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RADI O FREQUENCY FI LTERS Background of the Invention 2
1650985 = The present invention is related generally to radio
fe equency (RF) signal filters, and nore parthuFarIy to an inproved

si ngl.e-bl ock ceramic filter that is particularTy well adapted for use in
radig—(ransnftting and receiving circuitry. 10 Convent i onal

mul ti-resonator filters include ' e s that are
typically foreshortened short-ci %&?ﬁ%‘r’ e??mggg?g%t h coaxi al or
helical transmi ssion lines. The resonators are arranged in a% rﬁ%g@
encl osure andg@@kdzgdﬂauéﬁiggéx;ﬁﬁgﬁig%none to 15 another by ge t'uY &s¥in
their common walTs. Each resonator can be tuned by neans of a tuning screw
which inserts into a hole extending through the nm.ddle of the resonator.
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becom ng detune creates additional p
mechani cal | o@&GPIHErY¥ he tuning screw and arcing between the tuning screw
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circular Bdies Is adju§¥e by varying_ the depth of slots,or the size  an

location of ad@n iRguned & mgq%%rgggatﬁgngng screw which inserts into a
hole extending through the middle of the resonator. Once
tuned, the overall response of the filter is primarily
determined by the size of the interstage coupling

20 apertures. Since the tuning of such filters can be

' disturbed by a slight adjustment of the tuning screw, a lock
nut is required to keep the tuning screw properly positioned
at all times. The use of tuning screws not only renders
these filters susceptible to becoming detuned, but also

25 Creates additional problems including mechanical locking of
the tuning screw and arcing between the tuning screw and the
resonator structure. Furthermore, such filters tend to be
rather bulky and therefore are relatively unattractive for
applications where size is an important factor.

30 These problems have been solved to some degree by the
single-block ceramic filters of the type shown and described
in U.sS. patent nos. 4,426,631, 4,431,977 and 4,464,098. 1In
particnlar, the filter described in the U.S. patent no.
4,431,977 includes a dielectric block having a plﬁrality of

35 circular holes coupled to one another primarily by the way
of the dielectric between tpem. Coupling between the
circular holes is adjusted by varying the depth of slots or
the size and location of additional holes, rendering the
tuning of such filters both complicated and difficult.



tunlpg of such filters both conplicated and difficult. , Furthernore, the
| ocatign of the input and output.el ectrodes=near the ground plating creates
undesjred capacitive |oading. 5 Sunmary of the Invention Accordingly, the
present invention provides a filter in accordance with independent clains
1,7 and 8 Eixkhe @ 1Bhet 1agatirn L hacinpytnerd wukbut aphectrodes
Accor di ng nea¥ the tdesuhd@apLaeing éheaaésswaeéﬂfeatéaﬁaciﬁfveonaahamﬁgveans
may cor‘g)ri se first and second 15 20 25 30 35 This is the replacenent sheet
Dat e: 17/ 07/ 91 -3- electrodes respectively, which may be isolated from
the conductive material coverSummahy dfcthefInvebtiboh by 5 substantially
“surrounding the first and second el ectrodes wi th conductive material from
~the adjacent hole. Thus, the filter has a pole/zero frequency response
characteristic that #%c‘éﬁ%i-!“?llfun'éhletbr%%tdénmtb@nrmr@vﬂégsr adfpdserand

st op bandsin td€cordente ofith ethdésehaséhenélaifis CoUpl ARG Hehn@en $RAigol es
is Sulbff antmal]%/ reduced aﬁ‘? in a &lefﬁéﬁd enbodi ment, the isolated input
and o é)ut’ﬁ%’c $HAR FFRPRILRCE HLER € et®rical signal coupling between
the input and out putAeterdingletoaadfuttheri fehtargnat theupresent
.invention ¢ the coupling ‘neans may comprise first and second
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15 Description of the Drawings Referring to Figure 1, there is illustrated
a single-block dual -passband ceramc filter 100 enbodying the 20 present
gnvention. Filter 100 provi des both pass=-aBd=stop bands in a single block.
Filter 100 includes a block which is conprised of a dielectric material

t hat™¥s sel ectively covered or plated with a conductive naterlal Filter
100 can be cehectuodes zespegtivelyh| whdich aesr be igodatad dram Ahe s

| ow-10ss, a Ebﬂ&u@t&b@%&t&r&@lsmbﬁ% %ﬂ@‘dﬂe@.‘%ﬁ@ﬂﬁ.c@@fﬁy cient of
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escribed in nore ai
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enbodi nent oS efpdrd _ qlse‘{}rsrelocﬁlb COver orgl% {e t he
bl ock with abethe@hﬂtndprpuhuknd|qu£punezlentrdaéseandiile¢tﬁlmﬁk seven
hol es 102, gé q. 110, 112, and 114 havi ng an el ongat ed. cr oss
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secti on, tend fromthe 10 top surface to the bottom surface
t ereof lSFbIes 102, 104 106, 108, 110, 112 and 114 are |likew se pl ated.

