
CAN END Cross Reference To Related Applications [0001]
This application claims priority to U.S. Application
Number 10/979,068 filed November 1, 2004, the entire
disclosure of which is incorporated herein by
reference. Background of the Invention [0002] This is
a continuation-in-part of United States Patent
Application Number 10/770,791, filed February 3, 2004,
which is a continuation of PCT/EP03/03716 filed April
10, 2003, which claims priority to EPO Application
Number 02252800.4 filed April 22, 2002. [0003] This
invention relates to a can end and a method of
manufacture of such a can end. In particular, it
relates to a can end which has improved performance
characteristics. [0004] Containers such as cans which
are used for the packaging beverages, for example, may
contain a carbonated beverage which is at a higher
than atmospheric pressure. Can end design has been
developed to withstand this "positive" buckle pressure
(sometimes also referred to as "peaking" pressure) up
to defined minimum values (currently 90 psi for
carbonated soft drinks) under normal operating
conditions before failure. About 8 to 10 psi above
this value, failure of conventional can ends involves
loss of the circular profile and buckling of the end
which, ultimately, leads to eversion of the end
profile. Abuse conditions may also arise when a
container is dropped or distorted, or when the product
within the container undergoes thermal processing.
[0005] One solution to the problem of loss of circular
profile is provided by the can end which is described
in our United States Patent Number 6,065,634. The can
end shell (that is, the unseamed can end) of that
patent includes a peripheral curl, a seaming panel, a
chuck wall at an angle of between 30 and 60, a narrow
anti-peaking bead and a center panel. During seaming
of the shell to the can body, the chuck wall is
deformed at its upper end by contact with an anvil
portion of the seaming chuck. The resulting profile
provides a very strong double seam since the annulus
formed by the seam has very highhoop strength and will
resist distortion from its circular profile when
subjected to thermal processing or when packaging
carbonated beverages. [0006] Stiffness is also
provided to the beverage can end by the anti-peaking
or countersink bead. This is an outwardly concave bead
comprising inner and outer walls, joined by a curved
portion. In the '634 patent this bead has walls which
are substantially upright, although either may vary by
up to +/- 15. This patent uses a small base radius
(best fit) for the bead, typically 0.75 mm or less.
[0007] It is known from United State Patent Number
6,089,072 that the width of the anti-peaking bead can
be reduced by free drawing of the inner wall of the
bead. This latter method avoids undue thinning of the
bead as it is reworked. The resultant narrower bead
optimises the stiffness of the can and, consequently,
its resistance to buckling when attached to a can body
having high internal pressure in the can. [0008] Can
ends such as those described in the above patents have
high hoop strength and/or improved buckle performance
such that they resist deformation when subjected to
high internal pressure. In particular, the buckle
pressure of the end of the '634 patent is well above
the 90 psi can making industry minimum standard.
[0009] Whilst high hoop strength is predominantly
beneficial it will affect the manner in which the can
end ultimately fails. In a conventional can end, the
circular periphery of the can end will tend to distort
and become oval under high internal pressure. If the
circular shape of the seamed end is free to distort to
an oval shape under high internal pressure, as is
usual, then part of the anti-peaking bead will open
out along an arc at one end of the long axis of the
oval shape as the can end everts locally. [0010]
However, as the inventors have observed in the can end
of the '634 patent in particular, it has been found
that the stiff annulus formed by the double seam
resists such distortion. As a result, when subjected
to severe abuse conditions, dropping during transport,
mishandling by machinery, freezing etc, it has been
found that the resultant failure mode may lead to
leakage of can contents. When distortion of the seam
or antipeaking bead is resisted by a strong seam
and/or anti-peaking bead, failure can be by eversion
of the bead at a single point rather than along an
arc. Such point eversion leads to pin hole leaks or
even splitting of the can end due to the localised
fatiguing of the metal and extreme conditions may even
be explosiveSummary of the Invention [0011] This
invention seeks to control the failure mode and to
avoid catastrophic failure and leaking, whilst still
achieving buckle pressure performance well above the
industry stipulated pressure of 90 psi. [0012]
According to the present invention, there is provided
a can end shell comprising a center panel, a
countersink bead, an inclined chuck wall portion, and
a seaming panel, and further including one or more
control features, each feature extending 



around an arc of part of the countersink bead and/or
the chuck wall whereby the failure mode of the can
end, when seamed to a can body, is controlled, and in
which the or each control feature comprises one or
more of: an expansion of the countersink bead, a shelf
in the outer wall of the countersink, an indentation
in the chuck wall, and/or coining. [0013] For the
avoidance of doubt, it should be noted that the term
"arc" as used herein is intended to include a 360 arc,
i.e. a control feature or features which extend around
the whole circumference of the can end shell.
