SPECI FI CATI ON Resonator and Filter Enploying the Sane Technical Field The
present invheiton relates to a resonator that is used for the eI im natlon

of noi se, t“g g; ting and synthesis of signals, etc., inr /$P95/00629
comuni cat i ﬁ’% 3i§v| ces, broadcast devices, and so on, and al so reI ates ‘to

a filter conprising this resonator. BACKGROUND ART Resonat or s conposed of
capacitors and coils which are 1 : :
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| unped- paraneter circuit elenments, or helical resonators have been

conventionally used in relatively lI-ow frequency bands,

and ultrashort wave bands. Fig. 1 is a vertical cross section of a

convent WSMH2738| i cal resonator, and Fig. 2 is a horizont ZCTYPW6ZR-
This helical resonator conprises an external conduc-.
i nsubators [err] and [err] a helical

t her eof .
capacity formation el ectrode 203;

such as short wave

tion .
tor 201; a

resonance el ement 202 at one end mechanically fixed to and electrically
connected with the
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i nside wall of the external conductor 201, wound coil-like inits mddle

portion, attached at the other end to the capacity formation el ectrode 203, .

and fixed 5‘&; nsi de wall of the external conductor 201
i nsul ators lg?ﬁsis 2- and 2042; a novable el ectrode 205; a dri nggggor%%v 206

to one end of which the novabl e el ectrode 205 is attached,
. 3 .
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and whi ch passes through the external conductor 201; a lock nut 207 that is

- used to fix the drive screw 206 to the external- conductor 201; and

i nput/ out put coupling el enents and input/output term nals (not shown). Wth
this heWe@a2Bonance el enent, the resonance frequency cCRCTARISMGR Yy tuned
by rotating the drive screm1206 forward or backward to nove the novabl e.

el ectrode 205 ahead or back so that thescapacity of the el ectrode 203 can
be varied. The conventional resonator described above has the
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foll owi ng drawbacks. Since the helical resonance el enent 202 is formed by
the winding of a netallic wire or a relatively thin rod- shaped conduct or

in the for il, not only is the heat-radiating surfac t he
hel i cal regkﬁéﬂ??%glenent 202 itself small, but the thernmal ggﬂéﬁ%@ﬁ%? '
into the external conductor 201 is poor, so the heat produced by power Ioss

in the helical resonance element 202 is no? effectively radiated fromthe
‘heli cal resonance el enent 202" and the external conductor 201, and the
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resonance frequency fluctuates as a result of distortion due to the
el evated tenperature of the various constituent conponents of the
resonator. The ends of the helical resonance el enent 202 are - 3-
di rect |'woms2t318i rectly supported by and fixed to the InSIPdTIJMId(IGZ’f t he
external conductor 201, but the mddle
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portion is not supported by any support, and is instead formed so that it
mai ntains a coiled posture by its own rigidity, so vibration resistance is
poor, fabrication is difficult, and the cost is high. Wwen the dianmeter of
the wire o™O¥RBWat fornms the helical resonance el enent 20PGIIPIPOGED \e| y
| arge, distor- tion of the helical resonance elenent. 202 itself due to the-
~elevated tenperature of the helical resonghce el enent 202 repeatedly
~applies nechanical strain to the insulators [err] and [err] through t he
electrode 203 and in severe
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cases the insulators [err] and [err] would be broken. Because of its high
i npedance, a helical resonance elenent has inferior wthstand voltage '
characteristics. Wien a filter is constructed fromsuch a helical resonance
el enent wo bspz7em | ous above-nenti oned drawbacks encount er asbvsrologs2el | cal
resonance el enment appears as drawbacks directly in the filter. DI SCLOSURE
OF THE INVENTION It-is object of the prgsent invention to provide a
resonator in which heat is effectively radiated away from
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the resonance capacity el ement and external conductor, the fluctuation in

resonance frequency is extremely small, the vibration resistance is
excel | ent, FB i npedance is -4- l'ow, and to provide apdiliedpod2d
whi ch thIS resona or is used. A resonator according to the present
i nvention
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conprises: an external conductor; a resonance capacity el enent conprising a
dielectric plate fixed at the upper and lower ends to the upper and |ower
wal I s, respectively, of the external conductor, and el ectrodes nade of a

netal piwoes/pmsism netal thin |ayer provided on the front agEfiagechdes of
the dielectric plate, wherein the |l ower end of one of the electrodes is

electrically connected to the | ower waj$ of the external conductor, and a
gap is forned between the upper end of

