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MICROWAVE AND MILLIMETER WAVE
STRIPLINE FILTER AND PROCESS FOR
FABRICATING SAME

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

The most commonly practiced technology for fabricating,
multi-layer substrates uses co-fired tape cast ceramics. The
co-fired ceramic structure 1s a monolithic ceramic substrate
after 1t has been completely fired. However, the manufacture
of mulfi-layer substrates using cast ceramic, or “green tape”,
introduces 1ts own problems. This technology possesses a
number of disadvantages due to potential variation in the
alignment of conductive patterns, vias and cavities which
limit interconnect density. These problems are created by the
differential shrinkage within and between the individual
layers of the ceramic material from which the multi-layer
substrate 1s formed. Also, the surface roughness of the tape
cast ceramics limit electrical performance. Further, since
tape cast or green sheet ceramics can contain between 8%
and 40% binders, the purity levels of the processed ceramics
arc not tightly controlled, leading to a compromise 1n
clectrical performance. At higher frequency applications,
clectrical response can become quite sensitive to material
variations, resulting 1n the limitation of the electrical per-
formance of co-fired ceramics to lower frequencies within
the millimeter wave and microwave ranges.

A process has been developed for fabricating millimeter
wave and microwave packages and interconnect structures
in which a multi-layer structure of fully-fired (or hardened)
ceramics with conductive patterns 1s formed by attaching
separate substrate layers together with seal glass which has
a coefficient of thermal expansion (CTE) which is matched
as closely as possible to the CTE of the substrates. The
pre-fired ceramics are fully hardened prior to processing so
that no shrinkage occurs as binders are burned off, as would
occur 1n green sheet processing. In contrast, as green tape
ceramics are fired (hardened), shrinkage occurs as the mate-
rial 1s sintered and as binders are burned off. This 1s an
undesirable phenomenon with respect to routing RF cir-
cuitry since the metallization pattern will also shrink and
shift, affecting the electrical response of the circuit. With the
fully-fired ceramics, no compensation 1s required to allow
for shrinkage of conductive features, so that tighter control
of dimensions 1s available, and higher density features can
be 1ncorporated. The fully-fired ceramic material, including,
but not limited to, alumina, aluminum nitride, berrylia, and
quartz, 1s selected to conform with the intended operation
parameters of the package or component to be fabricated.

Special considerations arise when fabricating filters for
microwave and millimeter wave applications for satellite
and mobile communication systems. While small size and
mass are desirable, stability of electrical response 1s a
significant concern for narrowband or highly specialized
performance requirements. Stability of the center frequency
of a bandpass filter can vary with temperature. Such drift can
be particularly detrimental for switch filter networks which
are used 1n systems that provide a high degree of channel
flexibility 1n order to precisely divide the spectrum. In
conventional approaches, the frequency drift problem due to
temperature fluctuation is overcome by using Invar® (Inke)
waveguides, which are expensive. Although the use of
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waveguides 1s unavoidable 1n high power satellite
applications, the proposed filter can be useful in low power
applications such as receiver front ends. Furthermore, 1n the
lower microwave region, filters use lumped elements which
are also expensive and not suitable for low cost mass
production. Lumped eclement {ilters are very lossy when
compared to distributed resonator filters.

In conventional fabrication technology, filters are manu-
factured using high dielectric constant ceramic-based
coaxial resonators. The designs are based on empirical
techniques and each filter 1s individually fabricated and must
be tuned after production. The advantages of using a strip-
line approach are as follows:

1) Fully-fired ceramic technology applied to a stripline
approach yields filters which should not require any
post-production tuning;

2) Because a stripline is a printed transmission line, a
large number of filters can be simultaneously printed on
a single ceramic board. Consequently, a great reduction
in production cost could be achieved;

3) Fully-fired ceramic technology applied to stripline

processing and grounding techniques will give rise to a
completely shielded and robust ceramic block filter

capable of withstanding high levels of vibration and
g-forces.

SUMMARY OF THE INVENTION

It 1s an advantage of the invention to provide a process for
fabricating a stripline filter for microwave and millimeter
wave applications which utilizes hardened, high dielectric
constant ceramic substrates combined with stripline tech-
nology to create a small, lightweight package.

It 1s another advantage of the present invention to provide
a process for mass producing a stripline filter with tight
tolerances and repeatable performance.