Furthermore, it should be noted that the term
"inclined" is not intended to be limiting and the
inclined chuck wall may have one or more parts, any of
which may be linear or curved, for example. [0014] A
control feature, such as a selectively weakened
region, may be introduced onto the can end in a
variety of different ways, all of which are intended
to limit or prevent the concentration of strain.
Control features or weakenings may be achieved by
increasing the radial position of the outer wall of
the countersink bead, a shelf in the countersink bead,
an indentation in the chuck wall, or coining. Numerous
variations are possible within the scope of the
invention, including those set out below. [0015]
Usually, a shelf in the countersink bead will be in
the outer wall of the bead, and may be at any position
up that wall. Clearly when the shelf is at the lower
end of the outer wall it effectively corresponds to an
expansion in the bead radius. A shelf or groove may be
provided on any part of a radial cross-section through
the bead but as the inner wall diameter position is
often used as a reference for machine handling
purposes and the thickness of the base of the
countersink should ideally not be reduced, the outer
wall is the preferred location.[0016] Preferably, an
indentation in the chuck wall should be made so that
in the seamed can end, the indentation is positioned
approximately at the root of the seam. In the end
shell this means that the indentation should be made
about halfway up the chuck wall or in the upper half
of the chuck wall, depending on the type of seam. The
indentation may be made using radial and indent
spacers to control the radial and penetration depth of
the tool. [0017] In one embodiment, a control feature
may extend over a single arc behind the heel of the
tab, centered on a diameter through the tab rivet and
nose. Alternatively, there may be a pair of control
features, symmetrically placed one on either side of
the tab, and ideally centered at +/- 90 or less from
the heel (handle end) of the tab. hi this embodiment,
the arc length may be anything up to 90 in order to
encompass any "thin point" due to orientation relative
to grain orientation. [0018] A control feature may
comprise a combination of different types of control
features, usually over at least a portion of the same
arc o f the can end such that, where the arcs are not
fully circumferential, the different types are
centered on the same can end diameter. For example,
there may be an expansion of the bead wall/radius and
an indentation in the chuck wall for the same or each
control feature. In this example, the indentation in
the chuck wall may extend over the same length of arc
as the bead expansion, a longer or a shorter arc
length, with the centers of the arcs being on the same
end diameter hi yet another embodiment, there may
additionally be a shelf-type groove, as well as the
bead expansion and chuck wall indentation. [0019] The
countersink bead may have its base radius enlarged and
then incorporate a control feature comprising a shelf
in its outer wall hi one example, the arc length of
the bead expansion (and, where present, the shelf) is
less than the arc length of the chuck wall
indentation, such that the bead expansion (and slielf)
acts as a trigger for local peaking. [0020] Where the
control feature comprises an indentation or coined
region on the chuck wall, this may extend either
internally or externally, o r a combination of these
around the arc. For the purpose of this description,
it is the side of the can end to which a tab is fixed
which is referred to as "external" as this side will
be external in the finishedcan. Preferably, however,
the indentation extends inwardly as otherwise it may
be removed by the seaming tool during seaming. [0021]
In a further embodiment, the end shell may
additionally include coining of a shoulder between the
inner wall of the countersink and the center paixel
over an arc or pair of arcs. [0022] The control
feature is preferably made in a conversion press but
it may be made in a shell press or even in a
combination of the shell and conversion presses
providing that orientation of the end is not an issue.
[0023] Whilst the terms "groove", "indentation" and
"indent" ha v e been used above, it should be
appreciated that these terms also encompass any
reshaping of the can end to form a control feature,
including the use of a point indent or series o f
indents and other variations of points and grooves.
[0024] According to another embodiment, a can end
shell and seamed can end are provided having an
increased wall angle that forms a control feature ox
weakening. 



