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TITLE

Microwave filter

TECHNICAL FIELD

The present invention relates to a microwave filter and a printed circuit board.
BACKGROUND

Microwave filters are today often realized as microstrip filters integrated in the
layout of Printed Circuit Boards (PCB). The PCB is in the form of a layered
structure with a ground plane on one side of a dielectric substrate and the
printed circuit is in the form of microstrips on the other side of the substrate.
The PCB comprises a number of components and filters that together gives a
desired performance of the PCB. A drawback with this solution is that when
the filter characteristics have to be changed, the complete PCB layout must
be changed in order to match the filter and the PCB to avoid discontinuities.

Hence, in prior art the PCB is dependent on filter specifics.

There is thus a need for an improved PCB and microwave filter unit in a strip
line configuration allowing the PCB to be non filter specific and where a
standard PCB without special treatment consequently can be used for

different filter properties.
SUMMARY

The object of the invention is to reduce at least some of the mentioned
deficiencies with the prior art solutions and to provide an improved
microwave filter and a corresponding method where the microwave filter unit
is realized in a strip line configuration not being dependent on a ground plane
of the PCB to which the filter is mounted, allowing the PCB to be non filter
specific and where a standard PCB without special treatment can be used.
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The invention refers to a microwave filter unit according to claim 1 and a

printed circuit board according to claim 2.

In the coming multifunction radar systems with capability of beam steering
(AESA=Active Electrical Steered Antenna), the invention finds its place
specifically. In general the invention is suitable for implementation on printed

circuit boards for microwave frequencies.

The present invention has the benefit of solution comprising a printed circuit
board that can be used with different filter units with different filter
characteristics, which means that the same printed circuit board can be used
for different purposes by choosing suitable filter units. The filter units can thus
be designed operating at different frequencies and requiring exactly the same
area on the circuit board. The circuit board thus becomes non filter specific.

Additional benefits are that the invention gives a low-loss and broadband-
design of coupling RF microstrip mode up to stripline mode, and vice versa,
at RF ports, and that frequency selectivity is done at stripline level.

Yet further advantages are that in-house design using regular tools is
possible and that a low cost component easily can be mounted on a circuit

board, only requiring so called sight marks.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will below be described in connection to a number of drawings

in which:

Figure 1 schematically shows a top view of a printed circuit board and a filter
according to the invention;

Figure 2 schematically shows a side view along line A-A in figure 1;
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Figure 3a schematically shows a side view of a filter unit along line A-A in
figure 1;

Figure 3b schematically shows a cross-sectional side view of a printed circuit
board along line A-A in figure 1;

Figure 4a schematically shows a top view of a printed circuit board according

to the invention;

Figure 4b schematically shows an enlarged portion of the top view of the
printed circuit board in figure 4a;

Figure 5a schematically shows a bottom view of a filter unit according to the

invention;

Figure 5b schematically shows an enlarged portion of a bottom view of the
filter unit in figure 5a, and in which;

Figure 6 schematically teaches a general coplanar waveguide geometry with

lower ground plane (CPWG)
DETAILED DESCRIPTION

In the drawings an orthogonal system has been depicted with arrows X, Y
and Z for facilitating the description of the invention. The three directions
referred to are; a longitudinal direction X (length), a lateral direction Y (width)
and a thickness direction Z.

Common reference numbers are recurring in figures 1-5.

The printed circuit board 2 has an extension in the X-Y-plane and is layered
in the thickness direction Z. The filter unit 1 has an extension in the X-Y-
plane and is layered in the thickness direction Z.

Figure 1 schematically shows a top view of a printed circuit board and a filter

according to the invention. Figure 1 shows a stripline microwave filter unit 1
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attached galvanic to a printed circuit board 2 comprising a microstrip
structure, followed by a transition to co-planar waveguide structure with lower
ground plane, illustrated more clearly in Fig 4a and Fig 4b. The filter unit 1
comprises a layered structure comprising a first ground plane 3, a second
ground plane 4 and a dielectric first substrate 5 therebetween. The filter unit
1 also comprises a first conductor structure 6 embedded in the first substrate
5. The first conductor structure 6 has a first end portion 7 and a second end
portion 8. The first end portion 7 is connected to a bottom outside 9 of the
filter unit 1 by a first connector 10 and the second end portion 8 is connected
to the bottom outside 9 of the filter unit 1 by a second connector 11. The first
ground plane 3 is connected to the second ground plane 4 by a third
connector 12.

Figure 1 shows that the second ground plane 4 is positioned on the bottom
outside 9 of the filter unit 1 and that the second ground plane 4 has a first
notch 13 in connection to the first connector 10 revealing the first substrate 5
and that the second ground plane 4 has a second notch 14 in connection to
the second connector 11 revealing the first substrate 5. The first connector
10 is connected, via the first connector 10, to a first connector pad 15
positioned in the first notch 13 on the bottom outside 9 of the first substrate 5.
The second connector 11 is connected, via the second connector 11, to a
second connector pad 16 positioned in the second notch 14 on the bottom
outside of the first substrate 5. The third connector 12 comprises fourth
connectors 17 electromagnetic coupled to the first connector 10 and fifth
connectors 18 electromagnetic coupled to the second connector 11.

