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(57) Abréegée/Abstract:

A duplex filter includes a core of dielectric material with top, bottom, and side surfaces, and first and second spaced-apart sets of
through-holes extending therethrough. A wall extends outwardly from the top surface to define a peripheral rim and cavity. A
pattern of metallized and unmetallized areas are defined on selected core surfaces including strips of metallization on the top
surface that extend onto the wall and the peripheral rim thereof to define respective transmit, receive, and antenna connection
posts. In one embodiment, the core Is made from two separate blocks which have been coupled together to define an interior
metallized layer which separates the first and second sets of through-holes and an exterior wall on the top surface separates the
respective transmit and recelve conductive patterns thereon.
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(57) Abstract: A duplex filter includes a core of dielectric material with top, bottom, and side surfaces, and first and second
spaced-apart sets of through-holes extending therethrough. A wall extends outwardly from the top surface to define a peripheral
rim and cavity. A pattern of metallized and unmetallized areas are detined on selected core surtaces including strips of metalliza-
tion on the top surface that extend onto the wall and the peripheral rim thereot to define respective transmit, receive, and antenna
connection posts. In one embodiment, the core 1s made from two separate blocks which have been coupled together to define an
interior metallized layer which separates the first and second sets of through-holes and an exterior wall on the top surface sepa-

rates the respective transmit and receive conductive patte;

ns thereon.
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DUPLEX FILTER WITH RECESSED TOP PATTERN AND CAVITY

This application claims the benefit of the filing date and disclosure of
2 U.S. Provisional Patent Application Serial No. 81/204 594 filed on January 8,
2008, and is also a continuation-in-part of, and claims the benefit of the filing
date and disclosure of, U.S. Patent Application Serial No. 12/316.233 filed on
December 8, 2008, now U.S. Publication No. US2009/0146761-A1 published
on June 11, 2008, the entive disclosures of which are explicitly incorporated
10 heremn by reference as are all references cited therein.

Technical Field

This invention refates {o diglectric block fillers for radio-frequency
signals and, in padicular, fo moncblock duplex filters,

Backaround of the invention

Ceramic block filters offer several advantages over lumped companent
filters. The blocks are relatively easy to manufacture, rugged, and relatively
compact. in the basic ceramic block filler design, the resonators are formed

20 by typically cylindrical passages, called through-holes, extending through the
biock from the long narrow side to the opposite long narrow side. The biock
is substantially plated with a conductive material (i.e. metallized) on all but
one of ifs six {outer) sides and on the inside walls formed by the resonator
through-holes.

25 One of the two opposing sides containing through-hole openings is not
fully metallized, but instead bears a metallization pattern designed o couple
nput and output signals through the series of resonators. This palierned side

is conventionally tabeled the top of the biock. In some designs, the pattern
may extend to sides of the block, where inputioutput electrodes are formed.

38 1he reactive coupling between adjacent resonators is dictated, at least
1o some extent, by the physical dimensions of each resonator, by the

orienttation of each resonator with respect to the other resonators, and by
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eleciromagnetic fields within and around the block are complex and difficult {0
predict.

These filters may also be equipped with an external metallic shisld
aftached fo and positioned across the open-circuited end of the block in order

S tocancel parasific coupling betweaen non-adjacent resonators and {0 achieve
acceptable stopbands.

Although such RF signal filters have received widespread commercial
acceptance since the 18803, etforts at improvement on this hasic design
continued.

10 iy the interest of gliowing wirgless communication providers {o provide
additionatl service, governments worldwide have allocated new higher RF
frequencies for commercial use. 1o betler exploi these newly allocated
frequencies, standard setling organizations have adopied bandwidth
specifications with compressed fransmit and receive bands as well as

15 individual channels. These frends are pushing the limits of duplex filter
technology 1o provide sufficient frequency selectivity, increased band
isolation, decreased insertion loss, decreased band interference, and reduced
cross-faik.

Coupled with the higher frequencies and crowded channels are the

20 customer trends towards the use of the same printed circutt board and filter
across the different operating frequencies of different frequency platforms and
the consumer market frends towards sver smaller wiraless communication
devices and longer battery life. Combined, these trends place difficult

25 designers may not simply add more space-taking resonators (i.e., increase
the size of the filter} or allow greater insertion 1088 In order {0 provide

improved signal rejection.

Summary of the Invention

30 The present inveniion 8 directed o a iilter which comprises a core with
a top surface, a bottom surface, and side surfaces. The core defines a first
and sscond set of spaced-apart through-holes, and each of the through-holes
extend through the core from an opening defined in the top surface to an
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opening defined in the hotlom surface. Al least first, second, and third posis
extend cutwardly from the top surface. The filter includes a surface-layer
pattern of metallized and unmetallized areas on the core including a first
connection area of metallization or electrode located on the top surface and

S exianding onto the first post, a second connection area of metailization or
electrode focated on the top surface and extending onto the second post, and
a third connection area of metailization or antenna located on the fop surface
and extending onto the third post.

in one embodiment, the first, second, and third posts define a top nim

10 adapied to be seated against a top surface of a printed circuit board,

it one embodiment, at least first, second, and third walls extend
upwardly from the top surface and the tirst, second, and third posis are

in one embodiment, the first and second walls are opposed 10 each

15  other and the third wall connects the first and second walls and the plurality of
walls and the top surface {ogether define a cavily in the filter. In one
embodiment, the respective posts are defined by respective siots formed in
the respective walls. Siill further, in one embodiment, another wall extends
upwardly from the top surface and separates the openings of the respective

20 first and second set of spaced-apart through-holes.

in one embodiment, the core is made of first and second blocks which
have heen coupled together and define the first and second set of spaced-
apart through-holes respectively. Each of the first and second blocks
ircludes at least one cuter metailized ocuter surface which defines a central

25 interior laver of metsllization when the first and second blocks are coupled
together along the respective outer metallized outer surfaces.

