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ABSTRACT

Placing a resonator on a dielectric

layer, and placing a ground layer on
which a slot is arranged on another
dielectric layer
Alternately stacking a plurality of the
dielectric layers on which the
resonators are placed and a plurality
of the another dielectric layers on
which the ground layers are placed

laminating and co-firing all of the
stacked dielectric layers to form a
Substrate with a multi-layer structure
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BANDPASS FILTER AND METHOD OF
FABRICATING THE SAME

BACKGROUND OF THE INVENTION

0001

1. Field of Invention

0002 The present invention relates to abandpass filter in a
microwave field, and particularly to a narrow-band bandpass
filter and a method of fabricating the same.
0003 2. Description of Prior Art
0004 Miniaturised microwave narrow-band bandpass fil
ters are increasingly in demand for numerous radar frond-end
systems.

0005 Generally, narrow-band bandpass characteristics
can be achieved using hairpin structures (referring to 1
Wang. H. and Chu. Q. X. A narrow-band hairpin-comb
two-pole filter with source-load coupling, IEEE Microw:
Wirel. Compon. Lett., 2010, 20, (7), pp. 372-374), slow-wave
resonators (referring to 2 Hong. J. S. and Lancaster, M. J.:
End-coupled microstrip slow-wave resonator filter, Elec
tron. Lett., 1996, 32, (16), pp. 1494-1496), cavity resonators
(referring to 3 Chen, K. Liu, X. Chappell, W.J. and Per
oulis, D.: O-design of power amplifier and narrowband filter
using high-O evanescent-mode cavity resonator as the output
matching network, IEEE Int. Microwave Symp., Montréal,
Canada, 2011, pp. 1-4) and high-temperature superconduct
ing (HTS) technology (referring to 4 Picard, E., Madran
geas, V. Bila, S., Mage, J. C. and Marcilhac, B.: Very narrow
band HTS filters without tuning for UMTS communications,
Proc. IEEE 34th European Microwave Conf, Amsterdam,
Netherlands, 2004, pp. 1113-1116). Cascaded end-coupled
half-wavelength resonators structured filters using low tem
perature co-fired ceramic (LTCC) technology can achieve
narrow-band bandpass characteristics, but they still occupy
large area due to using interdigital structure, especially at low
frequency (referring to 5 Hiraga, K., Seki, T., Nishikawa, K.
and Uehara, K. Multi-layer coupled band-pass filter for 60
GHz LTCC system-on package, Proc. IEEE Asia-Pacific
Microwave Conf. Japan, 2010, pp. 259-261; 6 Choi, B. G.,
Stubbs, M. G and Park, C. S.: A Ka-band narrow bandpass
filter using LTCC technology, IEEE Microw. Wirel. Compon.
Lett., 2003, 13, pp. 388-389; and 7 J.-H. Lee, N. Kidera, S.
Pinel, J. Papapolymerou, J. Laskar and M. M. Tentzeris: A
highly integrated 3-D Millimeter-wave filter using LTCC sys
tem-on package technology for V-band WLAN Gigabit Wire
less Systems, IEEE Microwave Conference Proceedings
2005, APMC 2005, 2005.12.4-7, Vol. 1), all of which are
incorporated herein by reference.
0006. Some of conventional implementations using planar
cascaded half-wavelength resonators occupy large area, and
its hard to obtain expected gap space (capacitive coupling)
between adjacent conductors, due to shrinkage after co-firing
and restricted resolution of a filter manufacture process with
a limited space of 150 um between adjacent conductors,
which is too large to obtain expected capacitive coupling.
Additionally, although some of current techniques may men
tion a filter of a vertically stacked structure, e.g. the filter as
proposed in 7. Such a filter may still occupy larger space due
to its interdigital structure with its top and bottom resonators
having offsets from its middle cavity resonators. Also, such a
filter may have some difficulty in fabrication, since the filter
may need a slot-coupled cavity structure with slots each being
located at a middle position under each cavity resonator in
connection with via fences, in order to achieve a better per
formance for transmitting signals.

Jul. 30, 2015

SUMMARY OF THE INVENTION

0007 Accordingly, a main object of the present invention
is to provide a compact bandpass filter using cascaded end
coupled resonators arrayed vertically and a method of fabri
cating the same, so as to implement a size reduction and a
precise controlling end-coupling strength between two adja
cent resonators, compared with conventional planar imple
mentations.