The first end portion 7, the first connector 10, the first connector pad 15, the
fourth connectors 17 and the first notch 13 are positioned in relation to each
other such that a predetermined impedance is essentially obtained for the
transmission of a signal from the first connector pad 15 to the first end portion
7.
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The second end portion 8, the second connector 11, the second connector
pad 16, the fifth connectors 18 and the second notch 14 are positioned in
relation to each other such that a predetermined impedance is essentially
obtained for the transmission of a signal from the second end portion 8 to the

second connector pad 16.

Figure 1 shows that the printed circuit board 2 comprises a third ground
plane 19, a second conductor structure 20 and a dielectric second substrate
21 therebetween. The second conductor structure 20 comprises a third end
portion 22 and a fourth end portion 23. The third end portion 22 and the
fourth end portion 23 are positioned relative each other such that the first
connector pad 15 of the filter unit 1 can be attached to the third end portion
22 and such that the second connector pad 16 can be attached to the fourth
end portion 23. The printed circuit board 2 comprises a first ground portion 24
positioned on the same side of the second substrate 21 as the second
conductor structure 20 and is connected to the third ground plane 19 by a
first ground connector 25. The first ground portion 24 comprises a third notch
26 positioned such that the third end portion 22 is positioned within the third
notch 26.

The printed circuit board 2 comprises a second ground portion 27 positioned
on the same side of the second substrate 21 as the second conductor
structure 20 and is connected to the third ground plane 19 by a second
ground connector 28. The second ground portion 27 comprises a fourth
notch 29 positioned such that the fourth end portion 23 is positioned within
the fourth notch 29.

The first ground portion 24, the third notch 26, the third end portion 22 and
the first ground connector 25 are being positioned in relation to each other
such that a predetermined impedance is essentially obtained in the third end
portion 22 for the transmission of a signal from the second conductor
structure 20 to the filter unit 1.
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The second ground portion 27, the fourth notch 29, the fourth end portion 23
and the second ground connector 28 are being positioned in relation to each
other such that a predetermined impedance is essentially obtained in the
fourth end portion 23 for the transmission of a signal from the filter unit 1 to

the second conductor structure 20.

When the filter unit 1 is attached to the printed circuit board 2, the first ground
portion 24 and the second ground portion 27 is galvanic connected to the
second ground plane 4 of the filter unit 1 and the first connector pad 15 of the
filter unit 1 is galvanic connected to the third end portion 22 and the second
connector pad 16 is galvanic connected to the fourth end portion 23. Here,
“galvanic connected” could be achieved by soldering or any other suitable

attachment means for galvanic connection.

The ground planes, the conductor structures, the connectors, connector pads
and ground portions are all made of electrically conducting materials such as

metals.

In another example, the first ground portion 24 and/or the second ground
portion 27 may comprise two or more parts being arranged in relation to each
other in such a way that a good galvanic contact is established with the
second ground plane 4 of the filter unit 1 and in such a way that the a
predetermined impedance is essentially obtained in the third end portion 22
for the transmission of a signal from the second conductor structure 20 to the
filter unit and in such a way that a predetermined impedance is essentially
obtained in the fourth end portion 23 for the transmission of a signal from the
filter unit 1 to the second conductor structure 20.

Figure 2 schematically shows a side view along line A-A in figure 1. Figure 2
shows the filter unit 1, the first and second ground portions 24, 27 and the
printed circuit board 2 separated from each other, i.e. before assembly. It
should be noted that the first and second ground portions 24, 27
advantageously is a part of the printed circuit board 2 and not separate units.
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The benefit lies in that the first and second ground portions 24, 27 can be
made during manufacturing of the printed circuit board, for example by
etching.

The first and second ground connectors 25, 28 and the third, fourth and fifth
connectors 12, 17, 18 could all be so called vias, i.e. plated holes that

provide electrical connections.

Figure 3a schematically shows that the first conductive structure comprises a
flat strip of metal which is embedded in an insulating material and
sandwiched between two parallel ground planes. The insulating material
forms the dielectric substrate. The width w8 of the strip, the thickness b of the
substrate and the relative permittivity of the substrate determine the
characteristic impedance of the strip which is a transmission line. In the filter
unit, the first conductive structure comprises a number of strips being
electromagnetically connected. The interrelationship between these parts
forms the filter characteristics. The first conductive structure does not have to
be equally spaced between the ground planes. In the general case, the
dielectric material may be of different characteristics and thickness above

and below the first conductive structure.

In one example of the invention, the manufacture of the filter unit is done by
putting together two parts, each part comprising a ground plane and a
dielectric substrate. One of the parts comprises the first conductive structure
and when the two parts are put together, the above described sandwich
structure of the filter unit is achieved. The first conductive structure can be
etched on the surface on one of the parts or may be a separate structure that
is sandwiched between the two substrates. The method described has been

proven to be fast and cheap.

In another example, both parts may each comprise a first conductive
structure which are matched to each other when the parts are put together. In
both examples, the parts can be attached to each other by attachment



WO 2011/008142 PCT/SE2009/050899

10

15

20

25

means such as glue, but may also be attached to each other by the surfaces
of the substrates bonding to each other.