CEThEThEEARNCER T IFRL2ET 5,
ERBOABRER. - .
Nk, - | :
EHE. THERSEEMMAERTTThEANES
HMBhOLE, TRLUAT3EHEBELIZEM

Bke. RAMGEONAECHEES A, T8S28H0E
ﬂ%ﬁﬁ@TEt%ﬁﬂu&ﬁéhkéﬁﬁE&OK (
PHIOEERBL. NEAKMGOAATL B h
 LRBENEARSKO LR RN BB S A

SRABLOLIB20EAEREBL. HREEL. 20
EEREBLAMT. NRNBENAOHRAREE L 5

LB TEBLICHEARREO LRIERONG S
NEHEREEEARROTMBBL b o2 2 AL R
EEBRRTL.

AN FE.
HABTF L.
mﬁkﬂ%?tm£$2ﬁ¥®ﬁkﬁﬂrﬁhéh

K2 BOERRENKALY YIS Y RERUFRR
Fer. -
HRZEOEEREMEAAL YT I SRR RUE

'gﬁ%@%haaﬁﬁ%zolﬁzﬁéﬁﬁamu&

BT IFRLEET 5.

AREO S HB .
HBOABEKE



the el ectrode and the upper wall of the external conduc- tor, while the
upper end of the other electrode is electrically connected to the upper

wal | of thawﬁﬁ%ﬁ5 §I conductor, and a gap is forned between § Q%J?ﬂ%ﬁk end
‘of the other él'éctrode and the lower wall of the external conductor

input termnal; an output termnal; and megns for connecting one of the

_ el ectrodes of the resonance capacity elenent to the input termnal and the -
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output termnal in a high-frequency fashion. Another resonator according to

the present invention conprises: -5- an external conductor; a resonance
capacity element conprising a dielectric plate fixed at the upper and | ower
ends towWOes2@er and : . PCT/IP95/00629
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| ower wal.ls, respectively, of the external conductor, and el ectrodes nade
of 'a metal plate or a metal thin |ayer provided on the front and back sides
- of the di elxgpégidsgigp! ate, wherein the |ower end of one of the@hHebiRdss 1S
electrically connected to the lower wall of the external conductor, and a
gap is fornmed between the upper .end of sai{d one el ectrode and the upper
wal | of the external conductor, while the upper end of the other el ectrode
. is electrically connected to t he upper wall of the external conductor, and
a gap is forned between the | ower end of -
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said other electrode and the I ower wall of the external conductor; an input
termnal; an output termnal; two inductance elenents or two capacity

el enents for the conpensation of transm ssion characteristics connected in
series PHOQW2MII8 he input terninal and the output termni- nBFTIRHE06IRaNS for
~connecting one of the electrodes of the resonance capacity elenent to the

connection point of the 14
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two i nductance elenents or the two capacity elenments in a high-frequency
fashion. Afilter according to the present invention -6- conprises: a

comopn ext
connect ed

%B%nﬁgpductor;- a_:pl urality of resonance capacityp&l/SpRibere
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in series in a high-frequency fashion and conprising a plurality of
“dielectric plates provided at suitable intervals in the external conductor
and fixed at the upper and | ower ends to the upper and | ower walls,
respect woeds27318f t he external conductor, and el ectrodes PEFSPIF00629 et al
plate or a metal thin layer provided on the front and back sides of each
dielectric plate, wherein the | ower enli6éof one of the electrodes is
electrically connected to the |ower wall of the external conductor, and a
‘gap is formed between the upper end of said one el ectrode and t he upper
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wal | of the external conductor, while the upper end of the other el ectrode
is electrically connected to the upper wall of the external conductor, and
agap is fq&g@@n 4 ween the | ower end of the other electrode €f ower
wal | of the external conductor; an input termnal; an output ermruﬁ;
means for connecting one of the electrode§7of the top resonance capacity
el ement ‘of the plurality of resonance capacity elenents to the |nput
termnal in a hlgh frequen-
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cy fashion; and nmeans for connecting one of the el ectrodes of the |ast

resonance capacity elenment of the plurality of -7- resonance capacity
el enents to the output termnal in a high- frequency fashlon Anot her '
resonat woesizmisdi ng to the present invention  PCT/IP95/00629