The unseamed end includes a circumferentially
extending peripheral curl including a cover hook, a
seaming panel, and a radiused portion; a wall
extending circumferentially and radially inward from
said radiused portion of said peripheral curl at a
first point; an annular reinforcing bead extending
radially inward from said wall at a second point,
wherein a line between said first and second points is
inclined between about 30 and about 60 with respect to
an axial centerline of said can end; a center panel;
and one or more control features, each control feature
extending around an arc of at least part of the
countersink bead and/or the chuck wall, whereby the
failure mode of the an end, when seamed to a can body,
is controlled, and in which the or each control
featixre comprises one or more of: an expansion of the
countersink bead, a shelf in the outer xvall of the
countersink, an indentation in the chuck wall, and/or
coining. [0025] The wall comprises an upper wall
portion and a lower a l portion and a juncture
therebetween, said upper wall portion extending
inwardly from said first point, said lower wall
portion extending radially outwardly from said second
pooit. The lower wall portion preferably is inclined
greater than 46, preferably between 45  and 60, more
preferably between 46 and 54, more preferably between
48 and 54, and most preferably about 52.[0026] The can
end shell may also be formed with the above inclined
wall without other control feature or weakening. Such
seamed can end includes a circumferentially extending
peripheral curl including a cover hook, a seaming
panel, and a radiused portion; an annular reinforcing
bead extending radially inward from said wall lower
portion at a second point, wherein a line between said
first and second points is inclined between about 20
and about 60 with respect to the axial centerline; a
center panel; and a wall extending circumferentially
and radially inwardly from said radiused portion of
said peripheral curl at a first point and extending
circumferentially and radially outwardly from the bead
at a second point; said wall including a lower
portion, an upper portion, and a juncture
therebetween, said lower wall portion being inclined
between 46 and 60 with respect to an axial centerline
of said can end and measured between said second point
and said juncture. The lower wall portion preferably
is inclined between 46 and 54, more preferably,
between 48 and 54, even more preferably at
approximately 52. The seamed can end having a wall
inclined at the above angles. Brief Description of the
Figures [0027] Preferred embodiments of the invention
will now be described, by way of example only, with
reference to the drawings, in which: [0028] Figure 1
is a perspective view of a conventional beverage can
end; [0029] Figure 2 is a plan view of another type of
beverage can end; [0030] Figure 3 is a partial side
section of the can end of figure 2, prior to seaming;
[0031] Figure 4 is a partial side section of the can
end of figure 2, after seaming to a can body; [0032]
Figure 5 is a sectioned perspective view of a seamed
can end having two types of control features; [0033]
Figure 6 is a cross-sectional view of an unseamed can
end illustrating another embodiment of the present
invention;[0034] Figure 7 is a cross-sectional view of
another embodiment of the unseamed can end; and [0035]
Figure 8 is a cross-sectional view of the can end of
Figure 7 that has been seamed onto a container.
Detailed Description of Preferred Embodiments [0036]
The can end of figure 1 is a conventional beverage end
shell 1 comprising a peripheral curl 2 which is
connected to a center panel 3 via a chuck wall 4 and
antipeaking reinforcing bead or countersink 5. The
center panel has a score line 6 which defines an
aperture for dispensing beverage. A tab 7 is fixed to
the center panel 3 by a rivet 8, as is usual practice.
Beads 9 are provided for stiffening the panel. [0037]
The can end of figure 1 when attached by seaming to a
can body which is filled with carbonated beverage, for
example, is typically able to withstand an internal
pressure of 98 psi before buckling, 8 psi above the
required minimum buckle pressure of 90 psi. When the
pressure approaches and exceeds this value, the
circular shape of the periphery of the end will
distort and become oval. Eventually the center panel
will be forced outwardly so that the countersink
"unravels" and flips over an arc of its circumference.