I0008. In an aspect of the present invention, a bandpass
filter is provided. The bandpass filter comprises: a substrate
with a plurality of dielectric layers; a plurality of resonators:
and a plurality of ground layers each having one slot arranged
on, wherein the plurality of resonators are arrayed vertically
each on respective one of the plurality of dielectric layers
alternately without any of offsets, each of the plurality of
ground layers is between adjacent dielectric layers, and adja
cent slots are arranged in opposite sides of the ground layers.
0009. In another aspect of the present invention, a method
of fabricating a bandpass filter is provided. The method com
prises: placing a resonator on a dielectric layer and placing a
ground layer on which a slot is arranged on another dielectric
layer; alternately stacking a plurality of the dielectric layers
on which the resonators are placed and a plurality of the
another dielectric layers on which the ground layers are
placed; laminating and co-firing all of the stacked dielectric
layers to form a substrate with a multi-layer structure.
0010 Preferably, an input port is formed by the resonator
made of a microstrip line on a top dielectric layer; and an
output port is formed by the resonator made of a microstrip
line on a bottom dielectric layer.
10011 Preferably, the remaining resonators are made of
strip lines.

I0012 Preferably, the micro-strip line and the strip line
have same characteristic impedance.
0013 Preferably, at least one end of each resonator is at
least overlapped in part with each slot in a vertical direction of
the substrate perspectively.
(0014 Preferably, an equivalent capacitance is formed by
adjacent resonators, a corresponding slot of their intermedial
ground layer, and the adjacent dielectric layers between
which the intermedial ground layer is placed.
I0015 Preferably, the two equivalent capacitances associ
ated with the resonators on a top dielectric layer and a bottom
dielectric layer respectively are equal and larger than the
remaining equivalent capacitances which are also equal.
I0016 Preferably, respective dielectric layers of the sub
Strate are made of one of low temperature co-fired ceramic
LTCC Ferro-A6, LTCC DuPont 951, DuPont 943 and PCB.

10017 Preferably, each of the layers has a dielectric con
stant of 5.9, a loss tangent of 0.002, and a post-fired thickness
of 0.1 mm, when the layers are made of the LTCC Ferro-A6.
I0018 Preferably, each of the plurality of resonators has a
characteristic impedance of 50'C2 and an electrical length of
half-wavelength 6.57 mm at 9.39 GHz.
I0019 Preferably, each of the slots is rectangle-shaped.
0020 Preferably, an end-coupling strength between adja
cent resonators is determined by dimensions of the slot of
their intermedial ground layer.
0021 Preferably, 20N-1) dielectric layers of the substrate
has (2N-1) surfaces for alternately placing N resonators and

(N-1) ground layers each with one slot, wherein a n' reso
nator is placed on a (2n-1)" surface, and a m' ground layer
with a m" slot is placed on a (2m)" surface, where 1sms(N1), 1snsN, and N is a positive integer no less than 3.
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0022 Preferably, the bandpass filter is a narrow-band
bandpass filter.
0023 Preferably, both the resonator and the ground layer
are made of metal.

0024 Preferably, both the resonator and the ground layer
are made of gold.
0025. According to the present invention, a compact band
pass filter structure may be provided. A main advantage of
using the provided structure is for size reduction and precise
controlling the end-coupling strength between the two adja
cent resonators compared with conventional planar imple
mentations because of the shrinkage after co-firing and
restricted resolution of the filter manufacture process with a
limited space of 150 um between adjacent conductors. Fur
thermore, according to the present invention, the compact
bandpass filter of an end-coupled structure with slots is easier
to fabricate and has a high production yield, compared to the
filter structure in the prior art.
BRIEF DESCRIPTION OF THE DRAWINGS