Description of the Drawings

Referring to Figure 1, there is illustrated a
single-block dual-passband ceramic filter 100 embodying the
20 present invention. Filter 100 provides both pass and stop
bands in a single block. Filter 100 includes a block which
is comprised of a dielectric material that is selectively
covered or plated with a conductive material. Filter 100
can be constructed of any suitable dielectric material that
25 has low-loss, a high dielectric constant and a low
temperature coefficient of dielectric constant. In the
preferred embodiment, filter 100 is comprised of ceramic
W, : compound including barium oxide, titanium oxide and
zirconium oxide, the electrical characteristics of which are
30 similar to those described in more detail in an article by
G.H. Jonker and W. Kwestroo, entitled "The Ternery Systems
Ba0-Ti0,-5n0, and Ba0-Ti0,-2r0,, Published in the
Journal of the American Ceramic Society, Volume 41, no. 10
at pages 390-394, October 1958. Of the ceramic compounds
35 described in this article, the compound in table VI having
the composition 18.5 mole percent BaoO,



Al t hough filter 100 is shown with seven holes, only two hol es need be
utilized in practicing the present invention. 15 - Each hol e 102, 104,
106, 108, 110, 112 and 114 is further separated one from another by

unpl ated capactitive strips such as 130 ard 131. Moreover, each hole is_-,
conpl etely surrounded by capacitive strips, such as strips 130, 131, 15&%
141 surrounding haol e 106. The 20 width of the capacitive strips 130, 131 is
adj usted to reddnffcmode Rexrctsde Tilm &Rk 4 ch Bk Peficety o Aprandd by

hol es 106, 108haRdng04 di®d dotrilte comrdirn®Ofagpiod initdly (40 fd ey The
wi dt h of capaciti,ve:

strips. _14Q 1is adjusted tor nat e .t he
transmission | PH 58 p#('ﬂrguf? f%‘r#é’tf P R Pde- SR 1@%% the (PReseRSband
of the transm titwenftilobsr. According to an inportant feature of the present
i nvention, gStrips 1 \J (ﬁﬁggq%a | | ing megg hal es, 106
and 108 and hol es 133‘%2% %g%ﬁ;rce}séﬁgc Ive y#o%l%p'fg%‘d&céén% ]gﬁc'orr poncf?rng
30 zero either sddyexr ds peledy theqyersignhPlete igheblionk wdigh mn 130 and

131 further inghuderSica139 d¥ndltaasst Middras SO Fibler NOE LRI 1wt Pt veen
adj acent holes 106 and 10‘d%ﬁf % 106, respectiyvely can be easi]y

04 and , I
adi Usted by si@EVEDr BeEnd GA iUy, Q&R diieci k2 20 sk be e
been uti | j[zed lafh Tbél©n(gra®°5eﬁ r@d;lse;n‘mui: . I, v&fi}clﬁLéddgbL&m@f cfiony echie Vi ge
or circuitry can be -5- utiliz t0 resonate eac ole r, a an
ohch pair 0P habes S, &8, HHE Fonndel ai tace FHekdRE T BSOS (e,
100 in Figure 104&l,sd06nclld8gs 1dI0cti&landl A0 4 e diidkeddiisd qplatadid i ng
I nput/ out put si het:qt.J f.ar gﬂ%p '5§¥g, t e 120
is coupled to '[Aﬁ'gﬂga"gg‘uglgf%rr gr?sdmrits% &?‘%,ﬁeﬁrﬁé ro eqHZ 1S (glé)]ie}f)lée A

: AA to
the input of rbediegemersh beatidiizad dde Prasticing the present s
invention.
15 Each hole 102, 104, 106, 108, 110, 112 and 114 is

further separated one from another by unplated
capactitivé strips such as 130 and 131. Moreover, each
hole is completely surrounded by capacitive strips, such
as strips 130, 131, 140, 141 surrounding hole 106. The
20 width of the capacitive strips 130, 131 is adjusted to
resonate the odd que transmission lines or zeros formed
by holes 106, 108 and 104, 106 in the stop band of the
transmitter filter. The width of capacitive strips 140,
141 is adjusted to resonate the transmission line or pole
25 formed by hole 106 and ground in the passband of the
transmitter filter. According to an important feature of
the present invention, strips 130 and 131 provide
capacitive coupling between holes 106 and 108 and holes
104 and 106, respectively for producing a corresponding
30 zero either above or below the passband of filter 100.
Strips 130 and 131 further include sinusoidal shaped
portions so that the coupling between adjacent holes 106
and 108 and 104 and 106, respectively can be easily
adjusted by simply removing plating. Although capacitive
35 strips have been utilized in the preferred embodiment,
any suitable capacitive device or circuitry can be



coupled to antenna 190. In this duplexer enbodinent, filter 100 provides
two passbands for applying:the RF 10 signal fromtransmtter 170 to antenna
M0 and applylng the RF signal received by anternna 190 to receiver 180.
Filter 100 is |ikew se applicable to any suT?abl e si gnal comnbi ning/sorting
applftﬁilon wher e S|gnals in two different frequency bands are applied to

or received from C anot her feature of the
present inventi or‘f‘]‘:“:i eszd§ a'fﬁjAél%%; &?If’%’f 510501:‘?1 #FYuFRCY BRLT
substantially SurQﬁ)lhﬂieQS b@on he zgnaiiny poactiaing the hphesest 10@vemtiddd,
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different frequency bands are applied to or received from

15 a cbmmon device.