It 1s a further advantage of the present invention to
provide a process for fabricating a stripline filter which
climinates the need for compensation for dimensional insta-
bility of the ceramic substrate.

In an exemplary embodiment, the process for fabricating
a stripline filter uses two pre-fired ceramic substrates. The
substrates may be lapped for flatness and parallelism
between the top and the bottom, and to modify the surface
texture to provide better electrical performance at high
frequency where such performance 1s required. A conductive
paste 1s applied to the top of each substrate using thick film
techniques as are known 1n the industry. Multiple screening
steps are required to obtain the desired conductor thickness.
On the top of the lower layer, the conductive paste 1s
patterned with the filter structure using photolithographic
and chemical etch techniques which are known 1n thick and
thin film processing. The conductive paste 1s also screen
printed onto the bottom side of the lower layer and the sides
of the lower layer are painted with the same conductive
paste. A seal glass 1s screen printed on top of the patterned
conductor and 1s dried and glazed to burn off organic binder
and to cause the material to bond together. On the upper
layer, the conductive paste 1s unpatterned. Seal glass 1is
printed onto the bottom of the upper layer, dried and glazed.
The upper and lower layers are clamped together after
aligning their edges and are fired to seal the two layers
together. Groundplane connection between the upper and
lower layers 1s provided by painting the sides of the assem-
bly with conductive paste. The entire assembly 1s again fired
to burn off the binder and to harden the conductor. If desired,
the lower layer substrate can be laser machined to provide
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launch areas for wire bond attachment. This machining will
be done before lapping.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be better understood from the
following detailed description of a preferred embodiment,
taken 1n conjunction with the accompanying drawings, in
which like reference numerals refer to like parts, and in
which:

FIGS. 1a—1; 1s a flow diagram 1llustrating the sequence of
steps 1n a process for fabricating a millimeter wave or
microwave stripline filter;

FIG. 2 1s a perspective view of an assembled microwave
filter with optional launch areas;

FIG. 3 1s a diagrammatic view one a first possible filter
conilguration;

FIGS. 4a and 4b are manufacturer’s plots of temperature
proiile for seal glass; and

FIG. 5 1s a manufacturer’s plot of firing profile for gold
paste used 1n the preferred embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)

The following description 1s for an “L”-band bandpass
filter. Various process parameters may change for other types
of filters, but the general process may be applied to a wide
variety of stripline filters.

As 1llustrated i FIGS. la-1j, the process comprises
selection of the substrate 2 which 1s pre-fired, and thus 1s
already hardened. The substrate 1s high purity alumina
(Al,O3) (99.6%), which i1s selected for its high dielectric
constant and for 1ts capability of attaining a smooth, uniform
surface finish. Other ceramics which may be used are fused
silica (S510,), 96% aluminum oxide, aluminum nitride (AIN)
or titanate.

Hardened, fully fired (pre-fired) ceramics are commer-
cially available from ceramic vendors. Since the ceramics
are already fired, the purity of the ceramic can be specified,
allowing tighter control over electrical performance. The
pre-fired ceramic substrate 1s typically purchased in one inch
to 4.5 mch square blanks, with the size selected according to
the product to be fabricated. For fabrication of filters shown
in FIGS. 2 and 3, 2"x2" blanks are used with a thickness of
0.050". Length and width of the blank can be adjusted to
allow variance of the trace pattern to obtain the desired
performance. If launch areas 18 (shown on FIG. 2) are to be
provided for wire bonding, the substrate 102 1s machined to
cut away parts of the blank, leaving extensions onto which
a conductor will be patterned. This machining i1s generally
performed by laser ablation using a CO., laser, which 1s the
industry standard machining technique. Other machining
techniques which may be used are ultrasonic machining or
wire cuftting, and other types of lasers may be used. Laser
slag that may build up around the machined areas 1s removed
by mechanically scrubbing the substrate.

Both the top layer substrate 2 and the bottom layer
substrate 102 are lapped and polished to modity flatness,
parallelism between the respective top surfaces 8 and 108
and the bottom surfaces 10 and 110, and surface texture.
Parallelism 1s important for filters—the distance between
conductors on the top and bottom surfaces must remain
constant across the enfire substrate. Surface finish can also
cllect electrical performance, particularly at high frequen-
cies. Generally, the surface finish from an alumina (99.6%)
substrate 1s on the order of 1 to 5 microinch after lapping and
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polishing, as compared to the finish of incoming pre-fired
alumina of 15 to 20 microinch.