18 |

EEBMO—MERTETS 5.
%411&*%%@@@5&%@%%@&@.1&
3.
-%4zmuaﬁﬁé%§gﬁéfﬁmbka&$%
RTEEWERTH 5. S
g43ﬁu%4zmt%bk6&$®%ﬁ@%mﬁ
b3, |
EAARRE4SRERL hSHEEROEREFE
BMETH 5. | .
%4smuﬁ4zﬁﬁ%bh6&$®ﬁﬁ%ﬁw—
PleRTERTH 5. - | o
 BAGREBFERBUOEIOOEMAOEENER <
b3, | S
$4THRERBOB L OOKBAOXREROKT
WEK T 5. |
FA4SRREATHER L hRABERO0SHEEBE T
55 . | |
 BAORUBIODEMARBVNTANBRT 36 L
EERBIIMABRRET 42T, WARTF3TLE
ﬁ%@ssﬁ%eg#¥4sreg%'bkﬂ%%¢
BT® 5. | |
%5omuﬁ1o®%mmtsmfxmn%e$&
LLT70—T 448045 %2RVWRHERTRT
5.



conprises: an external conductor; a variable resonance capacity el enent
conprising a hollow cylinder conposed of a solid dielectric whose [ower end ..
portion isyhédyeshsi the lower wall of said external conduct opcpsshsibédse _'
upper end. portion faces the upper wall of the external conductor a suitable
di stance away, a fixed el ectrode conposedidf a netal thin |ayer that

adheres around the outer surface of the hollow cylinder and whose | ower end
portion is electrically connected to
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the |l ower wall of the external conductor, and a hollow or solid cylindrical
novabl e el ectrode that is.-coaxial wth the fixed electrode and is attached
to the upper wall of the external conductor so that the insertion |ength of
the novMA B22¥8ct rode into the holl ow cylinder can be va®CTEPIU6Ehput
termnal; an output termnal; and rreané for connecting the fixed el ectrode
to the input termnal and the output t (?m nal in a high-frequency fashion.
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Anot her resonator according to the present invention conprises : an
ext ernal conductor; -8- a variable resonance capacity el enent conprising

a hol | ow cwbggg;@ls:onposed of a solid dielectric whose | ovverP@ﬁWbon I's
fixed to the Iomer wal | of the external
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conduct or and whose upper end portion faces the upper wall of the external
conductor a suitable distance away, a fixed el ectrode conposed of a netal
thin layer that adheres around the outer surface of the hollow cylinder and
whose | &\QPS’%?RBF portion is electrically connected to the PCRARISHRR? of the
external conductor, and.a hollow or solid cylindrical novable el ect rode
that- i s coaxi al vm'th ‘the fixed electr and is attached to the upper wall
of the external conductor so that the insertion length of the novable

el ctrode into the hollow cylinder can be vari ed;
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an input .termnal; an output terminal; two inductance el enments or two’
capacity elements for the. corrpensatlon of transm ssion characteristics .
connect - eqQyéd bs/BRfd €S between the input ternminal and the outgul go8isdasal ;
and means for connecting the fixed electrode to the connecting point of t he
two i nductance elements or the two capacity elenents in a high- frequency
fashion. Another filter according the prezgnt invention
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conprises: an. external conductor; a plurality of variable resonance

capacity el enents -9- connected in series’ in a high-frequency fashion
and co r|S|n% a plurality of hollow cylinders provided at suitable '
__intervaVOIsR® %orrposed of a solid dielectric PCTIJP95/00629
24
lTb%.
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whose | ower end portlon Is fixed to the lower wall of the external
conduct or and whose upper end portion faces the upper wall of the external
conduct or Q%& e di stance away, a fixed el ectrode conposggﬁﬂgsﬁ, odBst 2l
thin layer 1 I'S” provi ded on each of the hollow cylinder, adheres around
t he outer surface of the hollow cylinders, and whose | ower end portion is
electrically connected to the | ower wall 3§ t he external conductor, and a
hol l ow or solid cylindrical novable electrode that is coaxial with the
fixed el ectrode and is attached to the upper wall of
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the external conductor so that the insertion length of the novable

el ectrode into the hollow cylinder can be varied; an input termnal; an .
output term nal; nmeans for connecting the top resonance capacity el ement of
t he pl umssuz'ymf resonance capacity elenments to the i npufPCTSPHS/0629 in a

hi gh-frequency fashion; and neans for connecting the.last resonance
capacity elenent of the plurality of rdsonance capacity elenents to the
output .termnal in a high-frequency fashion.
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A resonator according to the present invention conprises: an external
conduct or; - 10 - a variable resonance capacity el enent conprising of a

fixed el ectrode composed of a hollow cylindrical conductor end
portion i s WOREEHY the | ower wall of the YPErSpdsfifézd |