According to another feature of the present
invention, electrodes 120 and 122 in filter 100 in Figure

1 are substantially surrounded by the plating associated
with holes 102 and 114, respectively. As a result,

20 electrodes 120 and 122 are substantially isolated from
the rest of the plating on the dielectric block which is
coupled to electrical signal ground. Since electrodes
120 and 122 are isolated from electrical signal ground,
undesired capacitive coupling to electrical signal ground

25 1is minimized thereby improving the electrical
characteristics of filter 100,

Also illustrated in Figure 1 is a bracket 150 which
is attached to filter 100 for facilitating mounting of
filter 100 in other apparatus such as a radio transceiver

30 and also for further reducing undesired out-of-band
responses. Bracket 150 includes strips 152 which are
oriented above corresponding holes in filter 100. Since
strips 152 only cover corresponding holes, capacitive
strips 130, 131 may be tuned when bracket 150 is attached

35 to filter 100. Tabs 154, 156 and 157 assist in
positioning and holding bracket 150 on filter 100.



cables which are in turn coupled to el éctrodes 120, 122 5 . and 124 of
filter 100. Referring to Frgure 2, there is illustrated a corr.e- sponding
electrical circuit for filter 100 in Figure 1. Filter 100 includes seven
pol es 202, 204, 206, 208, 210, 212 and 21[?”Iﬂﬁfl|y created by
correspondi ng holes 114, 10 112, 110, 108, 106, 104 and 102, respectlvekgg

broduce. hZSrZEE’%f’V%?&s-*aE?S’;W?%J dddie o E5adRée, 205 EOFCL IR RS, |
produce the trafeans &f seddenine maqeargomtseq)rsmﬂl,etmmmg meansh t he

15 antenna. The Taban3158s wa3n td r@&damgédﬂ&&fcm g% %@@: 210,
212 and 214 are a?;uste prlnarlly b adjustlng e hel ght cﬁ the ceram c

bl ock. The vari &3PdeSa 3 oayp ledhto gjectrades 1120 2 102 2ind
214 may be &dj uaned 112y Uﬁﬂﬁmnu;nﬂuuong near capaC|t|ve 20 strips (such as

140 and 141) near th ' hol es, ( h as 106 Filter
100 al so incl udes si %e?ee%%?%fo "2%? TS ok aﬁé R SUERRTh
reprgsent egl by @O@ddn@@dgmbzgzdnr;ﬁ%ém efitlarb oyl (Hﬂjﬁﬁ@'ﬁé%}ﬂ eg.gand
an adjustabl e cagagihaned IncA L baver 1OI1APAIA | Vocst TS A8 09

ter amd ‘0 6

and 254 produce a st opb an transm t reqdenC|éS
258, 260 and 26213r 889c&14 ﬁrdmﬁ&Yatcrmetqde mrqusezgmaeshomse 114,

capaci tance10f 26129s1393, 1934, 12%5, 1248.andq g2nd x?efs?p Lyl it t
renovi ng platln% 39 Eﬁ r ca aC|t|ve S&;I 1(such betmeen a | acent
hol es (such as t86LEHdBP48) transmissl foa Bffus, ﬂi} ang 1204 hei ght of
the ceram c bl opkimadilly peoduceg qheatnem@ﬂm paRisnd ve,rﬁt rpdles fagg er
300 oA hanaereRbp, Bi2veH® ath deibkaty BRI BRI o7 S
recei ver frequenéysbegéons§§1¢020§nd84®¢imarlly turned to match the
15 antenna. The transmission line lengths of poles 202,
204, 206, 208, 210, 212 and 214 are adjusted primarily by
adjusting the height of the ceramic block. The variable
capacitance of poles 202, 204, 206, 208, 210, 212 and 214
may be adjusted by removing plating near capacitive
20 strips (such as 140 and 141) near the sides of
corresponding holes (such as 106). Filter 100 also
includes six zeros 252, 254, 256, 258, 260 and 262 which
are each represented by an odd mode transmission line
created by adjacent holes and an adjustable capacitance
25 created by the capacitive strips. Zeros 252 and 254
produce a stopband at the transmitter frequencies, and
zeros 256, 258, 260 and 262 produce a stopband at the
receiver frequencies. The capacitance of zeros 252, 254,
256, 258, 260 and 262 may be adjusted by removing plating
30 near capacitive strips (such as 130) between adjacent
holes (such as 106 and 108) in filter 100. Thus, by
adjusting the height of the ceramic block and by removing
plating near capacitive strips, filter 100 can be tuned
to provide two different and selective electrical signal
35 passbands. -
In Figure 5, there is illustrated typical
transmitter and receiver frequency responses 402 and 404