There are other advantages and features of this invention, which will
be more readily apparent from the following detailed description of one
ambodiment of the invention, the drawings, and the appended claims.

30
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Brief

in the accompanying drawings that form part of the specification, and
it which like numerais are employed to designate like pars throughout the
same:
5 FIGURE 1 is a {op side perspective view of the transmit or {ow band
filter or branch of the duplex filter of the present invention;
FIGURE 2 is a top perspective view of the receive or high band filter or
branch of the dupiex filler of the present invention;
FIGURE 3 is a top pergpective view of one embodiment of the duplex
10 fiter in accordance with the present invention comprised of the FIGURE 1
and FIGURE 2 filters coupled together;
FIGURE 4 is a {op perspective view of the duplex filter of FIGURE 3
mounted cavity/top side down 10 a customer’s circuit board; and
FIGURE 518 a graph of signal strength {or loss) versus frequency for
15  the duplex filter of the present invention shown in FIGURES 3 and 4.

Detailed Description of the Embodiment

While this invention is susceplible 10 embodiment in many different
farms, this specification and the accompanying drawings disclose one
20  embodiment of the duplex filter in accordance with the present invention. The
invention is, of course, not intended to be limited to the embodiment so
cigims.
FIGURE 3 depicts one embodiment of a duplex filter 800 in
25  accordance with the present invention comprised of a transmit or low band

simplex signal filter or branch 10 (FIGURE 1) and a receive or high band

.......

coupled together in a side-by-side relationship as explained in more detail
below.

30 Referring to FIGURE 1, transmit filter 10 of duplex filter 800 comprises
a generally elongate, paralielepiped or box-shaped rigid biock or core 12

comprised of a ceramic dielectric material having a desired dielectric
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(FIGURE 4} that s paraliel 10 and diametncally opposead from top surface 14,

a first side longitudinal surface 18; a second longitudinal side surtace 20

(FIGURE 4) that is paraliel to and diametrically opposed from the first side
longitudinagl surface 18, a3 third transverse side or end surface 22; and a fourth
transverse side or end surface 24 that is paraliel to and diametnically opposed
from the third fransverse side or end surface 22,

Core 12 addiionally defines four generally planar walls 110, 120, 130
and 140 that extend upwardly and outwardly away from the respechve four
outer peripheral edges of the top swrface 14, Walls 110, 120, 130, 140
together define a peripheral top filter rim 200 and walis 110, 120, 130, 140
and top surface 14 together define a cavity 150 in the top of the filter 10.

Longitudinally extending walls 110 and 120 are paraliel and
diametrically opposed to each other. Transversely exiending walls 130 and
140 are parallel and diametrically opposed {0 gach other and are coupled to
and generally normmal with the walis 110 and 120.

Wall 110 has an outer surface 111 {(FIGURE 4) and an inner surface
112. The outer surface 111 is co-extensive and co-planar with side surface
20 (FIGURE 4). A central portion 110C of wall 110 includes an inner surface
112C which siopeas or angles outwardly and d{}wnwamiy away from the nm
200 into top surface 14 in the direction of opposed waill 120 at approximately
a 45 degree angie relative 1o both the top surface 14 and the wall 110, Walls
120, 130 and 140 all define generally vertical outer walls generatly co-planar

with the respective core side surfaces and generally vertical inner walls that

are generally substantially in a relationship that is normal to the horizontal

plane defined by top surface 14,

Wall 110 additionally defines a pluraiity of generally paraiiel and
spaced-apart wall portions. An end wall portion 110A is defined adjacent and
normal to the wall 130, An upwardly extending isolated ground walt portion or
post or finger 1108 is defined adjacent and spaced from the wall portion
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110A. Aslot 160 is defined between the end wall portion 110A and the post
1108. A central wall portion 110C is located adjacent but spaced from the
post 1108, A slot 162 is defined betwsen the post 1108 and central wall
portion 110C. An upwardly extending isolated wall portion or post or finger

110D is located adiacent but spaced from the central wall porfion 11080, A

siot 164 is defined between the central wall portion 1100 and the post 1100,

Post 1100 is diametrically opposed 1o post 110B and is defined in an end
partion of wall 110 adijacent the wall 140. An end wall portion 110E 18 defined
between the wall 140 and the post 1100, Wall portion 110k s normal to the

wall 140. A slot 166 is defined between the post 110D and the wall portion

110k.

inner surface 112 of wall 110 is further separated into several porfions
including inner vertical portions 112A and 112B and inner angled or sloped
surface portions 1120C, 112D and 112, inner surface portion 112A 18 focated
on wall portion 110A. Inner surface portion 1128 is located on wall portion or
past 1108, Inner surface porlion 112C is located on wall portion 1100, Inner
surface portion 1120 is located on wall portion or post 110D, inner surface
portion 112k is located on wall portion 110E.

Wall portions 1100, 1100, and 110k further define generally
triangularly-shaped side walls. Specifically, wall portion 110C defines a side
wall 114D spaced from post 110B and an opposed side wall 114E spaced
from post 110D, Post 110D defines a side wall 114F spaced from wall portion
1100 and a side wall 114G spaced from wall portion 1108, Wall portion 1108
defines a side wall 114H spaced from post 110D.

Wall 120 has an outer surface 121 and an inner surface {(not shown).
Quter surface 121 is co-extensive and co-planar with the core side surface 18
and the inner surface (not shown) is normal with the core top surface 14.

Wall 130 has an owter surface 131 and an inner swrface -(:mt shownl.
Quter surface 131 is co-extensive and co-planar with the core side surface 24
and inner surface {(not shown) is normal with the core top surface 14.