The substrates 2 and 102 are cleaned ultrasonically using,
a detergent suitable for electronic applications, such as
Alconox®, which 1s a degreaser/detergent containing
sodium silicate and sodium hydroxide. The detergent may be
heated for the cleaning process (this detergent is not suitable
for use on aluminum nitrate substrates, and another deter-
gent should be selected.) The substrates 2 and 102 are then
rinsed with deilonized water and fired to burn out any
residues from the detergent.

A conductive film 112 1s formed on the top surface 108 of
the lower layer 102 using a conductive paste and thick film
screen printing techniques as are known 1n the art. Depend-
ing on the filter’s application, and the type of conductor
used, 1t may be necessary to repeat the printing sequence at
least once to attain a predetermined thickness, with each
printing step being following by a drying and firing step. The
conductive film 112 must be uniform and within a close
tolerance of the target thickness in order to provide the best
filter performance. The gold paste used in the preferred
embodiment, JMI 1206, produced by Johnson-Matthey, Inc.,
1s printed, dried and fired five times to attain a final thickness
of about 0.8 mil. For JMI 1206, the firing conditions are
selected according to the plot provided m FIG. 5. As 1s
known 1in the industry, the firing temperature, time and
conditions depend on the type of conductive material used.
The appropriate parameters are provided by the supplier of
the conductive paste.

Many different conductive pastes can be used and the
selection of such a paste will depend upon the product being
fabricated. Several different combinations of gold and glass
are available, with variations 1n the mixtures providing
varied levels hermeticity, wiring bondability, solderability,
ctchability, adhesion and processing temperatures. Other
possible conductive pastes include, but are not limited to,
platinum-gold, gold-silver, gold-germanium, gold-tin, cop-
per and silver. Selection of the appropriate paste for the
desired product properties falls within level of skill in the
art.

After the conductive film 112 1s in place on lower layer
102, a photolithographic process 1s used to define the
interdigitated structure of the filter. A possible filter configu-
ration 1s shown 1n FIG. 3. The configuration i1s selected
according to desired coupling values and operating mode
using similar criteria to those used for other types of stripline
or microstrip filters. Such criteria are known to those skilled
in {ilter technology. This step follows the process which is
known 1n thin film technology in which a photoresist (PR)
layer 1s spun onto the surface of the conductive film 112
(FIG. 1a), the PR 109 is exposed to ultraviolet light modu-
lated by a mask bearing the desired pattern, and the exposed
PR 1s rinsed away using a developer, allowing the areas to
be etched unprotected, as shown 1n FIG. 1b. In the preferred
embodiment, positive PR 1s used and the mask 1s a contact
mask made of mylar. The etch solution which 1s used for
oold conductors 1s a mixture of potassium 10dide and 1odine.
After etch, the PR 1s stripped and a clean fire step 1s
performed to burn away any chemical or organic residues.

Precise linewith control may not always be required in
lower performance applications. For economic reasons, the
photolithographic steps may then be omitted, so that the
patterning of the conductor 1s provided entirely by screen
printing techniques.

Conductive paste 1s screen printed onto the bottom of
lower layer 102, using the same material as was used for the
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frace pattern, to form conductive film 113. One sequence of
print/dry/fire 1s performed to create film 113.1 after which a
second coating of conductive paste 113.2, 1llustrated in FIG.
1c, 1s screen printed onto the bottom and dried. Without
firing the conductive paste, the sides 114 are then coated
with a conductive film 116.1 using the same conductive
paste by painting the paste onto the sides, shown 1n FIG. 1d,
and drying 1t. As can be seen 1n FIG. 2, the areas immedi-
ately surrounding the input/output ports 118 are left uncov-
ered. Another layer 113.3 of conductive paste 1s printed onto
the bottom and dried, and the sides are again painted with the
conductive paste 116.2, shown 1n FIG. 1e¢. The last appli-
cation of conductive paste dried and the assembly 1s fired to
form films 113 and 116. The final thickness of the conductor

on the bottom 1s about 0.5 mul.

Seal glass 14 1s screen printed onto the top surface 108
and the now-patterned conductive film 112, illustrated 1n

FIG. 1f. Multiple printings of seal glass are performed in
order to obtain the desired final thickness of 0.0045". The

sequence followed 1s print/dry/print/dry/glaze. A solid layer
of seal glass 1s then formed over the entire top surface 108.