-7- of filter 100 which has been tuned to a transmtter passband of 453 M+
to 457.475 Mz and a receiver passband of 463 MHz to 467.475 Mz,
kespectively.” The corresponding antenna return [oss for the same filter is
5 fllustrated by waveform 502 in Figure 6=7=A filter 100 exhibiting
subs®»anti al I'y the same el ectrical characteristics as illustrated by the

waveforms in Figures_5 and as. th ol | pwi ng_appr.oxi mat ' ' , 81.3
mnin |ength, 30. nﬁ*}ﬁeﬁﬁg9ﬁ ghbcgoLﬂs FR Eﬁgeﬂefgh?,%ﬁgbgﬁg?g%SZted
hpgfﬁ_hgy}ng appr passband dofieAS8 oMBzoto1452 . witbi HHzeagdh aameceigerm in
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ground. Accorgling; i pygefgpbd" ByOhalBEorneSOR! 1hN¥egLren6.cl aciPioderliQo s
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i I'lustrated more exBAPLELING FPSﬁ én§13géYeF fg8PB& #@F§§r%6f} 104 and 106.
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their centers. ActoBUFRE Sog98tgaﬂ8fh§&efggﬁéfglg ggkgggfgggﬁ%oﬁhggﬁﬁéﬁﬁyw
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resul t, the total scappsi #30ed 380apdi 140dl4d BeTrosuRiDholes 102, 104 and

15 106 and isolate electrode 120 from electrical signal
ground. According to a feature of the present invention,
electrode 120 is substantially surrounded by the plating
associated with hole 102. Also illustrated more clearly
in Figure 3 are elongated holes 102, 104 and 106. Holes

20 102, 104 and 106 have an elongated cross section and are
substantially parallel along the direction of elongation
and colinear along their centers. According to yet
another feature of the present invention, undesired
coupling from hole 102 to non-adjacent hole 106 is

25 mninimized by using holes having an elongated cross
section.

Referring next to Figure &4, there is illustrated a
top view of an alternative embodiment of the ceramic
filter of the present invention. Filter 300 includes

30 wunplated capacitive strips 320, a rectangular hole 302
and a circular hole 304. In addition, plated areas 306
and 310 associated with holes 302 and 304, respectively
are separated from one another by plated area 308. As a
‘result, the total capacitance coupling hole 302 to 304

35 is comprised of the combination of the capacitance of the
capacitive strips between plated areas 306 and 308 and



35 is conprised of the conbination of the capacitance of t.he capacitive
strips between plated areas 306 and 308 and -8- 'pl ated areas 308 and

310. The equival ent capacitance between holes 302 and 304 is in this case »
the total of the capacitance for the capa®8i-tive strips 320 between pl ated
areas 306 and 308 and pl ated areas 308 and 310. 5 Thus, the size and ¥¥
shape of the holes and additional strips can be utilized in various

enbodi nent s of PLRsedepzrRs B0Bt @ndoBltthe Fhes equivialent epacitanedmry, a

uni que sijng! e-gbgg&eﬁehame%dfaioltzt ahgh@?z.bqesg i%e?&{ﬂsb%idé‘aihér?%bdylmdtﬂe one
or nore desire ass _and s nds. , ytilizing capacitive strips
around each hoFQeoFagﬁgflé@P&ﬁi g%%l r,caa?aﬁélté‘/vfersd:rflr%éqﬁiiﬁ)c?erté?ﬁ%se
characteri sticplatadhiaread. 306handn3&8 iand qdratedc driddser30ararae Haki | y
tuned sinpky b noying plati fh t FNUsQiidal t] of  the 15
capaci ti vegst rl“yff)'glgar \c‘?h%d sgggh a%'gl g.h%‘rﬁ?elz‘% ?\cla%eiﬁlgec 3318{ aérfﬁc}'stfilqn[a&r of the
present invent stnipayche bevatiddeeds|ip wariousd embogripentis aff &hs gnal

combi ni ng/ sort g apRR! iFGale@N oWNHR PRe s¥nt R eHtddR .S are applied to or
received froma common devi ce. -9- Cains 5 1. Afilter co _risin%éﬁs(a
om

dielectric bl ock colfr SY¥BBaEH .a auBiaye sdngdeshblack cenamicn Filder
and side surfapeen daisdriibledothatdmalyderdwildacohedlort MR rd eaflrdd bl ock
bei ng subsligntially cqgvered c%}u ti.v.e .material ... and the

conduct i ve' coaPPR§ 8P80r?§°8f w?élg&a'Si 42408 FAPRG L Ve s rill'»’os

around each hole of the ceramic filter, a pole/zero
frequency response characteristic is achieved. The

inventive ceramic filter can be easily tuned simply by S
removing plating from the sinusoidal portions of the