Wall 140 has an outer surface (nol shown} and an inner surface 142.
Quter surface (not shown} is co-extensive and co-planar with the core side
surface 22 and inner surface 142 is normal with the core top surface 14,
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18 and 24. The post 300 is spaced from the walls 120 and 130 so as o
define a slot 302 between the post 300 and wall 130 and a slot 304 between

the post 300 and the wall 120. Post 300 defines a pair of generally

trianguiariy-shaped side walls 308 which are not coveread with metallization
and are contiguous with the non-metallized area 44 as described in more
detait beiow. The outside side wall 308 s co-planar with the side core syurface
18 and the outside surface 121 of wall 120. Post 300 has a metallized top nim

312, a metallized front face 306 which is co-planar with the core end surface
24 and the osutsige surface 131 of wall 130, and a metailized nner angied or
sloped surface 310.

simplex transmit signal fitter 10 additionaily comprises a plurahty of
resonators 25 defined i part by a plurality of metallized through-holes 30
which are defined in dielectric core 12 and terminate in respective openings in
the top and bottom surfaces 14 (FIGURE 1) and 16 (FIGURE 4) of the core
12. Through-holes 30 extend along the length of the block 12 from a point
surface 24 i a spaced-apart, co-linear relationship. kach of the through-
holas 30 is defined by an inner cylindrical metallized side-wall surface 32.

Top surface 14 of core 12 additionally defines a surface-ayer recessed

pattern 40 of respective eleclrically conductive metallized and insulative

unmetallized areas or patterns. A portion of patiern 40 is defined on the top

recessed location at the base of cavity 150 in spaced relationship from and
with the top rim 200 of core walls 1140, 124, 130, and 140,

The metallized areas may be a surface layer of conductive silver-

containing matenal. Recessed pattern 40 also defines 3 wide areg or patterm
of metaliization that covers the core bottom surface 16, all of the core side

sifrfaces, and the side wall 32 of respective through-holes 30 and extends
contiguously from within resonator through-holes 30 {owards both core top

surface 14 and core bottom swrface 16 and may also be labeled a3 ground

electrode which serves to absorb or prevent transmission of off-band signals.
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The recessed pattern 40 on core top surface 14 is at least comprised

through the respective inner surfaces 32 of through-holes 30 and are shaped

to have predetermined capacitive couplings to agjacent resonators and other
areas of surface-layer metatllization.

An unmetallized area or pattern 44 surrounds all of the metallized
resonator pads B0A-F; extends over at least portions of the core side surfaces
18, 20, and 24; onto core top surface siof portions 182, 183, 320 and 322,
and onto core side wall portions 114E, 114F, 114G, 114H, and outside side

wall 308 of the post 300,

Unmetallized area 44 also defines a generally rectanguiariy-shaped
unmetaliized arga 314 which extends onto a portion of core side surface 24
lacated below the front face 308 of the post 300 and the siot 302. Another
generally rectangulary-shaped unmetallized area 318 is coupled with the
area 314 and extends onto a portion of core side surface 18 iocated below
the culside side wall 308 of post 300 and the siot 304,

A similar generally rectangularty-shaped unmetallized area 317
(FIGURE 4) extends onto a portion of the core side surface 20 located above
the post 1100 and slots 164 and 166.

Surface-layer pattern 40 on core top surface 14 additionally defines a

pair of isolated conductive metallized signal areas: a transmit input/output

connection area or electrode 330.
input/output signal connection area 210 extends onfo a portion of wall

110 and, more specifically, onto the inner surface and top rim portions 112

and 200 of RF signal inputioutput post 110D {o define, for example, a surface

mounting fransmit signal conductive connection point or pad or contact as
described in more detad below.
Connection area of metallization or electrode 210 is located adjacent

the wall 140. Input connection area or slectrode 210 includes electrode

portions 211, 212, 213 and 214, Electrode portion 211 is located between
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resonator pads B0k and 80F and connects with electrode portion 212 that is

located on inner surface portion 1120 of post 110D. Electrode portion 213

connects with elactrode portions 211 and 212, klectrode portion 214 18
located on the top rim portion 200 of post 1100, Electrode portion 214
connects with the elecirode portion {(not shown} that s focated an the outer

surface of the post 1100, Electrode portion 214 s surrounded on all sides by

unmetallized areas.
Antenna connection area 330 extends onto post 300 where it serves
as an antenna surface mounting conductive connection poirt or pad o

contact or post as described in more detail below.

Antenna conneciion area of metalization or elecirade 334 18 generally
L-shaped and located adjacent the wall 120. Electrode 330 includes
glectrode portions 331, 332, 333, 334 and 335. klectrode portion 332 is
locatad between rasonator pads 60A and 608 and connects with electrode
of post 300 and connects with electrode portion 331, Electrode portion 334 is
located on the top rim portion 200 of post 300 and connects with electrode
300 and is surrounded on all sides by unmetallized areas.

The recessed surface pattern 40 includes metallized areas and
unmetaliized areas. The mestallized areas are spaced apart from one anothsr
roughly related to the size of the metallization areas and the separation
diglance between adjacent metailized portions as weil as the overali core
configuration and the dielectric constant of the core diglectric material.

Similarly, swrface pattemn 40 aiso creates inductive coupling between the

metallized areas.