The microstrip in the printed circuit board is a type of electrical transmission
line which can be fabricated using printed circuit board technology, and is
used to convey microwave-frequency signals. It comprises the second
conducting strip separated from the third ground plane by the dielectric layer
of the second substrate. Microwave components are used in radars,
antennas, couplers, filters, power dividers etc. and can be formed from a
microstrip. The microstrip comprises a pattern of metallization on the
substrate. Microstrip is thus much less expensive than traditional waveguide
technology, as well as being far lighter and more compact.

Figure 3a schematically shows a side view of a filter unit along line A-A in
figure 1. Figure 3b schematically shows a cross-sectional side view of a

printed circuit board along line A-A in figure 1.

Figure 3a is identical to the filter unit in figure 2 and figure 3b is identical to
the printed circuit board shown in figure 2 but with the first and second
ground portions 24, 27 being part of the printed circuit board 2. In addition to
the reference numbers in figure 2, figures 3a, 3b, 4b and 5b show a number
of reference numbers regarding dimensions of various parts of the filter unit
1.

Figure 4a schematically shows a top view of a printed circuit board according
to the invention. In figure 4a a support portion 30 is positioned between the
first ground portion 24 and the second ground portion 27 for support of the
filter unit 1 on the printed circuit board 2. The support portion could also be
connected to the third ground plane 19 via connectors for additional
conduction between the third ground plane 19 and the filter unit 1 via
galvanic contact with the second ground plane 4.

Figure 4b schematically shows an enlarged portion of the top view of the
printed circuit board in figure 4a.
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Figure 5a schematically shows a bottom view of a filter unit according to the

invention.

Figure 5b schematically shows an enlarged portion of a bottom view of the

filter unit in figure 5a.

The invention makes use of two well defined structures, a printed circuit

board 2 and a filter unit 1. As soon as a microwave material is selected, its

dielectric constant €~ and thickness h, dictates certain dimensions as e.g.
conductor widths and gaps. It is therefore advisable, in cases where it is
possible, to show closed form expressions for the impedance Z of a
transmission line or conductor. It must be understood that there does not
exist closed form expressions for all dimensions needed in this invention, so

numerical tools are used in such cases.

The printed circuit board 2 and the first ground portion 24 are seamless
integrated to one unit, shown in Figs. 3b, 4a and 4b. This results in a
microstrip line structure followed by a transition to a variation of a coplanar

waveguide geometry with lower ground plane, hereinafter called CPWG.

Microstrip: The microstrip line geometry is partly illustrated in Figures 4a and
4b and its cross section is illustrated in figure 3b. In general we assume a
substrate thickness of d and a strip conductor of width w4 and thickness t1

and a dielectric constant €-. Thus, the characteristic impedance can be

calculated as

Nl e forw_4<1
R B R —s

r’

Z,

Z, ={ 20 for.%421

N [W% +1.393 + 0.667 m(W% +1.444 )]
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e, +1 ¢, -1 1

€, = +
) 2 f1+12d/w4

(2)

The effective dielectric constant **<" can be interpreted as the dielectric
constant of a homogeneous medium that replaces the air above the
conductor of width w4.

CPWG:

After the microstrip line there is a transition to a structure with a geometry
that is a variation of a CPWG. In the invention there is a galvanic connection
from the first ground portion 24 and the second ground portion 27 to the third
ground plane 19 via the connectors 25 and 28, respectively. In the classical
CPWG structure the grounding of 24 and 27 is arranged by other means.
Above the CPWG-structure, the filter unit 1 is mounted. Such a stacked
structure does, to our best of knowledge, have not yet any closed form
expressions for the resulting geometries of conductor widths and gaps that
will give a desired characteristic impedance Z0, say close to 50 Ohm.

However, the CPWG structure have been analyzed separately as a stand

Z

. € . .
alone structure. The expressions for “° and "~ are given below, assuming

G=G1=G2, 2b=2a+G and W5=2a, dielectric constant €, and a substrate
thickness d, see Figs. 3b and 6

7 = 60m 1

"=k, K0, K(E)
k()" K@) .
K(k) K(;)

o k) k)

=R KIE)

K(k) K (k) (4)
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1

k=alb= G
I+

L2
k, = tanh(na/2d )/ tanh(nb/2d)
K =+1.0-k"
Ko=J10-k2
2a=12
2b=G+L2 (5)

and K(k) is the complete elliptic integral of the first kind.

With reference to figures 1, 2, 3a, 5a and 5b: Stripline is a planar-type of
transmission line that lends itself to microwave design. The geometry of a
stripline consists of a thin conducting strip of width w8 and thickness t4, and
is centred between two wide conducting ground planes, defining the

boundary of a dielectric substrate of thickness b with a dielectric constant €.
The expression for the characteristic impedance Z0 is

z,= s ©)

w/e, +
1-t4/b  0.0885¢,
where

0.0855¢,( 2 1 (1 1
Cr = T [1—t4/bln[l—t4/b+1] [1—:4/19 1]ln[(l—m/b)2 1]] )

Equations (6) and (7) are valid for w8/(b—14)>0.35 , with a maximum error of

1.2% at the lower limit of w8.