15 capacitive strips around each hole. The single-block
ceranic filter of the present invention may be
advantageously utilized in any suitable signal
combining/sorting application where one or more signals
are applied to or received from a common device.
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ontq a portion of the top surface; a plerality of holes, having surfaces
substantially covered with a conducti‘ve material, extending fromthe top
surface of the dielectric block 15 toward the bottom surface thereof and
havi ng openi ngs oh.the top surface oflaimsdi el ectric bl ock, said openings
bei ng di sposed at a predeterm ned distance fromone another; first and
.secand ogralg?ngans coupled.to a 20 first hole and a second hol e,
respect] vety,® of 5570 PPEPEFFI990f hol es; and capacitive means including
first and second el ectaoditeheatsicaohockhnponseiised afcandielevertisteri al

.covering Gt AN £g ' REyiAY 9b! H8cLinsohd digloLlibhces PLOgh: 'he
conductive material _of  sal irst el ectrode neans an é_cobnducti ve
material GHOLEAW AR oFHAR| Berfages nefnkhectiglestmiedbleckneeindduct i ve

mat gri al cgusmrb@%aamfyrewe?;avﬂt? &fcéga\dc@iﬁéazhé{:&rﬁélggéﬁa,gaed_ the
conductj ve, st erL,i o) i ipst el ectrode nmeans_and_ the conducti ve
rarer 138 GrORfet £ ol fa ohohng O L8ES 4TI "R aRBE hERCERALHG ng
separ at ed dntemarpoxahbeneef byha poptsunfatet he top surface of said
di el ectric block not cvgigfaPyr{n fcRgggggiﬂngﬁ%egﬁggaggg having a

I n

predeterm ned width for ca aC|t|ve4g |ntercou€, sald_ 35 two holes, and
the condudURRLIREEIILY SPVeFefc¥ith oRecordugtive raterif@lsecond el ectrode

neans furtdeterdimg separthedtdposutheceosti the 0diéhectonduplogk coating on
(1 ' Vibese ko erigndseorts LUE-AP 2481 RE5iL BMALALE BPLL° o
covered byhmytepneiuctage Ifi thesdiebectpiackheck, shasd Orenings 17/07/91
being disposed at a predetermined distance from one
another; - ) ' _
. first and second coupling means coupled to a
20 first hole and a second hole, respectively, of said
plurality of holes:; and
_ capacitive means including first and second
electrode means each comprised of a conductive material
.covering a portion of the top surface of said dielectric
25 block, the conductive maﬁerial of said first electrode
means and the conductive material of said second electrode
means being coupled to the conductive material of two
holes, respectively, of said plurality of holes, and the
K/ copductive material of said first electrode means and the
' 30 conductive material of said second electrode means
opposing 6ne another and being separated from one another
by a portion of the top surface of said dielectric block
not covered by any conductive material and having a
predetermined width for capacitively intercoupling said
35 two holes, and the conductive material of at least one of
said first and second electrode means further being
separated from the portion of the conductive COatiné on
the side surface which extends onto the top surface of
said dielectric block by a second portion of the top
surface of said dielectric block not covered by any
conductive ' '
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-18- material and having a predeterm ned width for capacitively coupling
said one of said first and second eleblrfge_neans to 5 the conductive
coating on said one of the side surfaces of said dielectric block. 2.

The filter of claim1, wherein said first and second coupling nmeans include

first and medeanialk camd i v e ca rprieddferiined i 5@ER efoBcapaci epveryf ace of

he di el ' '| ,_said fi d d h .
tospect] v BLIHE Falf Xne YL COLR Erof 238! docbhd e PREFEIR RerRs oo,
15 and Sed8itl pNGHiVe | ceating onsaidone i of | the sidersunfacéstbe top

surface ofgdite diclestrie PLOESK, covered with said conductive material. 4.
"The filter according to claim1, further including 20 third el ectrode neans

i nt erposed between and capacitively intercoupling said first and second
el ectrode 2wans. Srhe filtidwe éf |¢raimcrpruheein said Firsthendi deshd

[ ] | | t | | ted sid 5
o ranqod SRELnS dedia ndiudl Erecl ahd Neoll SodPHNg CeforFEods
accor dithg meang Fisposethonithe fop fsuxface L hediieectote bieok are

separ at ed i) Qi FWUPKEA Bo 2 Sl TWSPIFEE SMRNeskaM thelef the top
surface of,sald .30 cH-.eI_ ectric block. 35 This is the replacenent sheet Date:
17/ 07/ 91 spectively. Afilter conprising: a dielectric block conprised

of a dielectric 5 material and having top, bottom and side surfaces, said

bottom ang si de suw{aces t | tyglC bej S iall

covered with a -conJLct-l ve@%t%%ﬁ%pﬁ%r%ﬁ%kzof %hrg?%és h%#%g%ﬁ%’ aces.