It should be noted that conductor and seal glass thick-
nesses are dependent upon the frequency of operation for

which the filter 1s being fabricated. Thus, the thicknesses
will vary.

The glazing temperature 1s selected to be high enough that
volatile materials (organics) within the glass are burned off,
but not so high that the conductor will melt or flow. The
temperature depends on the type of material used and the
appropriate temperature ranges are provided by the glass
manufacturer.

The selection of the seal glass 1s dominated by the
substrate on which the filter 1s to be fabricated. An important
feature of the pre-fired ceramic process 1s that the seal glass
is selected to have a coefficient of thermal expansion (CTE)
and dielectric constant which match as closing as possible
the CTE and dielectric constant of the ceramic of which the
substrates 2 and 102 are formed. The matching of the CTEs
alleviates thermal stress between adjacent layers of a multi-
layer structure. For 99.6% alumina, the CTE is 8.0x107°. In
the preferred embodiment, the seal glass 1s designated
4032-C, manufactured by Electro Science Lab (ESL). The
conditions recommended by the manufacturer for glazing
are provided 1n the temperature profiles 1llustrated 1n FIGS.
4a and 4b. FIG. 4a 1llustrates the recommended processing
conditions for drying, burnout and prefusing/sintering. FIG.
4b 1llustrates the recommended conditions for sealing, after
drying, burnout and pre-fusing/sintering.

On the upper layer 2, a conductive film 16 1s formed using
conductive paste which 1s screen printed onto the top surface
8, shown i FIG. 1g. The conductive paste 1s the same
material as used for the lower layer. This conductive film 16
1s unpatterned, creating a solid ground plane. Multiple
printing steps are required to obtain the desired thickness,
with dry and fire steps following each printing. In the
preferred embodiment, three sequences are performed.

A seal glass 20 1s screen printed onto the bottom surface
10 of the upper layer, as 1n FIG. 1h. The same scal glass 1s
used as was printed onto the top of the lower layer. Multiple
printings are performed to provide sutficient thickness, with
cach printing step being followed by a dry step and a glaze
step. In the preferred embodiment, one print/dry/glaze
sequence 1s performed.

For final assembly, the upper layer 2 1s placed on top of
the lower layer 102 and their sides are aligned, shown 1in
FIG. 11 (note that the edge conductor 116 is shown exag-
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gerated 1n relative thickness). The two layers are clamped
together using high temperature clamps and the assembly 1s
fired to bond the layers together, forming a continuous seal

olass 14+20.

The sides of the assembly are painted with a conductive
paste to form conductive film 22 which wraps around the
edges (FIG. 1j), with care being exercised to eliminate voids.
The areas of the sides surrounding the mput/output ports 118
are left uncovered, as seen 1n FIG. 2. The material used for
this step 1s different than that used for all prior steps. The

oold paste used 1n the preferred embodiment 1s designated as
8835 (520), manufactured by ESL. This material is selected

because 1ts binder can be burned off at a lower temperature
to avoid exposure of the assembly to further processing at
higher temperatures. The manufacturer’s recommended fir-
ing conditions are 15 minutes at peak temperature (500° C.).

The mventive process 1s made possible by the use of the
hardened, fully-fired starting ceramic substrate and the
matching of the coefficient of thermal expansion (CTE)
between the substrate and seal glass. The elimination of
compensation requirements and other variables encountered
in co-fired ceramic technology and the precise dimensional
control provided by the use of thick or thin film patterning

techniques, permits the fabrication of stripline filters with
excellent operational stability. The 1nventive process allows
these filters to be mass produced without requiring indi-
vidual treatment to adjust for the appropriate frequency.
Ditferent filter configurations and dimensions can be casily
implemented by changing the photolithographic mask,
allowing, for example, better narrowband capability so that
more channels can be i1solated within a given band of
frequencies, by utilizing different substrates, and by chang-
ing the selections of and thicknesses of the various pastes
which are used 1n the fabrication process. Selection of filter
patterns and appropriate materials are within the level of
skill in the art.

It will be evident that there are additional embodiments
which are not illustrated above but which are clearly within
the scope and spirit of the present invention. The above
description and drawings are therefore intended to be exem-
plary only and the scope of the invention 1s to be limited
solely by the appended claims.