27

wer. AEAKRBOMAERTOL, NABRTFO
ABET2RDO0Q Y2 Fy F1OLPSBRREIATY
3. 28, ANBH IIEBRABETS LV,

BEAE2E. LRERCTHE AT ANBEE ]
DILEBERUTER. BEASOMYAZFRL->TEHE
xhTW3, |

FEMABES. 4. FEKR20RERURE
e BAB: R ERER2ORER
CEECEAEhR2BRRLSZo TV, BEEK
FTE . eEBBEREEBMROAMNTERER
BE3. 42BRLEBACBENTS, Ahb—F0
BE. cOBABRRREBIOTHAAREL 1O
TRLESWCERS Q. SREREB3 O L& L4

RGO LRLOBMREAESERNCERE 3

CELORWEIRBEHOBOMBEIPBRIFI SN TW S,
 AEBRREBAOCOLBECAS K IO LB CBEN KT
EHsh, FERREBIOTREAREEK 1 O TR
COBMIIEMESER{INCERZIZAICLDRZWVWES
CEEOBOMBHEBET O T NS,

ANBWFS . WARF OBV Th oA LAMBER
LMY, EEMBERETRT 555 k405 Wk
lkEREh T3, ADRART I, —BEA B
FEONBBLCER SN, WS TRBRES 3 ©
BHEIATWE., HWAKAMS L. —BHAHNBT6



external conductor and whose upper end portion faces the upper wall of the
external conductor a suitable distance away and a novabl e el ectrode
conposed of a hollow or solid cylindrical conductor that is coaxi al Wi t h
the fi xweéoshensgrode and is attached to the upper wall of PCIPESHODERdN Al
conductor so that the insertion length of the novable electrode into the
fixed el ectrode can be varied; an inpupgtermnal; an output term nal; and
means for connecting the fixed electrode to the input :
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terminal and the output terminal in a high-frequency fashion. Another

filter according to the present invention conprises: an external conductor; . -

a plurali t36v8§5/¥13$§ abl e resonance capacity el enents connect efctipsifbéBS 1 N
a high-frequency tashion, provided at suitable intervals, and conprising of
a fixed el ectrode conposed of a hollow cylindrical conductor whose | ower
end portion is fixed to the |ower wall of2¥he external
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conduct or and whose upper end portion faces the upper wall of the external
conductor a suitable distance away and a novabl e el ectrode conposed of a

~ hollow or solid cylindrical conductor that is coaxial with the fixed

el ect r o0WOAM7318 attached to the upper wall of the exter nRCTUPSSOE290r SO
that the insertion I ength of the novable electrode into the fixed el ectrode
can be vari ed,; - - 30
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an input termnal; an output term nal; neans for connecting the fixed

el ectrode of the top resonance capacity elenent of the plurality of
resonance elements.to the input termnal in a hlgh %*

fashi on; aﬁgaﬁégﬁésfor connecting the fixed el ectrode of the { resonance
capacity elenent of the plurality of resoggnce capacity elenents to the
~output termnal in a high- frequency fash
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Anot her resonator according to the present invention conprises: an external
~conductor; a variable resonance capacity el ement conprising a holl ow
cylinder conposed of a solid dielectric whose upper and | ower end portions

face t hevopfemend | ower wal l's, respectively, of the extepcjpogpsgdsct or a
sui tabl e dis- tance away, flrst fixed el.ectrode conposed of a netal thin

| ayer that adheres around the inner sugbace of the hollom/cyllnder and
whose | ower end portion is electrically
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connected to the lower wall of the external conductor, a second fixed
el ectrode conposed of .a netal thin |ayer that - 12 - adheres around the

outer surfageeghrsi®! | ow cylinder and whose upper end porti ONPLH/IP95/00629
electrically connected to the upper wall of the external conductor, and a

hol1ow or solid cylindrical anabIe el ectrgge that is coaxial with
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the first and second fixed electrodes and is attached to the upper wall of
the external conductor so that the insertion length into the
above-nentioned holl ow cylinder can be varied; an input termnal; an out put
t er mi naWO 83t eans for connecting the second fixed el ectPCRAEPISBOG2Pe i nput
termnal and the output termnal in a high- frequency fashion. Another
resonat or according to the present inverttion -
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conprises: an external conductor; a variable resonance capacity el ement
conprising a hollow cylinder conposed of a solid dielectric whose upper and