SeE?t&ﬁjégqq,second coupling electrode means each include a portion of
the top surface of the dielectric block covered with said
conductive material. '

4. The filter according to claim 1, further including
20 third electrode means interposed between and capacitively .
intercoupling said first and second electrode méans.

5. The filter accbrding to claim 1, wherein said openings
of said plurality of holes each have two elongated sides
25 arranged substantially parallel to one another.

6. The filter according to claim 1, wherein said first
\_ and second electrode means are separated from one another by a
sinusoidal shaped portion of 'Ehe'top surface of said
30 dielectric block.

35

This is the replacement sheet
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©top surface of the

chvered with a conductive material, extending fromthe top 10 surface of

t he. di electric block toward the bottem surface thereof and having openi ngs
on the top surface of the dielectric bTotk,~said openings being di sposed at
a pretlet ermi ned di stance from one anot her; fi rst and second coupl i ng ateans

coupled tg a first 15 Ioi'ng*lp respectively, of said
plurality ‘of holes; capaC| |ve nea |ng first and second el ectrode

means each conprised of & GAkRRETI® kAt compxised mf @ pbi¢lestoict he top

surf ace omarairh 4l Qo dLRD tdp Oakorddi HRAIUIIL EuPIEId Al spfgsaid T st
el ectrodean% ns and, t he. con %l ve Cgt I’Ig of said second ‘el ectrode neans

‘bei ng cou T 4% LR iglgFtoteLlock ReinGel y, of
sai d pl ur sukstartisillas, convrrachovidinductonductinte matieifalsai d first

el ectrode neans and g tﬁmﬂ? i€ oy Jit q{d@lcf“#)f s ae Q{iﬂstﬁé etcit

nmeans opposkﬁ% one anot her bei ng separ at ed Trom ohe ano
portion offMAFeDFikh i Gensuctive Ratecial c sitrnding e rthe B&Dmny

conduQio vesursad Of arirk hide -t iy liseit rowakanitid B‘dﬁtdi@mﬁdd@ y

i nt er coupl &% ANk 3 br ac oupled to
said diel eht%rq:l %&%Jﬁﬁ Eeas %ar‘% aﬁ ey te° 108 3’pe surface of
sai d di el &ddiecHtistiblogkd Sﬂ%l@l“m hwnmdlsmemlatg at |east first

and secon@ﬁﬁéﬁm&,g@rdiagﬁm i shd la3fdtdey®ans to utilization neans,
and sai d bracket rregqn Erow %55 access, to conductive materi al on the

Nch PURE NG MRART SAYRIE TR 1P HetRten
sal d thfo Molles arfhis secdrk lraﬂré,aom&p&ctsheeﬂty,Daiﬂe said Plkdllity of 12- A
M+t i -pasm% filter for coupling a radio- frequency
- capacitive means 1nc1ud1ng first and second
electrode means each comprised of a conductive material
~covering a portion of the top surface of said dielectric
20 block, the conductive material of said first electrode means
and the conductive material of said second electrode means
beingncoupled to the conductive material of two holes,
respectively, of said plurality of holes, and the conductive
.material of said first electrode means and the conductive
25 material of said second electrode means opposing one another
and being separated from one another by a portion of the top
surface of said dielectric block not covered by any
K_/ conductive material and having a predetermined width for
capacitively intercoupling said two holes; and
30 bracket means coupled to said dielectric block for
. at least partially enclosing the top surface of said
dielectric block, said bracket means further including at
least first and second tab means for attaching said bracket
means to utilization means, and said bracket means providing
35 access to conductive material on the top surface of the block
which defines said predetermined width between said two
holes.

v This is the replacement sheet
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(F&@ signal froma RF transmtter to an antenna and coupling 5 another RF
signal fromthe antenna to an RF.recelverjascanprising: a dielectric block
conprised of a dielectric mat eri al havi ng top, bottom and side surfaces,

sai d bottom and side surfaces of the dielectric block being substantlally
covered 10 wBih a 3omultirpasshand gilter feestouplinghal eadibafireguency

surfaces sub t C mat eri,al . _extendin from
‘the top surfg%gvo$§%ﬁéld?g ?rlc EF %ﬁ?@%& d*?h? ) BRESRPEY gc

and havi ng opRAFRES BR Fﬁeneépfsgmfsbe ahtenpalsodanl BFt receiveri, sald
openi ngs bei sgmprisenigel at predetermnm ned distances relative to one arother