Whilst a can which is buckled in such a manner is
unlikely to be acceptable to a consumer, the can end
itself is still intact, the tab 7 is still accessible
and there is no compromise to the sealing of the
container by such failure which could result in
leaking of the contents. [0038] It has been found by
the present Applicants, however, that where a
container has an end which is, by virtue of its
design, substantially stiffer and has greater 



hoop strength than that of figure 1, the buckle
failure mode differs from that described above. Such a
can end is that of the '634 patent, shown for
reference in figures 2 to 4. The can end 20 is
attached to a can body 2 1 by a double seam 22, as
shown in figure 4. Inner portion 23 of the seam 22,
which is substantially upright, is connected to a
countersink bead 25 by a chuck wall 24. The
countersink, or anti-peaking bead 25 has inner and
outer walls 26 and 27, the inner wall 26 depending
from the center panel 28 of the end. [0039] Whilst the
higher hoop strength exhibited by this can end is of
great importance in maintaining the overall integrity
of the container, the mode in which the canfails under
severe abuse conditions may be unacceptable and even,
on occasion, catastrophic. Typical failure modes may
compromise the integrity of the can by pin hole(s)
and/or splitting of the can end. Li extreme cases, the
center panel 28 is pushed outwardly by excessive
internal pressure. As the panel moves outwardly, it
pulls the inner wall 26 of the anti-peaking bead 25
with it. The inner portion 23 of seam 22 is "peeled"
away from the rest of the seam as the can end is
forced out. The explosive nature of this so-called
"peaking" failure results in the formation of a bird's
beak configuration with a pin hole at the apex of the
"beak" where the force is concentrated in a single
point at the base of the countersink 25. [0040] The
Applicants have discovered that by providing the can
end with a control feature, a preferential "soft" peak
is obtainable when the can end fails. Although this
means that the can end may fail at a lower buckle
pressure, the softer, less explosive nature of the
peak results in a failure mode without pin hole or
tearing. The introduction of a control feature thus
controls the failure mode and avoids concentration of
the forces at a single point. [0041] Control features
in accordance with the invention can take a variety of
forms including, without limitation, one or more of
the following with reference to figures 3 and 4: A.
The radial position of the outer wall 27 of the
countersink bead may be increased; B. The chuck wall
24 may be coined or have indentations at or above
approximately the mid-point such that this control
feature is at the root of the seam 22 in the seamed
can end (denoted as B'); C. Coim'ng of the inner
shoulder (C) of the countersink or of the outer
shoulder (C); D. A shelf may be made in the outer wall
27 of the countersink bead. [0042] When a type D
region is at the lower part of the outer countersink
wall, this may be equivalent to a type A control
feature. Higher up the outer wall, a type D region
takes the clear form of a shelf. [0043] In a
preliminary trial of the present invention, the shell
of figures 2 to 4 was modified by a local groove in
the outer wall of the countersink. This groove was
ideally adjacent the handle of the tab so that any
failure of the can end would be awayfrom the score.
Positioning either side of the tab or, indeed, at any
position around the countersink was also considered
possible. The groove was typically about 8 mm in arc
length and was positioned approximately halfway down
the outer wall of the countersink bead, in the form of
a shelf. Computer modelling has showed that the
provision of such a groove resulted in a failure mode
similar to that of a conventional can end such as that
of figure 1, with no leakage. [0044] Modelling and
bench testing has revealed that even better control of
the failure mode was achievable when a pair of grooves
were made at the base of the countersink outer wall. A
variety of variables were modelled and then bench
tested as follows: depth of groove bottom of outer
wall * gap between grooves 3mm to 6mm radial
interference (depth of penetration into outer wall)
0.2mm to 0.4mm orientation behind (handle end of) tab
60 to tab left only 60 to tab right only 60 to tab
left and right * This is equivalent to increasing the
radial position of the countersink (anti-peaking)
bead. [0045] In bench testing of a small batch of cans
using each of the above combinations, it was found
that whilst the majority of cans leaked, the provision
of a control feature controlled the position of
peaking to the indentation site and all leaks were
located on the peaks rather than on the tab rivet or
score. [0046] In spite of the fact that the cans of
the initial trial still leaked on peaking, the
Application discovered that the incident of leakage
was greatly reduced by a combination of types of
control features which may, individually, exhibit
unacceptable leaking on peaking. The following
examples show how the failure mode can not only be 



focussed on a particular site on the can end but also
be controlled such that the can alsohas acceptable
buckle performance. In all of these further trials,
cans were heated to 100F before carrying out the drop
tests. Example 1 [0047] Can ends were modified in the
conversion press by expanding the countersink bead
over a 60 arc at positions +/- 90 of the tab heel.
These ends were then seamed onto filled cans and
dropped vertically, tab end down, onto a steel plate,
the sheet steel being inclined at 30. This extreme
test is non-standard and tested the cans for severe
abuse performance. The tests used the Bruceton
staircase analysis and results are set out in table 1,
where P - standard peak and PS = peak and score burst.