| ower end p gf ace the upper and |ower walls, respectiv of the

ext er nal coﬁrd%ﬁgﬁla sui tabl e di stance away, a flrst fixed eﬁgﬁp?ﬁm@“”
conposed of a netal thin layer that adheres3$round the inner surface of the
hol | ow cyl i nder and whose | ower end portlon s electrically connected.to
the |l ower wall of the external conductor,
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second fixed el ectrode conposed of a netal thin |layer .that adheres around
the outer surface of the hollow cylinder - 13 - and whose upper end
~portion is electrically connected to the upper wall of the external
conduct WQ 95273185 hol | ow or solid cylindrical novable el e®PCTERSSQ0628 | S

coaxial with the first and second fixed. el ectrodes and is attached to
. 36
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the upper wall of the external conductor so that the insertion [ ength of
the novabl e el ectrode into the hollow cylinder can be varied; an input

term nal ; % ég termnal; two inductance elenents or two &

el enent s forOP B onpensation of transm ssion characteristi cg(?@gﬁﬁ)g %égd in
series between the input term nal and the output term nal ; and neans for
connecting the second f.|xed el ectrode to 37
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t he connectlng point of the two inductance el ements or the two capacity
el enments in a high- frequency fashion. Another filter according to the
present invention conprises: a common external conductor; a plurality of

vari abl e WQ9528i®e capacity el enents connected in series 'ﬂc@
hi gh-frequency fashion and conprising a hollow cylinder co T4 solid
di el ectric whose upper and | ower end portions face the upper and | ower

wal |'s, respectlvely of the external -38
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conductor a suitable distance away, a first fixed el ectrode conposed of a
nmetal thin |layer that adheres - 14 - -around the inner surface of the

sai d hol | o ng,?.ﬁg@r and whose | ower end portion is electri cg#emgégct ed

to the | ower I""of the external conductor, a second fixed
conposed of a netal thin |ayer that adheres
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around the outer surface of the hollow cylinder and whose upper end portion
Is electrically connected to the upper wall of the external conductor, and
a hollow or solid cylindrical novable electrode that is coaxial with the
first amooseasl fixed el ectrodes and is attached to the Pgppapesmedd» of the
external conductor so that the insertion length of the novable el ectrode
into the hollom/cyllnder can be varied; an input termnal; an output
ternlnal and 40 :
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means for-connecting the second fixed el ectrode of the top resonance
capacity elenent of the plurality of resonance capacity elenents to the

I nput t er mywaloskysig hi gh-frequency fashion; and nmeans for copaegbisvgelohe
second fixed el ectrode of the | ast resonance capacity el enment of the

plurality of resonance capacity elenents to the output termnal in a
hi gh-frequency fashi on. Another resonator 4&cording to the present
i nventi on conpri ses:
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an external conductor; a variable resonance capacity el ement conprising a

- 15 - first fixed electrode conposed of a netal hollow cylinder whose

| ower end portion is fixed to the [ower wall of the external conductor, a
second WO8s27HBect r ode conposed of a netal hollow cyli ndeCTAP0062% pr ovi ded
coaxially with the
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first fixed electrode with a gap on the outside of the first fixed
el ectrode, and whose upper end portion is fixed to the upper wall of the

ext er nal Qr, and a hollow or solid cylindrical novab de
that is cggﬁggﬁkﬁﬁth the first and second fixed el ectrodes gﬁT 'S a??ached
to the upper wall of the external conductor so that the insertion |ength of
t he novabe el ectrode into the first fixed?®l ectrode can be varied; an I nput
termnal; an output termnal; and ' '
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means for connecting the second fixed el ectrode to the input termninal and
the output termnal in a high- frequency fashion. Another resonator
according to the present invention conprises: an external conductor; a

vari abl woesmissnce capacity -el enent conprising a first fiporipresscty ode
conposed of a netal hollow cylinder whose | ower end portion is fixed to the
| oner wal |l of the external conductor, ggsecond fixed el ectrode conposed of
a .
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metal hollow cylinder that is provided coaxially with the first fixed

el ectrode vmth a gap on the outside of said - 16 - first fixed

el ectrode, )?Aﬂ%e upper end portion is fixed to the upper ppdlybosifosdone
ext er nal con uc and a hollow or solid cylindrical novable electrode -
that is coaxial with the first and second fjxed el ectrodes and is
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attached to the upper wall of the external conductor so that the insertion
length of the novable electrode into the first fixed el ectrode can be _