‘and substantially align not her, first, secgond and third
coupl i ng means cgu Iégei8°£&39r8£°ﬁgl8°m3r§§89n8fhélé ghgckris matesial
respect|veIyhawinQOtep;dbattbmaandthide bokrtacesii gafidr boteomphnagd sigens
further bei dakoO e nmeans
further belgguggﬁg%s of tﬁﬁedgﬁ%ééggigghggsalggﬁﬂgrgﬁgggsﬁgggahxgﬁgvfﬁﬁgher
bei ng cot®l With ?h@°¥@n¢§éﬁﬁv@§te§ﬁ§1eapac|tlve means including first and

second el ectrode 25tnraaéteeﬁbeEOHaiééedh961ﬁ CQH !Shéﬁeﬁﬁﬁgesgi&aii ring
- a portion of _the top s ace of s df el ec%rlc e conductiv
materi al of §3Yﬁr?$rg%gélﬁcF?BﬂB° zﬁsmaﬁer ad, cexEeRAing fxom; the &PPsai d

second el ectsurifaceaos thendiedeptefiict blobk towdvat the BotebmakueFade | east

Conduct | ve "EREFeBEhpdchiysRh, 3pe8 Bhe, BACtnBLHER AT ERLSC SRR ve
mat er i al 1®f %h@heebzbﬂdbeektrsdédneaaningpobemggodésposeaeatand.being
separ at ed fr @@@efﬁ%ﬁ@&rd?¥t EeétfgfaeithEOtQRe ngﬁﬁﬁ of a'd

dielectric ck not covere any conductive materi a haV|ng a
predetern1néﬂubﬁtﬁﬂﬁ¥%11¥a@b@gﬂﬁééW§t neBecanptheyssaid two holes This is

the replacenent shegis®pt 8ecord/ 8M49%hird coupling means coupled to a
~ first hole, a second hole and a third hole, respectively, of

20 said at least three holes, said first coupling means further
being-coupled to the RF transmitter, said second coupling
means further being coupled to the antenna, and said third
coupling means further being coupled to the RF receiver; and

' capacitive means including first and second electrode

25 means each comprised of a conductive material covering a

portion of the top surface of said dielectric block; the
- conductive material of said first electrode means and the

\ conductive material of said second electrode means being
coupled to the conductive material of at least two holes,

30 respectively, of said at léast three holes, and the
conductive material of said first electrode means and the
conductive material of said second electrode means opposing
one another and being separated from one another by a '

- portion of the top surface of said dielectric block not

35 covered by any conductive material and having a '
predetermined width for capacitively intercoupling said two
holes.
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- 13--9. - The filter according to claim38, wherein said first, second and
third coupling nmeans include first, .secenglzand 5 third coupling electrode
means di sposed on the top surface of the dielectric block near, and coupl ed
to said first, second and third holes, respectively. 10. The filter
accordi ng tPcl ai nffee fiktesi aceprdingitosetain andwheredncsapli fgrst,

gl ectrode msecomdcindnehife 8oBSIihg mehnkNEnto8aaEi2eE ObebBfiadhghect i c

bl ock cover .t h id, conductjve material ., 11, ter according to

cl ai m 8, fus€#%#&i%§€%g*ﬂ% ﬁge?ﬁ??ﬁeéFﬁﬁFFoﬁésﬁﬁﬁﬁé PRt Ehpoten EBFﬁéGﬁgand

capaci ti vel yof rithe cdiel ectriai blécksheany andocdupledt tedgai@agsrst?. The

filter accorghdénd Oak aﬁﬂl@ddﬂ@f g bd-PPgRypgs of said at least three
e BaeRpeEiiElY

hol es each have two el ongate e rrang Substantially parallel to
one another. 13. ° The filter according to claim@8, wherein the conductive

nmaterial of po. | eaphe OFE1€ér S@¢Cotding €60cELERNG, €| GRELFQIR FERRE 1S
separated, fr the cond C%£ e qﬁsi ng on 25 ne of the sj i surf aces of
sai d die€ ecté)%mb?o bEL}' ‘ge%% *)5 t?ﬂ Ctroda neans seafh cangluds; 8
diel ectric paxtiomwtof dthe ctopysurfacenoficthe edtelectric ablotRvisgeted
predeterninqﬂiﬁcggiécgoﬂaﬁﬁF&géwggy?fgyfling said one of said first and

second el ectrode nmeans to the conductTve 30 coating on said one of the side
surfaces of said dielectric block. 14. The filter according to claimS8,

whe{ﬁi n sai Ly rs_t'neéldfﬁlewﬂﬂh@éﬁfdi _ewee'm%;ﬁr@ Sﬁ@fﬁﬁ%fdiﬁéj?ﬁwﬂg
anot ner a Sl SOl dal shape ortion o e LOp surrace of sal
dksjectﬁ&% §$EEQ§ 4%#%F?QA?VEF %Eniéiﬁﬁ?ﬁs§ Retyee :andlq§5q¢g§ively

intercoupling said first and second electronde means.

12. The filter according to claim 8, wherein said openings
of said at least three holes each have two elongated sides
20 arranged substantially parallel to one another.