Tuming now to FIGURE 2, simplex receive signal filter 400 comprises
a generally elongate, parallelepiped or box-shaped figid block or core 412
comprised of a ceramic dislectnic matenal having a desired dielectnc
constani. in one embodiment, the dielectric material can be a barium or
neodymium ceramic with a dielectric constant of about 37 or above.
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Core 412 defines an outer surface with six generally reclangular sides:

longitudinal surface 420 that is parallel to and diametrically opposed from side
surface 418, a third transverse core side or end surface 424, and a fourth

transverse core side or end surface 427 that is paraliel 1o ang diametrically
opposed from the core end swrface 424,

Core 412 additionally defines four generally planar watlis 510, 520, 530
and 540 that extend upwardly and outwardly away from the respective four

outer peripheral edges of the core top surface 414, Walls 510, 520, 630, and

940 together deting a top penpheral nim 600 and the wails 510, 520, 530, 5340
and top surface 414 {ogether combine to define a cavity 550 at the top of the
filter 400, Longitudinally extending walls 510 and 520 are parallel and
diametrically opposed (o each other. Transversely extending walls 530 and
540 are parallel and diametrically opposed to each other and are coupled {o,

Wall 510 has an outer surface 511 and an inner surface 512. Outer
surface 511 is co-extensive and co-planar with the core side surface 4183
while a portion of the inner surface 512 slopes or angles outwardly and
downwardly away from the rim 800 into the core top surface 414 in the
direction of opposed wall 520 at approximately a 45 degree angle relative o
bath the core top swrface 414 and the wall 510. Walls 520, 530 and 540 al
define generally vertical outer walls generally co-planar with the respective
core side surfaces 420, 424, and 422 and generally vertical inner walls that
are generally substantialiy in a relationship that is normal to the horizontal
ptane defined by the core top surface 414.

Wall 510 additionally defines a plurality of generally parstiel and
spaced-apar slots 560, 562, 5684 and 50686.

An end wall portion S10A {8 defined between the wall 530 and siot 560.
End wall portion S10A 8 normal to the wall 530. An isolated ground wall

partion or post or finger 5108 is located adiacent but spaced from the wall

portion 510A and the space therebetween defines the siot 560. A center wall

10
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space therebetween defines the slot 562. An isolated wall portion or post or
finger 5100 18 located adiacent bul spaced from the center wall portion 5106
and the space therehstween defines the slot 564, Post 510D is diametrically

oppased (o post S10B. An end wall portion 108 18 located adjacent but

spaced from the post 5108 and the space therebetween defines the sint 566.

Posts 5108 and 510D extend generally normally outwardly and upwardly
away from the core top surface 414 of filter 400.
The inner surface of selected ones of the portions of wall 5310 is angled

or sioped. An inner angled surface portion 512G 1s located on wall portion

210C. An mner angled surface portion 512D is located on wall portion or post

5100, An mner angled surface porfion 512k is located on wall portion 510k,
Wall portions 510C, 510D, and 510k further define generally

triangulariy-shaped side walls. Specifically, wall portion 510C defines a side

adjacent the post 510D, Post 5100 defines a side wall 514F adjacent the

wall portion $10C and a side wall 514G adjacent the end wall portion 510E.

Wall portion 510k defines 3 side wall 514H adjacent the post 510D,
Wall 520 has an outer surface (not shown) and an inner surface 542.

The outer surface {not shown} is co-extensive and co-planar with the core

side surface 420 and the inner surface 522 is normal with the core top surface
414,

Wall 530 has an outer surface 531 and an inner surface (not shown.
Quter surface 531 is co-extensive and co-planar with the core side surface
424 and the inner surface (not shown) is normal with the core {op surface
414.

Wall 540 has an outer surface (not shown) and an inner surface 542.
The outer surface _{nf}f shown} is co-extensive and co-planar with the core
side surface 422 and the inner surface 542 is nomal with the core fop surface
414

An isolated wall portion or post or finger 700 is defined at the upper left
corner of core 412 in a relationship adjacent and spaced from respective

.....

11
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702. The space between the post 700 and the wall 520 defines a slot 704,
Post 700 defines a pair of generally triangulariy-shaped side walls 709 which
are not covered with metallization and are contiguous with non-metallized

5 700 has a metallized top rim 712, a metallized frant face 708 which is co-
pianar with the core side surface 424 and the outer surface 531 of wall 530,
and a metallized inner angled or sioped surface 710. Post 700 extends
generatly normally upwardly and outwardly from the {op hiter surface 414,
The outside wall 709 of post 700 is co-planar with the core side surface 420

10 and the outer surface (not shown) of the wall 520,
Receive fiter 400 has a plurality of resonators 425 defined in part by a

pitiraiity of through-holes 430 which are defined in diglectric core 412
Through-~holes 430 extend from and terminate in respective openings defined
in the top and bottom core surfaces 414 and 416 respectively. Through-holes

15 430 extend along the longitudinal axis of block 412 in a spaced-apart and co-

inear relationship. Each of through-holes 430 is defined by an inner
cyiindnical metallized side~wall surface 432,

Top surface 414 of core 412 additionally defines a surface-layer
recessed pattern 4440 of elecincally conductive meiallized and insulative

20  unmetallized areas or patterns. A portion of pattern 440 is defined on the top
surface 414 of core 412 and thus defines a recessed filter pattern by virtue of
with the top rim 600 of walls 510, 520, 530, and 540.

he melallized areas may be a surface layer of conductive silver-

25 containing material. Recessad patiem 440 aiso defines a wide area or
patiern or portion of metaltizaton that covers the {op, bottom, and side core
surfaces 414, 416, 418, 420, 422, and 424, and the inner walls 432 of
through-holes 430 and extends contiguously from within resonator through-
holes 430 towards both top surface 414 and bottom surface 416 and may

30 aiso he lgbeled g ground electrode and serves {0 absarb or prevent
transmission of ¢ff-band signais.