varied; an input termnal; an output terminal; two inductance el enents or

t wo capm!sxa'neiserrents for the conpensation of transm ssi ®MCTEPSE62%Er i StiCS .
connected in series between the input g m nal and the output term- nal;
and rmeans for connecting the second fixed el ectrode to -
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t he connection point of the two inductance elenents or the two capacity
elements in a high-frequency fashlon Anot her filter accordlng to the

present inyention conprises: a common external conductor; of
variabl e r Jb4{¥ capacity el ements connected in series in WM’&X’

hi gh-frequency fashion, provided at suitable intervals and conpr|5|ng a
first fixed el ectrode conposed of a netal 4Mol | ow cylinder whose |ower end
portion is fixed to the |ower mall of the external
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conductor, a second fixed el ectrode conposed of a netal hollow cylinder
that is provided coaxially with the first’ - 17 - fixed electrode with a
gap on the outside of the first fixed el ectrode, and whose upper end '
portion wWe 9ISkl to t he upper wall of the external conducpompgsmkzg hol | ow
or solid cylindrical novable electrode that is coaxial with
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the first and second fixed electrodes and is attached to the upper wall of
t he external conductor so that the insertion |length of the novable
el ectrode |Wd)9;29 first fixed electrode can be varied; an |

5
an output termnal; means for connecting the second fixed el ectrodﬁzdg?
top resonance capaC|ty el ement of the pluraljty of resonance capacity
elenents to the input terminal in a high-freguency fashion; and
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means for connecting the second fixed electrode of the |ast resonance
capacity element of the plurality of resonance capacity elenments to the |
output-termnal in a high-frequency fashion. The resonator according to the
presentwornsmnson has good thermal conductivity between tpga/aPesesgsICe
capacity el enent and the external conductor because of the relatively large
thermal radiation surface area of the ggsonance capacity el enment, so heat
is effectively radiated fromthe resonance capacity el enment and the
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external .conductor, and therefore the rise in the tenperature of the
vari ous resonator conponents is kept - 18 - low and there is extrenely

little flucyigakligi N resonance frequency caused by distorti 95‘#3?95909&9
conponents as a result of elevated tenperature. Furthernore, the structure

is extrenely sinple and nechanically toughsl SO
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t he product has excellent vibration resistance. The w thstand voltage
characteristics are al so good because of the | ow i npedance of the
resonator. These same advantages are realized with a filter that
|ncorpor‘39f3§’2'mé resonat or according to the present invenpCrmpesieogbher, in
the case of a resonator formed with variable capacity by means of fixed and
movabl e el ec- trodes, the range over. @@ ch the capaci ty can be varied is

wi der and the resonance frequency can be set over a wider range SO

resonat ors W|th a greater variety of resonance
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frequencies can be formed using parts of the sane configu- rations and the
sane di nensions, and the costs entailed can therefore be | owered. BRI EF
DESCRI PTI QR hsabsils DRAWNGS Fig. 1 is a vertical cross sectigdysdosgos2e
conventional resonator. Fig. 2 is a horizontal cross section of a .
conventional resonator. Fig. 3 is a vertical cross sectlon of the resonator
of the first enbodi nent accordl ng to the 5% esent

ARTH 3. .
S5 WEL. ABBKI 1CL, BEREO LM
B31S,~31S, £, AEEBE33, ~33, &
1%2@341~34.t;7ﬁaﬁs44~
344%IET%tw®0vﬁfVF354t 51 BB
'@%awﬁﬁﬁ¥se.37a\m%%ﬁmmmo4
DY SVARTF A8, ~48., 49, ~49, &
 HABERF50, ~50. THMEEATWE,
BT 8HEE. BTORKRLASIREOFHEEN
“#55. R: ZWULUR. t. BE®EE 3 3, WL
334&Uﬁmaﬁ34L&wb344;Dmaﬂ£
AEEBRTFLRAEOABEES 1 CR ko THRS
PHEEK. 48, . 498, ZVWL 4985 RV
4 9 4 Etfz::*_ﬁﬁ?ﬁﬁﬁi@'f 5"75 7\#?'(\
498, RETERRBYBAVYI 25 YRRT
49, £48: OERAYIIIYRRTF, 498,
'@4 PEEY, x??492a4ss®Am4 5
xﬁ% 498 BAYTIIVIARTF 49, &
.484 m4 Y95 YARF. 50, WL
50, HLHTE Eﬁ?fbét _
BTEHERLE3RBOEEBRE. CO3HE
AMRTSEROXBEOGEEFE, Wb, $54 K
L_Tbtfz:ﬁ%ﬁt6‘:’&[’]&@11:%4%’?5#‘2%“5525
h?:.’b@&it')\éfﬁw E%EKFAFH%‘gi:FtJ:



I nvention; - 19 - Fig. 4 is a horizontal cross section of the resonator
of the first enbodinent; Fig. 5is a vertical cross section of the

resonator of the first enbodl ment, rotated [err] fromFig. 3; Fig. 6 is an
equi val amo9s2eaii t di agram of the first . PCT/IP95/00629 '
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enbodinment; Fig. 7 is a diagramillustrating an exanple in the first

enbodi nent in which the input termnal 5 and the capacity formation

el ectrode 3ygl rﬁ.é@pacitivery coupl ed by the capacity el enentyp, Jposdesdone
out put term na and the capacity formation el ectrode 4 by the capacity
element 12; Fig. 8 is a diagramillustratigg an exanple in the first

enbodi nent in which probes 13 and 14 are used as the input/output coupling
means; Fig. 9 is a vertical cross section of a resonator in

S XEFE511 ~51, CHRSATNS.

e 1R, BOOMERLASRSEDSHEMKE
t#®3. R: BWUR. @XEEK. 521, .
.5321&mu5323&0534uﬁﬁ%ﬁﬁﬁm
OHEBEFT. 532, REBOMRBYIERRT
53, :52, OAMERRT. 532, RERRT
53, £53:s DARBBETF. 532:; BAEBRTF
53, t52. DARERET. 51: ZWUL51 4
E5 vy TRAROA VI ISV RRFTHS.

BEORMRRLASRBOERBIER. O3 HE
APMBTI3EROARBORERYE. A5, H6 3K
CRUEGERRELERAROGRBESEEAR
hkbOEz). EROABEHABRLMERAET 5 C
ttxo\AWMtﬁﬁwﬁﬁsﬁvﬁﬁﬁﬁﬂ%ﬁ
HuHETé L BT E B,

%sznu.%ssmmﬁbkﬁﬁﬁémmrm&
Ehr3BBO0OSHMEBKRTHS. 20, ZWL
20, HHARE BRFT. HORSRBS IMLEA
BTH5. S |
. B 2RERLASHMERRTRIAIZHEBORE
EBRR. COSHREERRTIESBORESOER
B, 5. BEORMRRULERR ML ERARKD
GRBESERAMEIN L SOLEY . SBROKEAE
BRAAEAT 5L k0. ARMEARORE



whi ch [ oops 15 and 16 are used as the input/output coupling neans in the
first enbodinment; Fig. 10 is a horizontal cross section of a resonator in
whi ch | oops 15 and 16 are used as the i nput / out put coupling neans in the
first eMEDAN2T#Bt; Fig. 11 is a vertical cross section of POTAPISEEZ:L Or Of
the second enbodlnent according to the present inven- tion; Fig. 12 is an
equi valent circuit diagram of the second enbodi nent; '
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Fig. 13 is a diagramillustrating the transm ssion - 20 -
characteristics of the second enbodinent; Fig. 14 is a vertical cross

section of @B&sfzxfﬁgnator of the third enbodi ment accor di ng tg )jﬁcf%&gent

i nven- tion g 5 is an equivalent circuit diagramof the
57
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enbodinment; Fig. 16 is a diagramillustrating the transm ssion
characteristics of the third enbodinent; Fig. 17 is a vertical cross _
section of the resonator of the fourth embodi nent according to the present

i nven- tW@AS21318. 18 is an equivalent circuit di agram of pdcEIFISO6d
embodiment; Fig. 19 is a diagramillustrating the transmssion
characteri st ics of the fourth embodi nents;s
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Fig. 20 is a vertical cross section of the resonator of the fifth
enbodi nent according to the present inven- tion; Fig. 21 is an equival ent
chocur O saagasia Che [11 (1 erbodient; Fo, 2215 2 O 0T ehinieat | n0
- vertical cross section of the resonator ofsa he sixth enbodi ment according
to the present inven- tion; ' .
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Fig. 24 is a vertical cross section of the resonator - 21 - of the
sevent h enbodi nent of the present invention; Fig. 25 is a vertical cross
section of the resonator of the eighth embodi ment accor di ng to the present
i nven- tWOAS2M31Y. 26 is a vertical cross section of the rePcHIFISHIGE29
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of the ninth enbodi nent according to the present inven- tiron; Fig. 27 is a

vertical cross section of a filter constructed using the resonator shown-in .