0026. The objects, advantages and characteristics of the
present invention will be more apparent, according to descrip
tions of preferred embodiments in connection with the draw
ings, wherein:
0027 FIG. 1(a)-(b) illustratively show a schematic front
view of a bandpass filter according to an exemplary embodi
ment of the present invention as well as an equivalent circuit
diagram thereof, respectively;
0028 FIG. 2 (a)-(c)illustratively show a perspective view,
a top view and a bottom view of a schematic layout of an
exemplary LTCC filter according to an embodiment of the
present invention, respectively;
0029 FIG.3 shows an illustrative flowchart of a method of
fabricating an exemplary LTCC filter according to an
embodiment of the present invention; and
0030 FIG. 4 illustratively shows a diagram of simulated
V. S. measured S-parameters of an exemplary LTCC filter
according to an embodiment of the present invention.
0031. It should be noted that various parts in the drawings
are not drawn to scale, but only for an illustrative purpose, and
thus should not be understood as any limitations and con
straints on the scope of the present invention.
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tors may be arrayed vertically on respective one of the plu
rality of dielectric layers alternately. Preferably, each of the
plurality of resonators may be arrayed vertically without any
ofoffsets. Respective ground layers each with one slot may be
between adjacent dielectric layers. Adjacent slots may be
arranged in opposite sides of the ground layers. Thus, in the
present invention, cascaded end-coupled resonators may be
formed. Generally, the resonator and the ground layer in the
present invention may be made of metal. Such as gold, silver,
etc.

0034. Hereinafter, the exemplary bandpass filter structure
according to the present invention may be described in detail
with reference to FIGS. 1(a)-(b) and 2 (a)-(c).
0035 FIG. 1(a)-(b) illustratively show a schematic front
view of a bandpass filter 100 according to an exemplary
embodiment of the present invention as well as an equivalent
circuit diagram thereof, respectively. And FIGS. 2(a)-(c)
illustratively show a perspective view, a top view and a bot
tom view of a schematic layout of the bandpass filter 100 as
shown in FIG. 1(a), respectively.
0036. In the example as shown in FIG. 1(a), the bandpass

filter 100 may consist offive resonators made of gold. 1,2",
3",4" and 5' resonators may be vertically arrayed on 1,3",
5'', 7 and 9” surfaces of eight LTCC layers without any of
offsets, respectively. Ground layers may be placedon2",4",
6" and 8" surfaces of the eight LTCC layers. The ground

layers may be made of e.g. gold for isolating broadside cou
pling effect between adjacent resonators, wherein each of the
ground layers may have a slot. An input port may be formed

by the 1 resonator on the 1 surface (i.e., a top LTCC layer).

An output port may be formed by the 5' resonator on the 9"

surface (i.e., a bottom LTCC layer).
0037 Obviously, the numbers of the resonators, of the
ground layers with the slots, and of the LTCC layers may be
associated with each other. That is, 20N-1) LTCC layers of
the substrate may have (2N-1) surfaces for alternately plac
ing N resonators and (N-1) ground layers with slots. In par

ticular, the n' resonator may be placed on the (2n-1)" sur
face, and them" ground layer with them" slot may be placed
on the (2m)" surface, where 1sms(N-1), 1snsN, and N is a

0032 Hereinafter, the present invention will be further
described in detail by referring to the drawings and exemplary
embodiments in order to make the objects, technical scheme
and advantages of the present invention more apparent. In the
description, details and functions which are unnecessary to
the present invention are omitted for clarity. In the exemplary
embodiments, dielectric layers consisting of a Substrate for
fabricating a bandpass filter may be made of LTCC Ferro-A6
material as an example. However, it should be appreciated
that the exemplary embodiments are only used for illustration
but not for any limitation. Other dielectric materials may also
be used for the bandpass filter of the present invention, such as

positive integer lager than 1.
0038. Thus, it should be appreciated that any number of
the resonators may be possible. The number of the resonators
may depend on a design demand of the bandpass filter 100.
The narrower the band of the bandpass filter 100 is required,
the larger the number of the resonators is. In practice, the
number of the resonators (i.e., N) may be no less than 3.
0039. As shown in the perspective view of FIG. 2(a), adja
cent slots may be arranged in opposite sides of the ground
layers. It may also be seen from the top view of FIG. 2(b) and
the bottom view of FIG. 2(c) that at least one end of each
resonator may be at least overlapped in part with each slot in
a vertical direction of the substrate perspectively. Although
FIG. 2(a)-(c) illustratively show rectangle-shaped slots, it
should be appreciated that the rectangle-shaped slot is only
illustrated here for its simple dimensional parameters, and
other shapes of the slot, such as a circular slot, an elliptic slot,
may also be possible, which are easily contemplated by the

LTCC DuPont 951, DuPont 943 and PCB etc.

skilled in the art.