The first and second ground portions 24, 27 have a thickness t3 that

corresponds to the thickness t1 of the second conductor structure 20 in such
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a way that the second ground portions 24, 27 can be in galvanic contact with
the second ground plane 4 when assembled. The third and fourth end
portions 22, 23 also have a thickness that allows for the second ground plane
4 of the filter unit 1 to be attached to the ground portions 24, 27 and at the
same time for the first and second connector pads 15, 16 to be galvanic
connected to the third and fourth end portions 22, 23 respectively.

For the same reasons, the second ground plane 4 have a thickness t2 that
correspond to the thickness of the first and second connector pads 15, 16.

A numerical example of the invention will now be described with reference to
figures 4b and 5b. The example has experimentally been proven to show
good results for characteristic impedance Z0 close to 50 ohm with very low
signal losses. This example is valid for both ends of the filter unit and both
ends of corresponding portions of the printed circuit board described in

connection to figures 1-6.

Fig. 4b shows a detailed top view of the layout of the PCB 2. In figure 4b, the
first ground portion 24 is shown together with the second conductor structure
20. The plated via holes connecting the first ground portion to the third
ground plane 19 are shown by dashed circles. The second ground portion 27
is constructed in the same way as the first ground portion, and with the same

dimensions.

The length of the first ground portion 24 in the x-direction, called L1, is in our
example 3 mm. The minimum width of the first ground portion, W4, is 5 mm.
The width of the ground portion can be made greater to match the filter that is
needed. The diameter of each plated via hole is 0.3 mm. The second
conductor structure 20 is the structure that guides the signal from the PCB
into the microstrip to stripline transition. Depending on the dielectric constant
and the thickness of the substrate 21, the width of this conductor is chosen
so to create the characteristic impedance that is desired. In our example the
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thickness d of the second substrate 21 is 0.254 mm and the dielectric
constant ¢, is 3.66, which gives the width W4= 0.524 mm.

In the first ground portion is cut a notch 14. Into this notch the second
conductor structure 20 is laid out. The conductor 20 is centred in the slot
making the gaps Gi and G2 equal in size, however this is not strictly
necessary if for some purpose one would like to have an asymmetric
structure. The second conductor structure, which creates an end portion
labelled the third end portion 22, has a width W5 (in our example 0.4 mm).
This width can be chosen in a certain range depending on the size of the gap
G1 and G2 (which in our example is 0.22 mm). The width W5 and the gap size
G1=G2 are chosen as to (together with the thickness and the dielectric
constant of the second substrate 21) create a coplanar waveguide structure
with a certain specified characteristic impedance (in our example this

impedance is 50 Q).

In order to reduce unwanted coupling from the second conductor 20 to the
first ground portion 24, the corners of the first ground portion are cut at a 45°
angle (giving that the lengths Ls and Ws are equal). This angle is not
specifically important and can be chosen in a certain range if some other
angle is more convenient. The size of the cut corner Wg can be chosen in a
range of values (in our example it is 0.55 mm). The length of the transition of
the second conductor structure 20 from width W4 to width Ws should not be
too short (to reduce the impedance mismatch) and is in our example chosen
to be 0.3 mm.

As discussed above, the third end portion together with the first ground
portion creates a coplanar waveguide structure. The dimensions of this
waveguide structure are chosen in order to create a specific characteristic
impedance (in our specific example chosen to be 50 Q). Depending on the
dimensions of the width Ws of the third end portion 22 and the gap size
G1=G2 the width of the third notch 26 will have a certain value (in our

example 0.84 mm). The length of the third notch 26 should be chosen in
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conjunction with the length of the third end portion to create a smooth
transition from microstrip mode to coplanar waveguide mode for the
microwave signal. A trade-off must be made between the length L of the
microstrip to stripline transition and the performance of the transition. In our
case it is seen that a length Ly of 3 mm is sufficient to give good

performance.

The third end portion ends in a semi-circle (for convenience chosen to have a
radius Rq equal to 0.2 mm). The end of the third notch 26 also ends in a
semi-circle (for convenience chosen to have a radius Rz equal to 0.42 mm in
our example). The length of the third end portion Lz is in our example 1 mm.
The length of the third notch L7 is in our example 1.25 mm. The length of the
gap L4 between the third end portion and the first ground portion is in our
example 0.82 mm. This length can be chosen in a certain range to achieve

desired performance.

The spacing S1 between the centre line of the transition and the plated via
holes connecting the first ground portion to the third ground plane 19 should
not be too small. Otherwise this would interfere with the microstrip mode of
the second conductor structure. In our example this length has been chosen
to be 1.25 mm. The distance between the edges of the first ground portion
and the centre of the closest via holes S, and S; can be different (for
convenience it is chosen to be equal to 0.55 mm for both S, and Ss in our
example). The separation between the centres of the via holes S4 and Ss can
also be chosen to be different (in our example they are equal and of size 0.7
mm). All spacings between the via holes are of less importance and can be
chosen rather freely.