I claim:

1. A process for fabricating a stripline filter using pre-fired
ceramic technology comprising the steps of:

providing a first pre-fired ceramic substrate having a
predetermined coeflicient of thermal expansion, a first
top surface, a first bottom surface and a first plurality of
sides;

printing a first conductive film onto said first top surface;

patterning said first conductive film to define a filter trace
pattern;

printing a second conductive film onto said first bottom
surface;

painting a third conductive film onto said first plurality of
sides of said first substrate;

printing a first seal glass over said first top surface and
said filter trace pattern, said first seal glass having a
substantially same coeflicient of thermal expansion as
said predetermined coeflicient of thermal expansion;

providing a second pre-fired ceramic substrate having said
predetermined coefficient of thermal expansion, a sec-
ond top surface, a second plurality of sides, and a
second bottom surface;

lapping said second substrate so that said second top
surface and said second bottom surface are uniformly
spaced across said substrate;
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printing a fourth conductive film onto said second top
surface;

printing a second seal glass onto said second bottom
surface, said second seal glass having said substantially
same coellicient of thermal expansion;

forming an assembly by disposing said second bottom
surface abutting said first top surface, aligning said first
plurality of sides with said second plurality of [side]
sides;

firing said assembly to bond said first substrate to said
second substrate by bonding said first seal glass to said
second seal glass; and

painting a fifth conductive film on said first plurality of

sides and said second plurality of sides.

2. A process for fabricating a stripline filter as 1n claim 1
further comprising the step of lapping said first substrate so
that said first top surface and said first bottom surface are
uniformly spaced across said first substrate.

3. A process for fabricating a stripline filter as 1n claim 1
further comprising the step of laser machining said first
substrate prior to printing said first conductive film.

4. A process for fabricating a stripline filter as in claim 1
further comprising selecting said first conductive paste, said
second conductive paste, said third conductive paste and
said fourth conductive paste to be the same type of paste.

5. A process for fabricating a stripline filter as in claim 1
further comprising the selecting said first seal glass and said
second seal glass to be the same type of secal glass.

6. A process for fabricating a stripline filter as 1n claim 4
wherein the steps of providing said first substrate and said
second substrate mncluding selecting 99.6% alumina.

7. A process for fabricating a stripline filter as in claim 3
wherein the step of selecting said first seal glass and said
second seal glass comprise selecting a seal glass with a
coefficient of thermal expansion of 7.2x107°.

8. A process for fabricating a stripline filter as 1n claim 1
wherein the step of patterning said first conductive film
COMprises:

spinning a photoresist onto said first conductive film;

partially covering said photoresist with a patterned mask;
exposing said photoresist to ultraviolet light;

developing said photoresist to form a photoresist mask
over predetermined portions of said first conductive

film;

etching portions of said first conductive film which are
exposed through said photoresist mask; and

removing said photoresist mask.

9. A process for fabricating a stripline {filter for use 1n
microwave and millimeter wave applications using a {first
pre-fired ceramic substrate and a second pre-fired ceramic
substrate, each having a first coeflicient of thermal
expansion, the process comprising the steps of:

[printing] forming a first conductive film [onto the] on a
top surface, a bottom surface, and at least a portion of
a plurality of sides of said first substrate;

[photolithographically] patterning said first conductive
1lm on the top surface of said first substrate to define
a filter trace pattern;

[printing a second conductive film onto the bottom sur-
face of said first substrate;

painting a third conductive film onto at least of portion of
the sides of said first substrate;]

printing a first seal glass over the top surface of said first
substrate and said filter trace pattern, said first seal glass
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having a substantially same coefficient of thermal
expansion as said first coeflicient of thermal expansion;

[printing a fourth] forming a second conductive film onto
[the] a top surface of said second substrate;

printing a second seal glass onto [the] @ bottom surface of
said second substrate, said second seal glass having
said substantially same coeflicient of thermal expan-
s101n;

[forming an assembly by] abutting the bottom surface of
said second substrate against the top of said first
substrate, aligming the plurality of sides of said first
substrate with [the] a plurality of sides of said second
substrate;

[firing said assembly to bond said first substrate to said
second substrate by] bonding said first seal glass to said
second seal glass; and

[painting a fifth] forming a third conductive film on at
least a portion of the sides of said [assembly] first and
second substrates.

10. A process for fabricating a stripline filter as 1n claim

9 further comprising the step of lapping said first substrate
so that 1ts top surface and 1its bottom surface are uniformly
spaced across said first substrate.