0033 According to the exemplary embodiment of the
present invention, a compact bandpass filter structure may
comprise a Substrate with a plurality of dielectric layers, a
plurality of resonators, and a plurality of ground layers each
having one slot arranged on. Each of the plurality of resona

0040 Turning back to FIG. 1(b), FIG. 1(b) shows the
equivalent circuit diagram of the bandpass filter 100 in FIG.
1(a). An equivalent capacitance may be formed by the adja
cent resonators, the corresponding slot of their intermedial
ground layer, and the adjacent dielectric layers between

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS
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which the intermedial ground layer is placed. For example, as
shown in FIG. 1(b), the equivalent capacitance C12 may be

formed by the 1 and 2" resonators, the 1slot and the 1 and
2" LTCC layers; the equivalent capacitance C23 may be
formed by the 2" and 3" resonators, the 2" slot and the 3"
and 4" LTCC layers; and so on.

0041. Thus, the equivalent capacitance may be affected by
various factors related to the adjacent resonators, the slot and
the adjacent LTCC layers which may constitute the equivalent
capacitance. For example, characteristic impedance, an elec
trical length of the resonator, dimensions of the slot (e.g. “a”,
“b”, “c”, “d” and “1” in FIGS. 2(b) and (c)), a relative position
between the resonator and the slot (e.g. “a” and “b' in FIGS.
2(b), and 'c' and “d in FIGS. 2(c)), and dielectric constant of
the LTCC layer, etc.
0042. In the present embodiment, each LTCC layer has a
post-fired thickness of 0.1 mm in Ferro-A6 material with a
dielectric constant of 5.9 and loss tangent of 0.002. However,
it may be appreciated that different materials may have dif
ferent property parameters. The characteristic impedance of
each resonator is 50'S2, and the electrical length of each reso
nator is half-wavelength (6.57 mm) at 9.39 GHz.
0043. As an example, let respective dimensions of respec
tive slots ad=0.8 mm, and b-c=0.4 mm. Table 1 lists the

equivalent capacitances of the bandpass filter 100 in this
situation.
TABLE 1.

Equivalent
capacitance

Unit (fF)

C12

C23

C34

C45

46

8

8

46

0044 As shown in Table 1, (C12=C45)>(C23=C34). That

is because the 1 and 5” resonators are microstriplines on top
and bottom layers, respectively, and the 2", 3" and 4" reso
nators are striplines on the 2",3" and 4" layers, respectively.

As well-known by the skilled in the art, the microstrip line
may be placed between air and dielectric, and the strip line
may be placed between two dielectrics. Each of the resonators
has a length of half-wavelength and characteristic impedance
of 5092. As well-known by the skilled in the art, the half
wavelength and the characteristic impedance of the resonator
may depend on properties of the resonator. Especially, the
half-wavelength of the resonator may be mainly dependent on
a length of the resonator, and the characteristic impedance of
the resonator may be mainly dependent on the width of the

resonator. Due to the 1 and 5' resonators are microstriplines
and the 2", 3" and 4" resonators are strip lines, the lengths

and widths of the half-wavelength resonators may be slightly
different for the resonators made of the microstrip lines and
the resonator made of the strip lines. However, such a minor
difference in both the length and the width may be ignored.
Thus, as shown in FIG. 1(a), the lengths and the widths of the
five resonators are substantially the same.
0045 End-coupling strength between the adjacent resona
tors may be associated with the equivalent capacitance of the
adjacent resonators, and may be controlled by the dimensions
of the rectangle-shaped slot of the intermediate ground layer.
0046. Thus, both the end-coupling strength and the
equivalent capacitance may be determined by dimensions of
the rectangle-shaped slot of the intermedial ground layer
between the LTCC layers on which the adjacent resonators

are placed. The larger the dimensions of the rectangle-shaped
slot are, the larger the end-coupling strength and the equiva
lent capacitance are.
0047 According to the exemplary embodiment of the
present invention as shown in FIG. 1(a), the LTCC bandpass
filter using five cascaded end-coupled resonators arrayed ver
tically without any of offsets based on the Ferro-A6 substrate
may provide a compact narrow-band bandpass filter struc
ture. A 3 dB fractional bandwidth of 3% and a size reduction