13. The filter acéording to claim 8, wherein the '
conductive material of at least one of said first and second
electrode means is separated from the conductive coating on

25 one of the side surfaces of said dielectric block by a
second portion of the top surface of said dielectric block
not covered by any conductive material and having a |

U predetermined width for capacitively coupling said one of
said first and second electrode means to the conductive

30 coating on said one of the side surfaces of said dielectric
block. ' '

14. The filter according to claim 8, wherein said first
and second electrode means are separated from one another by

35 a sinusoidal shaped portion of the top surface of said
dielectric block.
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--i& = 15, The filter according to claim8, further including bracket
meahs coupled to said dielectric, block f-ond4at= | east 5 partially enclosing
the top surface of said dielectric block, said bracket nmeans further
including at |east first and second tab nmeans for attaching said bracket
means to utitPzat i Fhenfddder| according tioadilaim &ns dainthers dneluding a)

gu{ Sﬂlt 0 L ecebrackdy meand dotipiled I%B safa IEBE1R dtraRs BildcK é&vlang Fast

enna; .an nul ti - passband filter r|5|ng 15
‘a diel ect Pi cpﬁﬁé?qégnﬁﬁcégﬁqﬁ‘f; &he é‘l°§’cts|"ﬁ ace af said, digd ‘3"};)? %ot t om
and si de surbioek, said mahetamiaaisdefwe&cnmdﬂiﬂg dwlmu Cfih&smk

‘bei ng subst aghhals#o(b&v S%d ‘#gﬂat  To aI Q"E(\atéh\ﬁ rdT%tﬂ.c# Yracket %a%sarhé Yse

hol es, havi ng surfaces Yy Ccove A a conduct 1 Ve
material, exb&idiggtdonmeaas.op surface of the dielectric block toward the
bottom surface t her eof and havi ng openi ngs on the top surface of the

di el ectr b aid penln I n Spo at predeterm ned di stances
relativeaﬁo h%e and Fad ﬁ%§5§i¥ n{S 9§%€;é;qggned wi th one anot her;
first, second and at)i rd aomaldﬂmgrmivexouualvﬁdxg @m input; hole, a second
hole and a third h o I ol es, said
first coupling mea%g fur'?h ag'el ?g)églglgﬁ zdh%brin%%tn[ %}t}% ‘ter, 30 said
second coupling ne&ls fuPPhéPtE@Wﬁg éﬁﬁbled to the antenna, and said third
coupling neans furgher bai m@y@yqydggﬁahdifiﬂﬂéﬁwaay lsindftd capacitive

Conduct | 98 mat or i al 35 o8y ELAIFSEEIeT HIGH Fﬁ%ﬁ%ﬁ"aﬁgé&%@c&ﬁ
deTectrlc Thateriaﬂhhawamba¢mm&nboﬁhnm and side surfaces, said bottom
and side surfaces of the dielectric block being '
substantially covered with a conductive material;
at least three holes, having surfaces
20 substantially covered with a conductive material, extending
from the top surface of the dielectric block toward the
~ bottom surface thereof and having openings on the top
surface of the dielectric block, said openings being
disposed at predetermined distances relative to one another
25 and substantially aligned with one another:
| first, second and third coupling means coupled
to a first hole, a second hole and a third hole,
(L respectively, of said at least three holes, said first
coupling means further being coupled to the RF transmitter,
30 said second coupling means further being coupled to the '
' antenna, and said third coupling means further being coupled
to the RF receiver; and
capacitive means including first and second
electrode means each comprised of a conductive material
35 covering a portion of the top surface of said dielectric

This is the rep‘aeement.;hs‘éjt'
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Date 17/ 07/ 91 - 15- bl ock, the conductlve material. of said first

el &trode nmeans and the conduct i ve mat er als of sai d second el ectrode means
5 beihg coupled to the conductive material of at |east two holes,
respecti vel gh of. said at |east three holes, and the conductive nmaterial of

said first BLeSkeodhensonsustdvenmateniad: ofe sedde filaistofelagtrate oreans
_el ectrode nga@s twesnw&&%@m@&@iﬂn%fﬂeag A FRRUd %ie{g{ OC S ey her

by a portio of e top.surface of, sal dlelectrlc not covered
by any condgémecﬁé‘lp&ﬁ%al to, fhen gonduct iyie matariale PLyi
ﬁapam L i ¥e| holesgr c:@spld eictd vedly] o0 sadlideat Léast Ahrdd efols‘ed),staam It&id ydas
er ei nbef or | t n 18, radi o
transcei ver% 8@%1 a%’?’%am\gt g'ééﬁ'e é‘s ﬁ%@ﬁ)%&é s@ﬁ%&d’%ﬂa an%e}se %o t he
drawi ngs. 2¢opdugtiye mtslﬁiglt lof Eaidacenond slestriosiee means miﬁtﬂg
one _another and being separated from one another by a portion
10 of the top surface of said dielectric block not covered by
any conductive material and having a predetermined width for
capacitively intercoupl ing said two holes.

17. A filter substantially as hereinbefore described with .

15 reference to the drawings.
. k_/’ .
18. A radio transceiver substantially as hereinbefore- |
~ described with reference to the drawings. |
20
25
Y
30
35
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