The recessed pattem 440 on the core top surface 414 comprises a
plurality of resonator pads 460A, 4608, 460C, 480D, 480F and 480F which at

12
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least padially surround the respective openings of through-holes 430 defined
ort the core top surface 414. Resonator pads 480A-F are contiguous or
connected with the metallization area that extends through the respeciive
S predefermined capacitive couplings 10 adjacent resonators and other areas of
surface-layer metallization.
An unmetallized area or pattern 444 extends over portions of the core
top surface 414 and at least portions of the core side surfaces 418, 420, and
424. Unmetailized area 444 on the core top swrface 414 surrcunds all of the
10 melallized resonator pads 460A-F. Unmetallized area 444 also extends onto
and covers at least top surface siot portions 582, 383, 720 and 724 and side
wall portions 514k, 514F, 5140, 514K, and Y09,
Unmetallized area 444 also defines a generally rectangulariy-shaped
unmetallized area 714 which extends onto a portion of core side surface 424
15  locaied below the front face 706 of post 700 and the slot 702, Another

generaily rectangularly-shaped unmetallized area (not shownj is coupled to
420 {ocated below the outside side face 708 of the post 700 and the slot 704,
A similar generally rectangularly-shaped unmetaliized area 448

the unmetallized area 714 and extends onto a portion of the core side surface

20  exiends onto a portion of the core side surface 418 located below the front
face of the post 510D and the siots 564 and 566.
Surface-layer pattern 440 on the core fop surface 414 additionally
defines a pair of isclated conductive metallized connection areas including a
25 imput/output signal connechion area or electrode 730
Receive signal connection area 610 extends onto a porbon of wall 510
and side surface 418 and, more specifically, onto the inner surface and rim
oortions 5120 and 600 respectively of post 510D to define a swrface
mounting receive signat conductive connection point or pad or contact or post
30 as described in more detail below.
Electrode 610 is located on {op surface 414 adjacent wall 540
Connection srea or glectrode 810 includes electrode portions 611, 812, 614
and 815. Electrode portion 611 is located behbveen resonator pads 460F and
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460F and connects with electrode portion 612 that is located on the inner

surface portion 5120 of post 5100 and connects with electrode portion 611,

Eiectrode portion €14 is located on the rim 800 of post 5100 and connecis

with electrode portion 612, Electrode portion 615 is localed on the outside
S face of ihe post 510D and connects with elactrode portion 614 and is

Antenna connection area or electrode 730 extends onto the post 700
1o define a surface mounting conductive antenna connection point or pad or
contact or post as described in more detail balow.

10 Antenna connection area of melallization or electrode 730 is generally
L-shaped and is located on the core {op surface 414 adjacent the wall 530,
Connection area or electrode 730 includes elactrode porions 731, 732, 733,
and 4608 and connects with electrode portion 731, Elecirode portion 733 is

15  located on the inner surface portion 710 of post 700 and connects with
elecirode portion 731. Elecirode portion 734 is located on the top rim portion
600 of post 700 and connects with elactrode portion ?33 Electrode portion
735 is located on the outer surface 706 of post 700 and connects with
electrode portion 734, klectrode portion 735 is surrounded on all sides by

20  unmetallized areas.

The recessed surface pattern 440 includes metallized areas and
unmetallized areas. The metallized areas are spaced apart from one another
roughly related to the size of the metallization areas and the separation

25 distance between adjacent metatlized portions as well as the overali core
configuration and the dielectnic constant of the core diglectnc maternial.
Similarly, surface pattern 440 creates inductive coupling between the
metallized areas.

With specific referance now o FIGURE 3, low band or transmit signat

30 simplex fiter 10 15 joined or coupied {0 high band or receive signal simpiex
fitter 400 to form and define one embodiment of the duplex filter 800 in
accordance with the present invention.

14
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Filters 10 and 400 can be joined by g wide vansty of methods. For
example, because the outer faces of the side longitudinal core surfaces 18
and 420 of respeactive filters 10 and 400 are covered with metallization, fillers

S respecitive walls 120 and 520 thereo! may be placed in a side-by-side
coupling and abutling relationship and then the filters 10 and 400 can be
heated in a furnace causing the metailization on the outer face of side wall 18
of filter 10 and the metatlization on the ocuter face of side wall 420 of fiter 400
to sinter and fuse together {o form a unitary center metailized interior filter wall

10 BG5S which forms and defines a ground plane extending longitudinally along
and through the cenier of the duplex fiter 800 detween the respeclive first
and second sets of through-holes 830A and 83308 1o advantageousiy
electrically separate and isolate the same. Fiiters 10 and 400 may also be
joimned together using conductive epoxies, soiders or mechanical jomning

15  techniques.

Duplex fiter 800 being, in one embodiment, composead of the
combination of the individual and separate simplex fiiters 1Q and 400, thus
core 812 defined by the cores 12 and 412 of respective fillers 10 and 400,

20  Core 812 defines an outer surface with six generaily rectanguiar sides or

surfaces: a top longitudinal surface 814 defined by the joined top longitudinal

25 diametrically opposed from the core top surface 814; a first side longHudinai
surface 818 defined by the side {ongitudinal surface 418 of filter 400 5
second side longitudinal surface 820 (FIGURE 4) defined by the side surface
20 of filter 10 and parallel to and diametrically opposed from the core side
surface 818: a third side or end fransverse surface 822 (FIGURES 3 and 4)

30  defined by the joined side surfaces 22 and 422 of respective filters 10 and
400; and a fourth side or end transverse surface 824 which s defined by the
joined side surfaces 24 and 424 of respective filters 10 and 400 and is paraliel

o and diametrically opposed from the end surface 822. The core surfaces
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822 and 824 are normal with the core surfaces 818 and 820. The inlerior

fitter wall 805 is parallel to the core surfaces 818 and 820.

Core 812 adaitionally defines four generaily planar walls that extend
of the top surface 8147 iongitudinal wall 810 which is defined by the wall 110
of filter 10; longitudinal wall 824 which is opposed o wall 810 and is defined
by the wall 510 of filter 400; transverse side wall 830 which is defined by the
jcmed walls 130 and 530 of respechve filters 10 and 400; and transverse side
walt 840 which is opposed {0 the wall 830 and s defined by the joined walls
140 and 540 of respective filters 10 and 400.

vWatls 810, 820, 830, and 84U together define a top circumierential im
100G, and walls 810, 820, 830, and 840 and the care top surface 814 together
define a top filter cavity 850. Walis 810 and 820 are parailel and diameitrically
opposed to each other. Walls B30 and 840 are parailel and diametrically

opposed to each other and are coupled to and generally normal {0 the walls

810 and 820.

