnects the networks 62 and 63. Network 63 includes a conbination
of three capacitors 80, 82 and 84 with the capacitor 84 extendi ng between

pl ane and the junction of capacitors 80 and 82. Network 61

i ncl udes a conbi nation of series capacitors 64 and 66, and are 6.5 pF,

which is nmuch larger electrically than capacitor 68 at 751
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t he above exenpl ary val ues. the inductors, e.g.,

REERF) 861 have nore than one turn But since these inductors are

i mpl enented in a flat two-dinensional surface, wire bonds, or

ges are n ed
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each capac1tor are adjusted to result 1n the above
exemplary values. All the inductors, e.g., inductors 70

and 78, have more than one turn. ‘But since these inductors .

are primarily implemented in ‘a flat two-dimensional
surface, Wireibonds; or metal bridges are needed to connect
the two halves of the inductor. The advantage of using via
holes and connecting them with a metallization is that the
whole device can be fabricated using thin-film technlques
and additional assembly labour 1s eliminated.

In Figure 3A, capacitor 86 is implemented by a
structure 94 in Figure 3B. Capacitors 64, 66 and 68 are
implemented by a structure 96 in Figure 3B. Capacitors 72,
74 and 76 are implemented by a structure 98 in Fiéure 3B.
Capacitors 80, 82 and 84 are'implemehtéd by a structure
100. Capacitor 92 is implemented by a structure 102.

A method of fabricating the above thin-film
microwave filter comprises depositing'a groundplane and
first metal plate on an alumina substrate,“depbsiting a
silicon nitride dielectric léyer on the metal first plate,
and depositing second and third metal plates on: the
dielectric layer such that a T-network of capacitors is
formed by the first through third metal plates. The
majority of the inductor metallization is in the same layer

o
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I npl emented by a,structure 96 in Figure 3B. Capacitors 72, 74 and 76 are

| npl emented by a structure 98 in Figure 3B. Capacitors 80, 82 and 84 are

i npl emented by a structure 100. Capacitor 92 is inplenented by a structure
102. A nethod of fabricating the above thin-filmmcrowave filter conprises
depositing a groundpl ane and first netal plate on an alum na substrate,
depositing a silicon nitride dielectric layer on the netal first plate, and
-depogi;ting second and third nmetal plates on the dielectric |ayer such
that 'a T-network of capacitors is forned by the first through third netal

pl at es. The majority of the inductor netallization is in the same | ayer
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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
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.

Reference is directed to our co-pending Divisional
Patent Application No. 9308712.0 which has the same
description as the present Application and which claims a
method of fabricating a thin-film microwave filter,
cohprising the steps of: depositing a groundplane on a
first side of an alumina substrate; depositing a first
metal layer on a second side of the alumina substrate
opposite to said groundplane and forming the first metal
layer into a first metal plate; depositing a silicon
nitride dielectric layer over the first metal plate;



havi ng read the above discl osure. Accordingly, it is intended that the

appended clains be interpreted as covering all alterations and

nodi fications as fall within the scope of the invention. Reference-is

directed to our co-pending Divisional Patent Application No. 9308712.0

whi ch has the sane description as the present Application and which clains.

a method of fabricating a thin-filmmcrowave filter, conprising the steps

of : depositing a groundplane on a first side of an al uni na substrat e; ‘!

depositing a first netal layer on a secofid side of the alunina substrate -

opposite to said groundplane and formng the first netal layer into a first
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capacitor is' formed by said groundplane, said alumina

substrate and said first metal plate, said first second and
third capacitors forming a T-netw__ork of capacitors and U
forming inductors in the second metal layer that are
electrically connected to said T-network of capacitors.