[0048] AUcans tested peaked at the control feature
without splitting. As with preliminary bench testing,
the position of peaking was focussed on the
indentation site. [0049] Can ends modified in this way
were also tested by pressurising a can to which the
end was seamed ("seamed end test"). These results are
shown in table 2. Whilst the cans all peaked on the
indentation site and were still openable after
peaking, only 25% survived testing without leaking on
the peak location.TABLE 1 (Braceton staircase test)
TABLE 2 (SET test)P = standard peak with no leak PS =
peaked and burst at the score Example 2 [0050] Further
can ends were then modified in the conversion press
both by expanding the countersink bead over a 60 arc
at positions +/- 90 of the tab heel, and also by
providing a indentation over a 50 arc at positions +/-
90 in the upper chuck wall. These ends were then
seamed onto filled cans and drop tested by dropping
vertically, tab end down, onto a steel plate, the
sheet steel being inclined at 30. The results of the
second tests are given in table 3, where again P =
standard peak and PS = peak and score burst. [0051]
The combination of a countersink bead expansion and
indentation in the chuck wall increases the average
height at which peaking occurs. The countersink bead
expansion was found to act as a trigger and this
combination of a trigger and chuck wall indentation
controls the peaking better than a countersink bead
expansion alone (example 1). [0052] Can ends modified
in this way were also tested by pressurising a can to
which the end was seamed ("seamed end test"). These
results are shown in table 4. [0053] In the results of
table 4, all the cans again peaked on the indentation
site and were still openable after peaking. In
addition, 100% survived testing without leaking on the
peak location, supporting the Applicant's discovery
that by combining two types of control feature,
performance in terms of leak-free failure mode is
dramatically improved.TABLE 3 (Bruceton staircase
test) TABLE 4 (SET test)BANDPASS FILTER BACKGROUND [1]
Most microwave filters built using microstrip
transmission lines have a tendency of not suppressing
2nd ,3rd and 4th harmonic signals. Traditionally, the
way to solve this problem is to add a lowpass filter
at the two ends of a bandpass filter. Physically, this
makes the filter structure bigger. Electrically, using
lowpass filters increase signal loss, and the
suppression of the harmonics for the most part is not
as good as desired. SUMMARY OF THE DISCLOSURE [2] An
edge-coupled filter includes a phase velocity
compensation transmission line section comprising a
series of alternating T-shaped conductor portions.
BRIEF DESCRIPTION OF THE DRAWINGS [3] Features and
advantages of the disclosure will readily be
appreciated by persons skilled in the art from the
following detailed description when read in
conjunction with the drawing wherein: [4] FIG. 1 is a
layout of an exemplary embodiment of a bandpass
filter.[5] FIG. 2 is a cross-sectional diagrammatic
view of the filter of FIG. 1, taken along line 2-2 of
FIG. 1 [6] FIG. 3 is a graph of attenuation as a
function of frequency for an exemplary filter
implementation, where the response shows attenuation
of the 2nd and 3rd harmonics. [7] FIG. 4A is a top
view of an enlarged portion of a filter layout,
showing overlapped, edge-coupled conductor strips.
FIG. 4B is a diagrammatic end view of the bandpass
filter of FIG. 3A. FIG. 4C is a graph depicting
velocities of even and odd modes of propagation as a
function of filter parameters. [8] FIG. 5 is a layout
of an alternate embodiment of a bandpass filter.
DETAILED DESCRIPTION [9] In the following detailed
description and in the several figures of the drawing,
like elements are identified with like reference
numerals. [10] In an edge coupled filter fabricated in
a planar transmission line medium, such as microstrip
or stripline, energy is propagated through the filter
through edge-coupled resonator elements or conductor
strips. Harmonics in the filter response appear due to
the 



mismatch in phase velocities of the even and odd
modes. In microstrip coupled lines, the odd mode
travels faster than the even mode. Also, the odd mode
tends to travel along the outer edges of the
microstrip coupled lines or conductor strips, while
the even mode tends to travel near the center. In an
exemplary embodiment, to suppress the harmonics of the
filter, a means for equalizing the even and odd mode
electrical lengths is provided. [ 1 1] In an exemplary
embodiment illustrated in FIGS. 1 and, a microstrip
filter 20 comprises spatially separated input/output
(I/O) ports 22 and 24, which are connected by a phase
velocity compensation transmission line section 30.