Longitudinal walt 810 defines a pair of spaced-apart, isolated posts or
fingers 10108 and 10100 defined by and corresponding in location, structure,
and function 1o the posts or fingers 1108 and 110D respectively of filter 10,

the description of which is incorporated herein by reference. Post 10108 is

located adjacent wall 830 while post 1010D is located adjacent opposed wall
840

'Opposed longitudinal wall 820 defines a pair of spaced-apart, isolated
structure, and function to the posts or fingers 5108 and 510D respectively of
filier 400, the description of which is mcorporated herein by reference. Post
15108 is located adjgcent transverse wall 830 and is diametrically opposed to
the post 1010B. Post 1510D is located adjacent transverse wall 840 and is

Transverse side wall 830 defines an isolated generally centrally
lacated post or finger 1210 which 18 defined by the coupling together of posts
or fingers 300 and 700 of filters 10 and 400 respectively and, more
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709 thereof into an abutting relationship.

iter 800 further comprises a central interior longifudinal wall 842
which is defined by the joined walis 120 and 520 of respective filters 10 and
430 and extends in a longitudinal direction through the canter of tilter g00
from the wall 840 {0 a point short of the opposite wall 830, Wall 844 extends
upwardly and outwardly away from the core top surface 814 of filter 800 in a
refationship paraliel 1o and spaced from the walls 810 and 820, Wall 842
spiits, divides, and isolates the filler top surface 814 and cavity 850 into
respactive generally rectanguiarty-shaped upper and lowsy, generatly paraliel
and adiomning transimit and receive filler sections or cavities 852 and 854
respactively.

Cavity or section 852 is defined between the respective filter walis 810
and 842 while cavily or sachion 854 is defined between the respective filter
walls 820 and 842,

Section 852 includes a pluraiity of resonators 825A defined in part by a
piurality of resonator through-holes 830A and a pattern 840A of electnically
core iop suface 814 defined by and corresponding in location, structure, and
funchon 1o the resonators 25, through-holes 30, and pattern 40 respectively of
filter 10, the description of which is thus incorporated herein by reference.

Through-holes 830A extend longitudinally along the core top surface
814 of the block/core 812 in spaced-apart and paraliel relationship above and
exfends through the core 812 and terminates in respective openings defined
int the respective top and bottom surfaces 814 and 816 of the core 812.

The pattern B40A, post 10100, and post 1210 of filter 800 includes
respective strips of conductive material 1211, 1212, 1214, 1330, 1333, and
1312 defined by and corresponding in location, structure, ang function to the
reapactive sirips of conduchve matenal 211, 212, 214, 330, 333, and 312 of
pattern 40, post 1100, and post 300 of filter 10, the description of which is
thus incorporatad herein by reference.
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Section 854 includes a pluraity of resonators 8258 defined inpart by a
plurality of resonator through-holes 8308 which are diametrically opposed
and parallel {0 resonator through-heoles 830A and a patiern 8408 of

electrically conductive metallized and insulative unmetailized areas or

pattems on the top surface 814 defined by and corresponding in location,
structure, and function o the resonators 425, through-holes 430, and pattern

440 respectively of filter 400, the description of which is incorporated herein
by reference.

Through-holes 8308 extend longitudinaily along the blockicore 812 in a
spaced-apat and parallel relationship beiow and paraliel 1o central intenior
wall 842 and the through-holes 8304, Each of the through-holes 8308 extand
through the core 812 and terminate in respechive openings defined in the
respective top and bottom surfaces 814 and 816 of core 812.

The pattemn 8408, post 15100, and post 1210 of filter 800 include
respective strips 1611, 1612, 1614, 1730, 1333, and 1334 of conductive
material defined by and corresponding in location, structure, and funclion 1o
the respective strips of conductive matenial 611, 812, 614, 730, 733, and 734
of pattern 440, post 5100, and post 700 respeactively of filter 400, the
description of which is thus incorporaled herein by reference.

The pattems 840A and 840R additionally include a fayer of

metallization which covers the exterior filter surfaces 818, 820, 822, and 824;

the exterior, interior, and nim of each of the walls 810, 820, 830, 840, and 842;
and the interior of each of the resonator through-holes 830A and 8308 with
the exception of the unmetaliized regions or areas 1448, 1714, and 1715 on
the respective core side surfaces 818, 824, and 820. The unmetallized
regions 1448, 1714, and 1715 are located below the posts 19100, 1210, and
10100 respectively.

Thus, in the embodiment of FIGURE 3, the transmit signal connection
finger/post/padiefectrode 10100 is located on the longitudinal wall 810 of filter
80Q; the receive signat conneclion finger/post/pad/elecirode 15100 18 locatad
on the opposite longitudinal wall 820 of filter 800 in a relationship diametrically
opposed fo the pad 1010D; and antenna connection fingsr/post/padielectrade
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1210 is located on the transverse wall 830 which couples the walls 810 and
820.
Additionally, it is understood that the central interior wall 842 isolates

and separates the respective fransmi and receive filter sections 852 and 854,

the respective {op surface metaliization patterns 840A and 8408, and further

that the respective through-holes 825A and 825R.