- T- net wor ks of

1. A thin-film mcrowave filter conprising: 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 nmetal plates on said second side of
plurality of T-networks of capacitors each fornmed by a smﬁm Em“mml'lmﬂ
netal plate that are each deposited on the dielectric |ayer andteath
dlSﬂ9§ed entirely within an area defined Qy proj ecting the boundaries of a
respective one of said first netal plates 'normal to the groundpl ane so that
said first nEtIsAINS ate i ntervenes between each of said second and third
nmetal plates and said groundplane and a plurality of inductors forned
primarily on the dielectric and each connected to and between
respective orles of the Tthét Jgnof nigxasiaver s fhlkgscadeomprising:A a
filter accodlifierdfe $hdillaihg 4hGFBLA &aﬁes%taatﬁbﬂmﬁsiaésaﬁa a
§ eryl

mat erial ‘sel ected fromthe group conSj sting of.- alt um na I um oxI de,
al uni ni um ni RYWREALYeAr 0f LAFstamafiak phates onpx seeendcEddei Adato I8 ai m

1 or 2, wher igpddierdli be@dlilc Ay seaar-l U IecORi P ia?ée dbverlng
filter accord| ng to(;]ta%%%one of . C aj nB to 3, whereln the pluralit
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of said substdepasited isnopphsitéieledfiric layer and each disposed
entirely within an area defined by projecting the

- boundaries of a respective one of said first metal plates
normal to the grbundplane so that said first metal plate
intervenes between each of said second and third metal
plates and said groundplane; and a plurality of inductors
formed primarily on the dielectric layer and each connected
to and between respective ones of the T-networks of

capacitors in cascade.

2. A filter according to Claim 1, wherein the
substrate comprises a material selected from the group
-consisting of alumina, beryllium oxide, aluminium nitride,
gquartz and sapphire.

3. A filter according to Claim 1 or 2, wherein the
dielectric layer comprises silicon nitride.

4. A filter acéording to any one of Claims 1 to 3,
wherein the'plurality of T-networks of capacifors is such
that the filter has a percentage bandwidth that exceeds
thirty percent.

5. A method of fabricating a thin-film microwave
filter, comprising 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 formng a p[ural%ry‘UT‘TTFETfFEFET—BIates;
depositing a dielectric layer over said p] ' ' ] ‘“ net al pl ates;
form ng each of a plurality of T- netmrKM\mggIW“mm y depositing a
second nmetal |ayer over said dielectric |dyercand frorrfind second and third
metal plates that are each entirely within an area defined by. projecting
the boundaries of a respective first netal plate normal to the groundpl ang,
and formng inductors in said second netal |ayer that are each respectivgkg

electrically connected to ones of said T-networks of capacitors. 6.
met hod according to Caim5, wherein said first netal |ayer forns both the

first metal gy afafneipdt akidB0ane FH1GPHECE ;ﬁfﬁramit&yeb%ctf"if@é INetal
conpl ete indiyvidual turns,of said inductors. 7. A nethod' accord?ng
to Caim Platess deresheingofpHALeFEHHE stayebiovernFaddinlurabity
bet ween sai & ifftstntletatond sty femRifigt Batheds i £apliiradiRyeler Spld
i nductors su%%ith tfq%%tl-turn t¥ge§'of sai d, inductors are forned entirely
Wi th thin-f MEFORK o cCaPRCItors. Ry SSRRF Lilg dngecendnipedind daveni ns
5to g, whe iosier sgaﬂdsfutistram:ic: _mayai:\tljqua'nw fdbﬁ-ﬁ.hgf([j esel&nd anldAﬂlﬁfwd
according t n e .0 ais 5 to Lein sai lelectric layer is a
silicon ni t%eg:gﬁd%;%%%ﬁ %,h-?%y%?? ﬁ%gh engi\re?m WiEhin, ap @lr&ﬁa\ﬂgflfrﬁq er
subst anti al by mojeceingethee inguidbes wEh o efespeceive fidsts rdtam in
Figures 2A Bate néindt to2Bfle*groundplane; and forming inductors in
said second metal layer that are each respectively
electrically connected to ones of said T-networks of
cépacitors. ' o '

6. - A method according to Claim 5, wherein said-fifst
metal layer forms both the first metal plate and metal
underpass connections that electrically complete individual
turns of said inductors.

7. A method according to Claim 5 or 6, further
comprising the step of fbrming via holes between said first
and second metal layers to electrically complete said
inductors such that multi-turn types of said inductors are
formed entirely with thin-film techniques.

8. A method according to any one of Claims 5 to 7,
wherein said substrate is an alumina substrate.

9. A method according to any one of Claims 5 to 8,
wherein .said dielectric layer is a silicon nitride
dielectric layer. ' -

10. A thin-film microwave filter substantially- as
hereinbefore described with reference to and as shown in
Figures 2A, B, C, 3A, B, C and 4. . '