Fig. 5b shows a detailed bottom view of the second ground plane 4. Note that
it is only the part of the ground plane around the first microstrip to stripline
transition that is shown. The part of the ground plane around the second
transition is designed in the same way. A view of the whole ground plane is

shown in Fig. 5a.
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In Fig. 5b is shown the second ground plane 4, the first connector pad 15,
and the first notch 13. Shown by dashed lines are also the third connectors
12 (connecting the first ground plane 3 to the second ground plane 4), the
first connector 10 (connecting the first connector pad to the first end portion 7
of the first conductor structure 6), and the first end portion 7 of the first

conductor structure 6.

In Fig. 5b, the diameters of the third connectors are all equal to 0.3 mm. The
diameter of the first connector 10 is also 0.3 mm. The spacing between the
third connectors (S4 and Ss are the same as in Fig. 4b and is 0.7 mm). The
distances between the third connectors and the edge of the second ground
plane Sg and S; are both equal to 0.35 mm.

The length Lg and the width W7 of the transition part of the second ground
plane is 2.8 mm and 4.6 mm, respectively. The width of the first connector
pad W5 0.4 mm (as in Fig. 4b). The lengths W2, W3, G1, Gg, Ls, L3, R1, Ro, Sy,
and Ly are also the same as in Fig. 4b.

The lengths of the cut corners of the second ground plane Lg and Wy are

both equal to 0.35 mm.

The width Wg of the first end portion 7 of the first conductor structure 6 is
chosen to result in a specific impedance of the stripline transmission line.
Given that the thickness b of the first dielectric substrate 5 is in the range of
1.5 to 1.6 mm and the dielectric constant ¢, is 3.66 in our example, this gives
a width Wg of 0.8 mm for a 50 Q impedance. The radius of the end of the first
end portion is 0.4 mm.

The first ground portion 24 and the second ground portion 27 are designed to
match the second ground plane 4. The dimensions of the first and second
ground portions are however made 0.2 mm larger so that the soldering of the
filter unit 1 to the printed circuit board 2 will be open for inspection.
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With reference to figures, 1-6 it should be clear for a person skilled in the art
that not only the described examples are part of the invention, but that
additional arrangements of the first and second ground portions 24, 27 can
be contemplated as long as the predetermined impedance matching is met.
5 For example, the first and second ground portions may extend over the entire

filter unit area as long as the above described .

The invention is not limited to the embodiments and examples described

above, but may vary freely within the scope of the amended claims.
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CLAIMS

1. A stripline microwave filter unit (1) for a printed circuit board (2), the filter
unit (1) being in the form of a layered structure comprising a first ground
plane (3), a second ground plane (4) and a dielectric first substrate (5)
therebetween, the filter unit (1) also comprising a first conductor structure (6)
embedded in the first substrate (5), the first conductor structure (6) having a
first end portion (7) and a second end portion (8), the first end portion (7)
being connected to a bottom outside (9) of the filter unit (1) by a first
connector (10) and the second end portion (8) being connected to the bottom
outside (9) of the filter unit (1) by a second connector (11), the first ground
plane (3) being connected to the second ground plane (4) by a third

connector (12),

characterized in that the second ground plane is positioned on the bottom
outside (9) of the filter unit (1) and that the second ground plane (4) has a
first notch (13) in connection to the first connector (10) revealing the first
substrate (5) and that the second ground plane (4) has a second notch (14)
in connection to the second connector (11) revealing the first substrate (5),
the first connector (10) being connected, via the first connector (10), to a first
connector pad (15) positioned in the first notch (13) on the bottom outside (9)
of the first substrate (5), the second connector (11) being connected, via the
second connector (11), to a second connector pad (16) positioned in the
second notch (14) on the bottom outside of the first substrate (5), the third
connector (12) comprising fourth connectors (17) electromagnetic coupled to
the first connector (10) and fifth connectors (18) electromagnetic coupled to
the second connector (11), wherein the first end portion (7), the first
connector (10), the first connector pad (15), the fourth connectors (17) and
the first notch (13) being positioned in relation to each other such that a
predetermined impedance is essentially obtained for the transmission of a
signal from the first connector pad (15) to the first end portion (7), and

wherein the second end portion (8), the second connector (11), the second
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connector pad (16), the fifth connectors (18) and the second notch (14) being
positioned in relation to each other such that a predetermined impedance is
essentially obtained for the transmission of a signal from the second end

portion (8) to the second connector pad (16).