Tuming now to FIGURE 4, duplex filter 800 is shown therein mounted
to a generally planar rectangular-shaped circuit board (PCB) 800, In one
embodiment, circuit board 900 is a printed circuit board having a top surface
902, a bottom surface (not shown), and a plurality of side surfaces 803, 804,
905, and 806, Circuit board 900 has a board height BH that is measured
along side 906 between the PCB top surface 902 and the bottom surface (not
shown}. Circuit board 800 additionally includes plated through-holes 825 that
form an electrical connection between the PCB top and bottom surfaces.
surface 802 and connected with ferminals 914, Circuit fines 910, connection
pads 912, and terminals 914 are formed from a metal such as copper.

Terminals 814 connect duplex filter 800 {0 an external electrical circuit {(not

shown .

Duplex filter 800 is mounted 1o the PCB 800 in g top side down

refationship wherein the core top surface 814 is located opposite, parallel to,

and spaced from the top surface 802 of PCB 900 and the rim 1000 defined by
the walls 810, 820, 830, 840, and 842 of filter 800 is seated on and soldered
to the top surface 902 of PCB 800G, In this relationship, the cavily 850 defined
by the tilter 800 18 partially sealed 1o define an enclosure gefined by the top
surface 814, the board surface 802, and the walls 810, 820, 830, 840, and
842.

it is further noted that, in this relationship, the generally verticst
slongated through-holes 830A and 8308 in duplex filter 800 are defined and
oriented in a relationship generally substantially perpendicular to the PCB 900
wherein the openings of the respective through-holes B25A and 8258 face,
and are spaced from, the board top swrface 802
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In the coupled relationship of FIGURE 4, the antenna connection post
or pad or electrode 1210 and, more specifically, the metallized rim portions
1312 and 1334 thereof on the rim 1000 are seated on and coupled to oneg of
the metallized connection pads 812 of PURB 900 by solder 920. Similarly,
S transmit signal post or pad 1010D and, more specifically, the metallized rim
portion 1214 is seated on and coupled o another one of the conneclion pads
912 on the hoard 500 by solder 920. Moreover, receive signal post of pad
15100 and, more spectiically, the metailized aom poriion 1614 thereot s
ikewise seated on and coupled to yetl another connection pad 812 on the
10 board top surface 802, The connection pads 912 in turn are coupled (o the
respective circut lines 910,
it is noted that the location of the transmission/input and receive/output
connection pads 1010D and 15100 on opposite iongitudmnal sides of the filter
800 advantageously reducses interference and cross~talk and further allows
15 the respective transmission/input and receive/output circutt lines 810 to aiso
be located on opposite fongitudinal sides 903 and 906 of the board 800
create better isolation and reduce interference betweean the respective circuit
lines.
Circuit board 800 also has a generally reclangular-shaped ground ring
20 orline 930 disposed on the top surface 802 that can be formed from copper
and on which the rim of the respective electrodes and filter walls are attached
by solder 935 (only a portion of which is shown in FIGURE 4). For example,
solders 920 and 935 are first screensd onto ground ring 930 and connection
pads 912 respectively. Next, duplex filter 800 is placed on top surface 202
25 such that electrode portions 10100 and 1210 are aligned with connection
pads 812, Circuit board 900 and duplex filler 800 are then placed in a reflow
oven to melt and reflow solders 820 and 935.
The aftachment of the rim 1000 of the respective walls 810, 820, 830,
840, and 842 to the ground ring 930 forms an selectrical path for the grounding
30 of the majonity of the outer strface of duplex fiter 8Q0.
As shown in FIGURE 4, duplex filter 800 has alength L, awidth W, a
height H and a resonator length RL fhal is equal to H. For higher frequency
filtars that typically operate above 1.0 GHz, the design of the duplex filter 800
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may require that the resonator length {(RL) be less than or shorter than the
surface seated flat on the board (top surface facing up) or with one of the side

suffaces seated flat on the board {top surface facing sideways), and where

the resonator length becomaes shorter then the board height, the filler can

become unstable at higher frequencies when attached to the circuit board.
Additional eiectromagnetic fields can be created that interfere with and reduce
the atitenuation of the filter. These additional electromagnetic figlds ¢can also
reduce the attenuation and sharpness of the attenuation at the filter poles
also known as Zero points.

The use of duplex filter 800 of the present invention with recessed top

surtace pattemns 840A and 8408 on surface 814 facing and opposie the

board 800 provides improved grounding and off band signal absorption;
confines the electromagnetic fields within cavity 850, and prevents external
glectromagnetic fields outside of cavity 850 from causing noise and

interference such that the attenuation and zero points of the filter are

The present invention allows the same footprint (length L and width W)
o be used across multiple frequency bands. Prior art filters typically reguire a
size or foolprint that would either need {0 increase or decrease depending
upon the desired frequency to he filtered. Filter 800 can have the same
overall footprint and still be used at various frequencies.

Another advantage of the present invention is that, during solder
reflow, filter 800 tends to self align with the ground ring 830 on the PCR 900,
Filter BOO exhibits improved self alignment because the surface tension of the

tquid solder Y35 during refiow is distributed equally arcund the rims between

ground ring 830 and the rims providing self-centering of the core 812

The use of g duplex filter 800 also eliminates the need for a separate
axternal meial shigld or other shisiding as currently used {0 reduce spurious
gleciromagnetic interference fncumred, as the walls 810, 8240, 830, 840, and
842 and board 800 provide the shielding. Shislding could still be added,
needed or desirad, to filter 800 for a specific application.
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The present invention also provides improved grounding and confines
the electrical fields within cavity 850 to create a filter 800 which exhibits

steeper attenuation. As a resull of the use of an interior cavity wall 842,

pads in the respeactive ransmit and receive sections of the filter 800, thus
allowing better harmonic suppression over conventional filters.

This present inventicn also further allows for the placement of input,
output and antenna elecitrodes along any edge or wail of the hiter 800,
Although not shown, in one embodiment, the antenna eiectrode can be
placed on the same side wall as either the transmitiinput or receive/output
electrodes or pads of the filter. In prior art surface mount filters, all of the
electrpdes are reguired {o be on the same surface plane of the diglectric
biock.