11. A process for fabricating a stripline filter as 1n claim
9 further comprising the step of lapping said second sub-
strate so that its top surface and its bottom surface are
uniformly spaced across said second substrate.

12. A process for fabricating a stripline filter as 1 claim
9 turther comprising the step of laser machining said first
substrate prior to printing said first conductive film to define
launch areas.

13. A process for fabricating a stripline filter as 1 claim
9 further comprising selecting said first conductive paste,
said second conductive paste, and said third conductive
paste [and said fourth conductive paste] to be the same type
of paste.

14. A process for fabricating a stripline filter as 1 claim
9 further comprising the selecting said first seal glass and
said second seal glass to be the same type of seal glass.

15. A process for fabricating a stripline filter as 1n claim
9 wherein said first substrate and said second substrate are
99.6% alumina.

16. A process for fabricating a stripline filter as 1 claim
15 wherein the step of selecting said first seal glass and said
second seal glass comprise selecting a seal glass with a
coefficient of thermal expansion of 7.2x107°.

17. A process for fabricating a stripline filter as 1 claim
9 wherein the step of patterning said first conductive film
comprises; spinning a photoresist onto said first conductive
film;

partially covering said photoresist with a patterned mask;

exposing said photoresist to ultraviolet light;

developing said photoresist to form a photoresist mask
over predetermined portions of said first conductive
film;

ctching portions of said first conductive film which are
exposed through said photoresist mask; and

removing said photoresist mask.
18. A process for fabricating a stripline filter for use in
microwave and millimeter wave applications comprising:

providing a lower substrate having a first top surface, a
first bottom surface and a first plurality of sides, each
having a first conductive film formed thereon, having a
coefficient of thermal expansion

defining filter pattern in the first conductive film on the
first top surface;
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providing an upper substrate having a second top surface
with a second conductive film formed thereon, a second
bottom surface and a second plurality of sides, having
a coefficient of thermal expansion;

applying to each of the first top surface and the second
bottom surface a material for bonding the upper and
lower substrates, the material having a substantially
same coefficient of thermal expansion as said coelft-
cient of thermal expansion of the first and second
substrates; and

forming a third conductive film substaniially covering the

first and second plurality of sides.

19. A process for fabricating a stripline filter as in claim
18 wherein the steps of providing the lower substrate and the
upper surface include selecting pre-fired ceramics.

20. A process for fabricating a stripline filter as in claim
18 wherein the step of defining a filter trace pattern com-
prises photolithographically patterning the first conductive
material on the top surface of the first substrate.

21. A process for fabricating a stripline filter as in claim
18 wherein the step of applying a material includes selecting
a material having a second dielectric constant substantially
equal to a first dielectric constant of the upper and lower
substrates.

22. A process for fabricating a stripline filter as in claim
18 further comprising lapping the lower substrate for par-
allelism between the first top surface and the first bottom
surface.

23. A process for fabricating a stripline filter as in claim
18 further comprising lapping the upper substrate for par-
allelism between the second top surface and the second
bottom surface.

24. A stripline filter for use in microwave and millimeter
wave applications comprising:
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a lower substrate having a first top surface, a first bottom
surface and a first plurality of sides, each having a first
conductive film formed thereon, the lower substrate
being fully fired and having a first coefficient of thermal
exXpansion,

a filter pattern formed in the first conductive film on the
first top surface;

a upper substrate having a second top surface, a second
bottom surface and a second plurality of sides, the
upper substrate being fully fired and having said first
coefficient of thermal expansion;

a second conductive film formed on said second top
surface;

a material for bonding the first top surface of the lower
substrate to the second bottom surface of the upper
substrate, the material having a second coefficient of
thermal expansion substaniially the same as the first
coefficient of thermal expansion; and

a third conductive film formed on the first and second
pluralities of sides of the upper and lower substrates
respectively.

25. A stripline filter as in claim 24 wherein the lower
substrate is lapped for parallelism between the first top
surface and the first bottom surface.

20. A stripline filter as in claim 24 wherein the upper
substrate is lapped for parallelism between the second top
surface and the second bottom surface.

27. A stripline filter as in claim 24 wherein the filter
paitern has an interdigitated structure.

28. A stripline filter as in claim 24 wherein the material
has a second dielectric constant substantially equal to a first
dielectric constant of the upper and lower substrates.
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