2. A printed circuit board (2) comprising a microstrip structure for a filter unit
(1) according to claim1, wherein the printed circuit board (2) comprises a
third ground plane (19), a second conductor structure (20) and a dielectric
second substrate (21) therebetween, the second conductor structure (20)
comprising a third end portion (22) and a fourth end portion (23), the third
end portion (22) and the fourth end portion (23) are positioned relative each
other such that the first connector pad (15) of the filter unit (1) can be
attached to the third end portion (22) and such that the second connector pad
(16) can be attached to the fourth end portion (23), characterized in that the
printed circuit board (2) comprises a first ground portion (24) positioned on
the same side of the second substrate (21) as the second conductor
structure (20) and being connected to the third ground plane (19) by a first
ground connector (25) and wherein the first ground portion (24) comprises a
third notch (26) positioned such that the third end portion (22) is positioned
within the third notch (26), wherein

the printed circuit board (2) comprises a second ground portion (27)
positioned on the same side of the second substrate (21) as the second
conductor structure (20) and being connected to the third ground plane (19)
by a second ground connector (28) and wherein the second ground portion
(27) comprises a fourth notch (29) positioned such that the fourth end portion
(23) is positioned within the fourth notch (29),

wherein the first ground portion (24) and the second ground portion (27) can

be galvanic connected to the second ground plane (4) of the filter unit (1);

and wherein the first ground portion (24), the third notch (26), the third end

portion (22) and the first ground connector (25) are being positioned in
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relation to each other such that a predetermined impedance is essentially
obtained in the third end portion (22) for the transmission of a signal from the

second conductor structure (20) to the filter unit (1),

and wherein the second ground portion (27), the fourth notch (29), the fourth
end portion (23) and the second ground connector (28) are being positioned
in relation to each other such that a predetermined impedance is essentially
obtained in the fourth end portion (23) for the transmission of a signal from

the filter unit (1) to the second conductor structure (20).
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AMENDED CLAIMS
received by the International Bureau on 9 November 2010 (09.11.2010).

1. A stripline microwave filter unit (1) for a printed circuit board (2), the filter
unit (1) being in the form of a layered structure comprising a first ground
plane (3), a second ground plane (4) and a dielectric first substrate (5)
therebetween, the filter unit (1) also comprising a first conductor structure (6)
embedded in the first substrate (5), the first conductor structure (6) having a
first end portion (7) and a second end portion (8), the first end portion (7)
being connected to a bottom outside (9) of the filter unit (1) by a first
connector (10) and the second end portion (8) being connected to the bottom
outside (9) of the filter unit (1) by a second connector (11), the first ground
plane (3) being connected to the second ground plane (4) by a third

connector (12),

characterized in that the second ground plane (4) is positioned on the bottom
outside (9) of the filter unit (1) and that the second ground plane (4) has a
first notch (13) in connection to the first connector (10) revealing the first
substrate (5) and that the second ground plane (4) has a second notch (14)
in connection to the second connector (11) revealing the first substrate (5),
the first connector (10) being connected, via the first connector (10), to a first
connector pad (15) positioned in the first notch (13) on the bottom outside (9)
of the first substrate (5), the second connector (11) being connected, via the
second connector (11), to a second connector pad (16) positioned in the
second notch (14) on the bottom outside of the first substrate (5), the third
connector (12) comprising fourth connectors (17) electromagnetic coupled to
the first connector (10) and fifth connectors (18) electromagnetic coupled to
the second connector (11), wherein the first end portion (7), the first
connector (10), the first connector pad (15), the fourth connectors (17) and
the first notch (13) being positioned in relation to each other such that a
predetermined impedance is essentially obtained for the transmission of a
signal from the first connector pad (15) to the first end portion (7), and
wherein the second end portion (8), the second connector (11), the second

AMENDED SHEET (ARTICLE 19)
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connector pad (16), the fifth connectors (18) and the second notch (14) being
positioned in relation to each other such that a predetermined impedance is
essentially obtained for the transmission of a signal from the second end

portion (8) to the second connector pad (16).

2. A filter unit (1) according to claim 1, wherein the first ground plane (3), the
second ground plane (4), the first conductor structure (6), the firsf end
portion (7), the second end portion (8), the bottom outside (9), the first
connector (10), the second end portion (8), the second connector (11), the
third connector (12), the first connector pad (15), the second connector pad.
(16), the fourth connectors (17) and the fifth connectors (18) are made of

electrically conducting materials.

3. A filter unit (1) according to claim 1 or 2, wherein the first conductor
structure (6) comprises a flat strip of metal which is embedded in the
dielectric first substrate (5) and sandwiched between the first ground plane

(3) and a second ground plane (4) being parallel to each other.

4. A filter unit (1) according to any one of claims 1-3, wherein first conductor
structure (6) comprises a number of strips being electromagnetically
connected, wherein the interrelationship between these parts forms the filter

characteristics. .

5. A filter unit (1) according to any one of claims 1-4, wherein the first
conductor structure (6) is equally spaced between the ground planes or the
dielectric first substrate (5) has different characteristics and thickness above

and below the first conductive structure.