of 80% may be achieved. Additionally, the LTCC bandpass
filter described in the exemplary embodiment of the present
invention is easier to fabricate and has a high production yield
compared to the current filter structure.
0048 FIG.3 shows an illustrative flowchart of a method of
fabricating an exemplary LTCC filter according to an
embodiment of the present invention. It should be noted that
fabricating steps which are not essential to the present inven
tion are omitted for clarity.
0049. In step S301, a resonator may be placed on a dielec
tric layer, and a ground layer on which a slot is arranged may
be placed on another dielectric layer.
0050. In step S303, a plurality of the dielectric layers on
which the resonators are placed and a plurality of the another
dielectric layers on which the ground layers are placed may be
alternately stacked.
0051. In step S305, all of the stacked dielectric layers may
be laminated and co-fired to form a substrate encapsulation
with a multi-layer structure.
0052. In the substrate encapsulation, the resonators may
be arrayed vertically without any of offsets, adjacent slots
may be arranged in opposite sides of the ground layers, and at
least one end of each resonator may be at least overlapped in
part with each slot in a vertical direction of the substrate
perspectively.
0053 FIG. 4 shows a diagram of simulated V.S. measured
S-parameters of the bandpass filter 100 according to the
exemplary embodiment of the present invention as shown in
FIG. 1 (a).
0054 As shown in FIG. 4, the simulated S-parameters S
and S of the bandpass filter 100 are better than -15 and -2
dB in the passband with a 3 dB fractional bandwidth of 3% at
center frequency of 9.39 GHz, respectively. Measured results
agree well with the simulated ones.
0055. Therefore, the compact bandpass filter structure as
provided in the present invention may achieve the advantage
of size reduction and precise controlling the end-coupling
strength between the two adjacent resonators compared with
conventional planar implementations because of the shrink
age after co-firing and restricted resolution of a filter manu
facture process with a limited space of 150 um between
adjacent conductors. Furthermore, according to the present
invention, the compact bandpass filter of an end-coupled
structure with slots is easier to fabricate and has a high pro
duction yield, compared to the filter structure in the prior art.
0056. The above is only the preferred embodiments of the
present invention and the present invention is not limited to
the above embodiments. Therefore, any modifications, sub
stitutions and improvements to the present invention are pos
sible without departing from the spirit and scope of the
present invention.
1: A bandpass filter, comprising:
a substrate with a plurality of dielectric layers;
a plurality of resonators; and
a plurality of ground layers each having one slot arranged
On;

wherein the plurality of resonators are arrayed vertically
each on respective one of the plurality of dielectric lay
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ers alternately without any of offsets, each of the plural
ity of ground layers is between adjacent dielectric layers,
and adjacent slots are arranged in opposite sides of the
ground layers.
2: The bandpass filter according to claim 1, wherein:
an input port is formed by the resonator made of a micros
trip line on a top dielectric layer, and
an output port is formed by the resonator made of a micros
trip line on a bottom dielectric layer.
3: The bandpass filter according to claim 2, wherein the
remaining resonators are made of strip lines.
4: The bandpass filter according to claim 3, wherein the
micro-strip line and the strip line have a same characteristic
impedance.
5: The bandpass filter according to claim3, wherein at least
one end of each resonator is at least overlapped in part with
each slot in a vertical direction of the substrate perspectively.
6: The bandpass filter according to claim 1, wherein an
equivalent capacitance is formed by adjacent resonators, a
corresponding slot of their intermedial ground layer, and the
adjacent dielectric layers between which the intermedial
ground layer is placed.
7: The bandpass filter according to claim 6, wherein the two
equivalent capacitances associated with the resonators on a
top dielectric layer and a bottom dielectric layer respectively
are equal and larger than the remaining equivalent capaci
tances which are also equal.
8: The bandpass filter according to claim 1, wherein
respective dielectric layers of the substrate are made of one of
low temperature co-fired ceramic LTCC Ferro-A6, LTCC
DuPont 951, DuPont 943 and PCB.