Recessed patterns 840A and 840B still further create a resonant circuit
that includes a capacitance and an inductance in series connected to ground.
The shape of patterns 840A and 840B determines the overall capacitance
and inductance vaiues. The capacitance and inductance values are designed
{o form a resonant circult that suppresses the frequency response at
frequencies outside the passband including various harmonic frequencies at
integer intervais of the passband.

While the embodiment shown depicts cavity 850 as being formed
adjacent top surface 814, i is noted that the cavity and corresponding wails
defining the same may be formad on any one or more of any of the other
surfaces of the filter 800.

i stilt other embodiments, cavity 850 may only cover a portion of a
surface or side of core 812. For example, cavity 850 may only encompass
ters {10%) percent of the area of top surface 814, In another embodiment,
multiple cavities may be located or formed on the same side or surface of
core 812 by respective additional wall{s).

The present invention still futher advaniageously allows a duplex filter
800 to be formed simply by coupling together respective standard and

simplex filters, thus simplifying the manufacturing process and reducing cost.
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A duplex filter 800 having a length L of 16.17 mim., a height H of 5.1

microwave office computer simulation software. Simuiated filter performance

parameters are listed in TABLE 1, below.

Table 1

' High Pass Band 925-930 Megahertz (MHz
Low Pass Band - 880-015 Megaheriz (MHz
' {solation - 35.7 dB at 918 MBHz

FIGURE 5 is a graph of signal strength {or loss) versus frequency
demonstrating the specific simuiated performance of duplex filter 800 in
accordance with the present invention which shows that the low passband or
transmit passband is between 880 and 915 MHz; the high passband or
receive passhand is between 925 and 860 MHz; duplex filter 800 has a peak
isolation (823) between the receive and transmit ports of -35.7 dB at 918 MHz
which i1s an improvement over prior art duplex filters; duplex filter 804 has an
S12 value of -45 dB at the end of the transmit passband at 815 MHz; and an

513 value of -59 dB at the end of the receive passhand at 927 MHz.

The present invention can be applied to an RF signal filter operating at

a variety of frequencies. Suitable applications include, but are not limited to,

cellular telephones, cellular telephone base stations, and subscriber units,
Other possible highet frequency applications inciude other telecommunication
devices such as sateliite communications, Global Positioning Satellites
(GPS), or other microwave applications.

Numerous varigtions and modifications of the embodiment describad

above may be effected without departing from the spirit and scope of the

novel features of the invention. His 1o be undersiood that no limitations with

respect to the specific filter Hiustrated herein are intended or should be

maodifications as fall within the scope of the claims.
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Claims:

P claim:

1. A filler comprising:
a core with a top surface, g botiom surface, and side surfaces, said
core defining a first and second set of spaced-apart through-holes, each
through-hole extending through the core from an opening defined in sad {op
surface to an opening defined in said bottom surface;

at least first, second, and third posts extending outwardly from said top
surfgce; and

a swrface-layer pattern of metaliized and unimetaliized areas on said
core, said pattern including a first connection area of metallization located on
said top surface and extending onto said first post, a second connection ares
of metallization located on said top surface and extending onto said second
vost, and a third connection area of metallization located on said top surface
and extending onto said third post.

2. The filter of claim 1, wherein sach of the first, second, and third
posts defines a top rim adapted to be seated against a top surface of a
printed circuit board.

3. The filter of claim 1 further comprising at feast first, second, and

third walis extending upwardly from said {op surface, said #irst, second, and

third posts being formed on satd first, second, and third walls respectively.

4. The filter of claim 3, wherein the first and second walls are

opposed 1o each other and the third wall connects the first and sscond walls.
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second set of spaced-apart through-holes respectively, each of the first and

second blocks including at least one ouler metallized ouler surface defining
S an intenor layer of matallization when said first and second biocks are

coupled {ogether along said respective outer metaliized outer surfaces.

6. A filter comprising:
a block with a top surface, a bottom surface, and at least one side
10 surface, the block defiing a first and second set of through-holes extending
between respeclive openings defined in the 1op and bottam surtaces;
& plurality of walls extending cutwardiy from the op swface; and
a pattern of metallized and unmetallized areas defined on the top
surface of the block including an input electrode defined on the top surface
15  and extending onto one of the walls, an output electrode defined on the top
surface and extending onto one of the walls, and an anienna electrode
defined on the top surface and extending onto one of the walls.

7. The fitter of claim 8§, wherein the plurality of walls and the fop

20 surface together define a cavity in the filter.

8. The filter of claim 8, wherein one or more of the pluraity of walls

defines a plurality of slots defining at least first, second, and third posts, the

25 third posis respectively.

9. The fitter of claim 8, wherein the first, second, and third posts

are defined on different ones of the plurality of walls.

30 10, The filter of claim 8, wherein ong of the plurality of walls
separates the pattern defined on the fop surface of the block.
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11, The filter of claim 8 further comprising an interior wall of
metallization in the block which separates said first and second set of

through-holes.

12.  The filter of claim 11, wherein the biotk 15 composed of first and

second separate blocks which have been coupled {ogether and define said

first and second set of through-holes respectively.

13. A filter comprising:
3 core of dielectric materal including an outer swface with a pattemn of

metaliized areas;

a first and second sat of through-holes extending through the core and
terminating in openings in the ocuter surface; and

at least a first wall formed on the outer surface which separates the
respective openings of said first and second set of through-holes.

14.  The filter of claim 13, wherein the core includes an interior layer

of metallization which separates the first and second set of through-holes.

15. The filter of claim 14, wherein the core is comprised of first and

sscond blocks of diefectric material defining said first and second set of

through-holes respectively and which have been coupled fogether to define

said interior layer of metallization.
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