The transmission line section 30 comprises
edge-coupled resonator elements 32-40 in this
exemplary embodiment. The ports 22, 24 are positioned
along a filter axis 26 in this embodiment. The
transmission linesection 30 comprises a series of
alternating conductor sections or lines 32-40,
arranged in a staggered offset manner relative to the
filter axis 26. The conductor sections are edgecoupled
at an RF operating frequency band. The spatial
separation of the conductor sections provides DC
isolation. The lines 32-40 include coupled line
portions which are adjacent a corresponding coupled
line portion of an adjacent conductor line. For
example, line 32 includes a line segment 32C which
overlaps a line segment 34C of line 34. These
overlapping line segments are approximately wavelength
in length in an exemplary embodiment, at an operating
frequency. [12] Each conductor section includes a
respective T-shaped portion 32A-40A. The T-shaped
portions have a parallel leg portion oriented in
parallel to the filter axis, and a transverse stub
oriented perpendicularly to and bisecting the parallel
leg portion in this exemplary embodiment. For example,
T-shaped portion 32A has a parallel leg portion
(comprising a portion of the conductor section 32) and
a transverse stub 32B. The directions of the
transverse stubs 32B-40B alternate, as do the stub
lengths. The filter response is symmetric about its
center frequency (as shown in FIG. 4); depending on
the length of the 1 wave length coupled line, the
transverse stub lengths may be optimized, which may
result in different stub lengths. Because the odd mode
tends to travel along the outer edges of the coupled
lines or conductor strips, while the even mode tends
to travel near the center, the T-shaped sections add
transmission line length which is traveled by the odd
mode, but not the even mode. As a result, the odd and
even mode components propagating along the
transmission line 30 arrive at the output port in
phase. [13] The exemplary filter embodiment of FIGS. 1
and 2 may be constructed in microstrip. The filter
comprises a substantially planar dielectric substrate
23, e.g. a substrate such as alumina or duroid having
a substrate height h. A conductive ground plane layer
25 is formed on one surface of the dielectric
substrate, here the bottom surface of the substrate
23. A conductive microstrip trace pattern is formed on
the opposite substrate surface, in this example the
top surface. The trace pattern forms the
conductorsections 32-40 and the I/O ports 22, 24. In
an exemplary embodiment, the trace pattern may be
fabricated using photo lithographic techniques. [14]
The phase velocity mismatches of the even and odd
modes may be compensated by extending the odd mode
traveling path. In an exemplary filter structure, the
alternating T-shaped portions of the filter provide
the compensation. In a microstrip coupled line, the
odd mode is faster and tends to travel on the edges of
the line, while the even mode is slower and travels
along the center of the coupled lines. The exemplary
filter architecture illustrated in FIG. 1 compensates
for the mismatch of phase velocities of the even and
odd modes in the filter structure by periodically
introducing stubs, and by adjusting the electrical
length of the quarter wave coupled line sections in
the filter. In an exemplary embodiment, most of the
phase compensation is provided by the T-shaped
portions. Some phase compensation may be provided by
varying the lengths of the coupled lines away from the
nominal % wavelength, e.g. by optimization. [15] FIGS.
4A-4C depict how variation in design parameters for a
microstrip transmission line embodiment affect the
phase velocities of the even and odd modes propagating
in an edge coupled filter. FIG. 4A is a diagrammatic
illustration of edgecoupled conductor strips C 1 and
C2 formed as microstrip conductors on a surface of a
dielectric substrate 23. The conductor strips C 1 and
C2 are arranged in parallel, and are spaced apart by a
distance s. As depicted in the end view, FIG. C, the
substrate 23 has a height h. FIG. 4C is a graph
showing calculated phase velocities for the even mode
(ve) and odd mode (vo) as a function of the ration
s/h, and for different ratios w/h. [ 16] In an
exemplary simulation embodiment, the filter 20
attenuates the 2nd and 3rd harmonics as shown in FIG.