6. A printed circuit board (2) comprising a microstrip structure for a filter unit
(1) according to claim1, wherein the printed circuit board (2) comprises a
third ground plane (19), a second conductor structure (20) and a dielectric
second substrate (21) therebetween, the second conductor structure (20)
comprising a third end portion (22) and a fourth end portion (23), the third
end portion (22) and the fourth end portion (23) are positioned relative each

AMENDED SHEET (ARTICLE 19)
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other such that the first connector pad (15) of the filter unit (1) can be
attached to the third end portion (22) and such that the second connector pad
(16) can be attached to the fourth end portion (23), characterized in that the
printed circuit board (2) comprises a first ground portion (24) positioned on
the same side of the second substrate (21) as the second conductor
structure (20) and being connected to the third ground plane (19) by a first
ground connector (25) and wherein the first ground portion (24) comprises a
third notch (26) positioned such that the third end portion (22) is positioned
within the third notch (26), wherein

the printed circuit board (2) comprises a second ground portion (27)
positioned on the same side of the second substrate (21) as the second
conductor structure (20) and being connected to the third ground plane (19)
by a second ground connector (28) and wherein the second ground portion
(27) comprises a fourth notch (29) positioned such that the fourth end portion
(23) is positioned within the fourth notch (29),

wherein the first ground portion (24) and the second ground portion (27) can

be galvanic connected to the second ground plane (4) of the filter unit (1);

and wherein the first ground portion (24), the third notch (26), the third end
portion (22) and the first ground connector (25) are being positioned in
relation to each other such that a predetermined impedance is essentially
obtained in the third end portion (22) for the transmission of a signal from the

second conductor structure (20) to the filter unit (1),

and wherein the second ground portion (27), the fourth notch (29), the fourth
end portion (23) and the second ground connector (28) are being positioned
in relation to each other such that a predetermined impedance is essentially
obtained in the fourth end portion (23) for the transmission of a signal from
the filter unit (1) to the second conductor structure (20).

7. A printed circuit board (2) according to claim 6, wherein the third ground

plane (19), the second conductor structure (20), the dielectric second

AMENDED SHEET (ARTICLE 19)
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substrate (21), the third end portion (22), the fourth end portion (23), the first
ground portion (24), the first ground connector (25), the second ground

portion and the second ground connector (28) are made of electrically

conducting materials.

8. A printed circuit board (2) according to claim 6 or 7, wherein the first and
second ground portions (24, 27) are part of the printed circuit board 2.

9. A printed circuit board (2) according to any one of claims 6-8, wherein a
support'portion (30) is positioned between the first ground portion (24) and
the second ground portion (27) for support of the filter unit (1) on the printed
circuit board 2.

10. A printed circuit board (2) according to claim 9, wherein the support
portion is connected to the third ground plane (19) via connectors for
additional conduction between the third ground plane (19) and the filter unit

(1) via galvanic contact with the second ground plane (4).

11. A device comprising a stripline microwave filter unit (1) according to any
one of claims 1-5 and a printed circuit board (2) according to any one of
claims 6-10, wherein when the filter unit (1) is attached to the printed circuit
board (2), the first ground portion (24) and the second ground portion (27) is
galvanic connected to the second ground plane (4) of the filter unit (1) and
the first connector pad (15) of the filter unit 1 is galvanic connected to the
third end portion (22) and the second connector pad (16) is galvanic

connected to the fourth end portion (23).

AMENDED SHEET (ARTICLE 19)



PCT/SE2009/050899

WO 2011/008142

1/9

L

’ 4
y% Voy =y - &~ .
Ta vy ) 7
Lo 1"
- ey - - -
RGNS ERGIRGE | Y g e
e m—————- t \ - Ad
~ -
. , RO airtas
’ _IIIIIIIII_ /lll.—l ll\.\?\r)\ll‘ -
Lo A AR ek
N | L - B
] ) ! ! N\ 7 S =
' [ G S, <o ———
"o 1o NG N k ~———
N et e
v Vo N T
¥ 1 A} A} A \Y
\ " ' ) NP SRR S 6
' ' )
[ ! V- - - - S
1o I PO D0 ~4.
1 ) 1 - S~
N Vo, | A 4 4/:/ -~
HE [ 1 AN B
] 1 RN
) 1 ] N ~
Vo [ 1 N ~
[ toa ! N S. 1
Lo Lo ) Ll ¢l
| | L "
_——— N
1 N
i N
1 N
o I
! N ] 1/
\ ] N
\ , \ ~
- — A) N

N
.

M~

- -4------F
<+




PCT/SE2009/050899

WO 2011/008142

2/9

G¢

T/




PCT/SE2009/050899

WO 2011/008142

m”F J . > .‘n
< . >
L / m w v; r
M« Z > X
Z > < » < I >>
6 mu m>> > mV
—_ > N > D
€ RN
N“_. ! / >> / JI D
X Y T T T T 1 ! I I ;.V
I I I i 1. I 1 I ! i . @
1 I } t i | [ I I P -
P 1 ! O T e
1% v I [ 1 I I | T |
I S A S el S
| I i I /! [ I I '
I 1 [ 1 /’ 1 1 i G
1 /_ I \ 1 J 1 /7 1 //_
& N / \ \\ M /. / /
q | g ] /y |
Nu. j w>> \\\w B v mm /
sl I d
< S TM Ll Tl
YA L
eg¢ b



WO 2011/008142 PCT/SE2009/050899

4/9
oL, b
-l-“-

vl A A
© A M ©
N ]