9: The bandpass filteraccording to claim8, wherein each of
the layers has a dielectric constant of 5.9, a loss tangent of
0.002, and a post-fired thickness of 0.1 mm, when the layers
are made of the LTCC Ferro-A6.

10: The bandpass filter according to claim 9, wherein each
of the plurality of resonators has a characteristic impedance
of 50'S2 and an electrical length of half-wavelength 6.57 mm
at 939 GHZ.

11: The bandpass filter according to claim 1, wherein each
of the slots is rectangle-shaped.
12: The bandpass filter according to claim 1, wherein an
end-coupling strength between adjacent resonators is deter
mined by dimensions of the slot of their intermedial ground
layer.
13: The bandpass filter according to claim 1, wherein 20N
1) dielectric layers of the substrate has (2N-1) surfaces for
alternately placing N resonators and (N-1) ground layers

each with one slot, wherein a n' resonator is placed on a
(2n-1)" surface, and a m' ground layer with a m' slot is
placedona (2m)" surface, where 1sms(N-1), 1snsN, and N

is a positive integer no less than 3.
14: The bandpass filter according to claim 1, wherein the
bandpass filter is a narrow-band bandpass filter.
15: The bandpass filter according to claim 1, wherein both
the resonator and the ground layer are made of metal.
16: The bandpass filter according to claim 15, wherein both
the resonator and the ground layer are made of gold.
17: A method of fabricating a bandpass filter, comprising:
placing a resonator on a dielectric layer and placing a
ground layer on which a slot is arranged on another
dielectric layer;
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alternately stacking a plurality of the dielectric layers on
which the resonators are placed and a plurality of the
another dielectric layers on which the ground layers are
placed; and
laminating and co-firing all of the stacked dielectric layers
to form a substrate with a multi-layer structure:
wherein the resonators are arrayed vertically without any
of offsets, and adjacent slots are arranged in opposite
sides of the ground layers.
18: The method according to claim 17, wherein:
an input port is formed by the resonator made of a micros
trip line on a top dielectric layer; and
an output port is formed by the resonator made of a micros
trip line on a bottom dielectric layer.
19: The method according to claim 18 wherein the remain
ing resonators are made of strip lines.
20: The method according to claim 19, wherein the micro
strip line and the strip line have a same characteristic imped
aCC.

21: The method according to claim 19, wherein at least one
end of each resonator is at least overlapped in part with each
slot in a vertical direction of the substrate perspectively.
22: The method according to claim 17, wherein an equiva
lent capacitance is formed by adjacent resonators, a corre
sponding slot of their intermedial ground layer, and adjacent
dielectric layers between which the intermedial ground layer
is placed.
23: The method according to claim 22, wherein the two
equivalent capacitances associated with the resonators on a
top dielectric layer and a bottom dielectric layer respectively
are equal and larger than the remaining equivalent capaci
tances which are also equal.
24: The method according to claim 17, wherein respective
dielectric layers of the substrate are made of one of low
temperature co-fired ceramic LTCC Ferro-A6, LTCC DuPont
951, DuPont 943 and PCB.

25: The method according to claim 24, wherein each of the
layers has a dielectric constant of 5.9, a loss tangent of 0.002,
and a post-fired thickness of 0.1 mm, when the layers are
made of the LTCC Ferro-A6.

26: The method according to claim 25, wherein each of
resonators has a characteristic impedance of 50'S2 and an
electrical length of half-wavelength 6.57 mm at 9.39 GHz.
27: The method according to claim 17, wherein each of the
slots is rectangle-shaped.
28: The method according to claim 17, wherein an end
coupling strength between adjacent resonators is determined
by dimensions of the slot of their intermedial ground layer.
29: The method according to claim 17, wherein 20N-1)
dielectric layers of the substrate has (2N-1) surfaces for
alternately placing N resonators and (N-1) ground layers

each with one slot, wherein a n' resonator is placed on a
(2n-1)" surface, and a m' ground layer with a m' slot is
placedona (2m)" surface, where 1sms(N-1), 1snsN, and N
is a positive integer no less than 3.
30: The method according to claim 17, wherein the band
pass filter is a narrow-band bandpass filter.
31: The method according to claim 17, wherein both the
resonator and the ground layer are made of metal.
32: The method according to claim 31, wherein both the
resonator and the ground layer are made of gold.
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