3 with very good out-of-band rejection. FIG. 3 is a
graph of attenuation as a function of frequency for an
exemplary filter implementation, over a passband
centered at 10 GHz, with a nominal bandwidth which is
about 2.5 GHz. FIG. 3 illustrates an exemplary
simulation plot of the return loss (S(1 , 1)) and
insertion loss (S(2,1 )) as a function of frequency.
The exemplary simulation embodiment whose performance
isdepicted in FIG. 3 was done using Agilent=s ADS
linear simulator tool. This exemplary embodiment of a
microstrip filter also exhibits very low loss filter
with very high out-of-band rejection characteristics.
This exemplary filter embodiment exhibits a good
linear phase for 



over 80% of the filter bandwidth. Harmonics in the
insertion loss characteristic have been suppressed. [
17] An embodiment of the filter is very compact,
resulting in significant reduction of size and weight
of most microwave integrated circuits which utilize
multiple filters. [ 18] This filter architecture can
be implemented in a transmission line type other than
microstrip, e.g. in stripline or coplanar waveguide. [
19] Another exemplary embodiment is illustrated in
FIG. 5, which depicts a layout of a hairpin filter
100. The hairpin configuration comprises I/O ports
102, 104, and a phase velocity compensation
transmission line section 110. The transmission line
section 110 is arranged in a serpentine or series of
U-shaped bends, each comprising edge-coupled resonator
sections and a T-shaped portion disposed in the
U-bend. For example, conductor sections 112, 114 are
around %wavelength in electrical length at an
operating frequency, and are disposed in parallel with
a spacing between them. Similarly conductor sections
118, 120 are edge-coupled. T-shaped portion 116
connects ends of conductor sections 114, 118, and
provides phase velocity phase compensation. The
lengths of the LA wavelength sections may also
adjusted to provide phase velocity compensation. The
filter 100 can be constructed in microstrip or
stripline, for example. An exemplary passband is 200
MHz centered at 1.85 GHz. [20] Although the foregoing
has been a description and illustration of specific
embodiments of the invention, various modifications
and changes thereto can be made by persons skilled in
the art without departing from the scope and spirit of
the invention as defined by the following
claims.CLAIMS What is claimed is: 1. An RF bandpass
filter circuit, comprising: a first input/output (I/O)
port (22); a second I/O port (24); a phase velocity
compensation transmission line section (30) coupled
between said first I/O port and the second I/O port,
said transmission line section comprising a plurality
of parallel-coupled conductor portions (32-40)
arranged for signal coupling between alternate
conductors; the phase velocity compensation
transmission line section comprising a plurality of
shaped conductor portions for phase velocity
compensation of respective odd mode and even mode
propagation signal components. 2. A filter according
to Claim 1, wherein said shaped conductor portions are
Tshaped portions and have a first conductor leg, and a
transverse stub (32B-40B) oriented transversely to the
first leg. 3. A filter according to Claim 2, wherein
the transverse stub of said T-shaped portion bisects
said first leg. 4 . A filter according to any of
Claims 1-3, wherein the phase velocity compensation
transmission line section is a microstrip transmission
line section. 5. A filter according to any of Claims
1-3, wherein the phase velocity compensation
transmission line section is a stripline section.6. A
filter according to any of Claims 1-5, wherein the
phase velocity compensation transmission line section
comprises: a dielectric substrate (23) having first
and second opposed planar surfaces; a ground plane
(25) formed on the first substrate surface; said
parallel-coupled conductors formed on the second
dielectric surface in a staggered arrangement about a
linear filter axis (26) with gaps between ends of
alternate conductors to provide edge coupling. 7. A
filter according to any preceding claim, wherein said
phase velocity compensation line section provides
compensation for an odd mode propagation velocity
which is greater than an even mode propagation
velocity. 8. A filter according to any preceding
claim, wherein harmonics of a response of the filter
are suppressed by said phase velocity compensation
transmission line section. 9. A filter according to
any preceding claim, wherein said filter is free of
low pass filters at said first and second I/O ports.
10. A filter according to any of Claims 1-5, wherein
the transmission line section is arranged in a hairpin
configuration (1 10). 11. A filter according to Claim
10, wherein the shaped conductor portions ( 1 16) are
arranged in U-bends of the hairpin configuration. 12 .
A filter according to any of Claims 1-5, wherein said
conductor portions (32-40) are arranged in a staggered
arrangement about a linear filter axis (26). 