[ "o v
gm _NL
o
N = o . e
& .
\ - —
N L . - b ot
) ' o n

v _QNL
O \ 4 \
A 4 AN

Fi
/

2 ||| 2

7o) —
; A COA L(N) ‘_\

22

19

Ss

<t A
; A _Lal_
N
© ;N i _L_O_ - v
N

24




PCT/SE2009/050899

WO 2011/008142

5/9

8¢

A

(Joded o) 7



PCT/SE2009/050899

WO 2011/008142

6/9

A

(1eded o) 7

[ |

dl.
) €
A
T~
~
A
<€ 2y '
(% » ¥
m ’
m ll‘\
-
~
Ay
1
’
’
’I\\
RN
\
'
1
’
"\\
-=ay
A Y
'
—— !
’,
.VN .-t
<l
<

v




PCT/SE2009/050899

WO 2011/008142

]
t
i
]
I
b
]
'
t
~
1
1
1
1
I
]
t
i
i
1
1
-
s
I
'

P P

e —————————
g

I
r




PCT/SE2009/050899

WO 2011/008142

8/9

. N PR
’ A - ~
' M ‘ h
' ! ¥
'
\ '
“ 7
. \\
-
., N ——
’ A - N
v ’ A
< ! ! |
< L P v
) ' ( '
N ’ * !
~ 4 A ’
-~ ~ -
o

. . e
4 ~ - N
v 4 A
1 ! K
' ' v '
1 ' !
N 4 * !
~ - N 4
- Sea-?
P
. “ -
N ‘< b




WO 2011/008142 PCT/SE2009/050899

9/9

24




1
INTERNATIONAL SEARCH REPORT

International application No.

PCT/SE2009/050899

A. CLASSIFICATION OF SUBJECT MATTER

IPC: see extra sheet

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by

IPC: HO1P, HOSK, HO3H

classification symbols)

Documentation searched other than minimum documentation to the

SE,DK,FI,NO classes as above

extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name

EPO-INTERNAL, WPI DATA, PAJ

of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category®| Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 3701958 A (JAAG), 31 October 1972 (31.10.1972), 1-2
whole document
A DE 4135435 Al (AEG MOBILE COMMUNICATION GMBH), 1-2
29 April 1993 (29.04.1993), whole document
A US 4701727 A (WONG), 20 October 1987 (20.10.1987), 1-2
whole document
A US 3668569 A (HERRING), 6 June 1972 (06.06.1972), 1-2
whole document

I_—)sl Further documents are listed in the continuation of Box

C. EI See patent family annex.

*

A"

Special categories of cited documents:

document defining the general state of the art which is not considered
1o be of particular relevance

earlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which is

cited to establish the publication date of another citation or other
special reason (as specified)

document referring 10 an oral disclosure, use, exhibition or other
means

document published prior to the international filing date but later than
the priority date claimed

"T" later document published afier the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance: the claimed invention cannot be
considered novel or cannot be considered 1o involve an inventive

step when the document is taken alone

document of particular relevance: the claimed invention cannot be
considered 10 involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

v &

document member of the same patent family

Date of the actual completion of the international search

30 March 2010

Date of mailing of the international search report

87 -04 2010

Name and mailing address of the ISA/
Swedish Patent Office

Box 5055, S-102 42 STOCKHOLM
Facsimile No. +46 8 666 02 86

Authorized officer

Ervin Dubaric / JA A
Telephone No. +46 8 782 2500

Form PCT/ISA/210 (second sheet) (July 2009)




2

INTERNATIONAL SEARCH REPORT

International application No.

PCT/SE2009/050899

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

(04.03.2003), whole document

Category*| Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 6791403 B1 (TAYRANI ET AL), 14 Sept 2004 1-2
(14.09.2004), whole document

A US 6528732 B1 (OKUBORA ET AL), 4 March 2003 1-2

Form PCT/ISA/210 (continuation of second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.
PCT/SE2009/050899

International patent classification (IPC)

HO1P 1/203 (2006.01)
HOSK 1/16 (2006.01)

Download your patent documents at www.prv.se

The cited patent documents can be downloaded:

¢ From "Cited documents" found under our online services at
WWww.prv.se (English version)

¢ From "Anfdrda dokument" found under "e-tjdnster" at
WWW.prv.se (Swedish version)

Use the application number as username. The password is
GHYBSQEZDA.

Paper copies can be ordered at a cost of 50 SEK per copy from
PRV InterPat (telephone number 08-782 28 85).

Cited literature, if any, will be enclosed in paper form.

Form PCT/ISA/210 (extra sheet) (July 2008)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/SE2009/050899

us 3701958 A 31/10/1972 DE 6948645 U 14/05/1970

DE 4135435 Al  29/04/1993 NONE

us 4701727 A 20/10/1987 NONE

us 3668569 A 06/06/1972 NONE

us 6791403 Bl  14/09/2004 EP 1604423 A 14/12/2005
JP 2006521073 T 14/09/2006
KR 20050109591 A 21/11/2005
NO 20054663 A 07/12/2005
WO 2004095622 A 04/11/2004

us 6528732 Bl1  04/03/2003 DE 10040143 A 22/02/2001
FR 2797740 A 23/02/2001
JP 2001060802 A 06/03/2001

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - amend-body
	Page 22 - amend-body
	Page 23 - amend-body
	Page 24 - amend-body
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - wo-search-report
	Page 35 - wo-search-report
	Page 36 - wo-search-report
	Page 37 - wo-search-report