Fig. 11, Fla,o,%g +418 an equivalent circuit diagramof the fil 5’%&‘/&%9' n

Fig. 27, 'S an equivalent circuit diagramof a filter "Construct ed
usi ng the resonator shown in Fig. 14; Fg. 30 is a vertical cross section
of a filter constructed using the resonat%h shown in Fig. 20;
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Fig. 31 is an equivalent circuit diagramof the filter shown in Fig. 30;
Fig. 32 is a vertical cross section of a filter constructed using the
resonator shown in Fig. 17; Fig. 33 is a vertical cross section of a filter
const r UWORY28¥BNng t he resonator shown in Fig. 3; Fig. 34PCETIRISNG629z0nt al
cross section of the filter shown in Fig. 33; Fig. 35 is an equival ent
circuit diagramof the filter shown in Figs. 33 and 34.
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Fig. 36 is a converted equivalent circuit diagram of - 22 - the

equi valent circuit diagramshow in Fig. 35, Fig. 37 is a circuit diagram
used to ill the design method for the filter accordin %6

pr esent mv‘gﬁh g;r??s Fig. 38 is a di agram of the transm ssion gﬁgracterzl’s
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tics of the circuit in Fig. 37, Fig. 39 is a diagramillustrating an

exanpl e of the relation between the interstage magnetic field coupling
coefficient and the center spacing of adjacent resonance capacity el enents;
Fig. 40weosemdisagramillustrating an exanple of the tranyCTIFIN00629
characteristics of the filter showm in Figs. 33 through 36; Fig. 41 is a
cross section of the main portion of another filter according to the
present invention; : 64 :
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Fig. 42 is a vertical cross section of a filter in which the interstage
coupling consists of capacitive coupling; Fig. 43 is an equivalent circuit
di agr am of fil.ter shown in Fig. 42; Fig. 44 is a convert ' nt
circuit di a%vpg%h24lkt he equivalent circuit diagram shown in F?&T g%’db |9S. 45
is a diagramillustrating an exanple of the transm ssion characteristics of
the filter shown in Fig. 42; 65
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Fig. 46 is a vertical cross section of the resonator - 23 - of the tenth
enbodi nent according to the present invention; Fig. 47 is a horizontal
cross section of the resonator of the tenth enbodi nent according to the

pr esent WHAT8I%N; PCT/IPI5/00629
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Fig. 48 is an equival ent circuit diagramof the resonator shown in Fig. 47;
Fig. 49 is a diagramillustrating an exanple in the tenth enbodi ment in

whi ch the i‘gﬁgg _;%m' nal 36 and the fixed electrode 33 are ¢ JodoY
1213 ?@ggﬁs

coupled by T apaci- ty elenent 42, and the output term na and t he
fixed electrode.33 by the capacity elenment 43; Fig. 50 is a diagram :
il lustrating an exanple in the tenth enbog? mrent in which probes 44 and 45
are used as the input/output cQu-pI i ng neans;
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Fig. 51 is a diagramillustrating an exanple in the tenth enbodi nent in
whi ch "oops 46 and 47 are used as the input/output coupling means; Fig. 52
is a vertical cross section of the resonator of the el eventh enbodi nent
accor diWQ98731Be present inven- tion; Fig. 53 is an equi YSFARPOPcyi ¢t

di agram of the resonator shown in Fig. 52; Fig. 54 is a diagram
illustrating the transm ssion charactemgi stics of the resonator shown in
Fig. 52; :
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Fig. 55 irs a vertical cross section of the resonator - 24 - of the
twel fth enbodi nent according to the present invention; Fig. 56 is an

equi val ent vié bgaasig di agram of the resonator shown in Fig. S55pcfimsnéei S 2
dlagramlllustratlngthetransmssmn 69
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characteristics of the resonator shown in Fig. 55; Fig. 58 is a vertical
cross section of the resonator of the thirteenth enbodi nent according to.
the present invention; Fig. 59 is an equivalent circuit diagramof the
resonat owwoesizrame in Fig. 58; Fig. 60 is a diagramill ustr apCTIZPISAE529

transm ssion characteristics of the resonator showmn in Fig. 58; Fig. 61 is
- a vertical cross section of the resonatd® in the fourteenth enmbodi ment
according to the present
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invention; Fig. 62 is an equivalent circuit diagramof the resonator shown
in Fig. 61; Fig. 63 is a diagramillustrating the transm ssion

characteri the resonator shown in Fig. 61; Fig. 64 i jca
cross sect ﬁg%g ?ﬁgn enbodi ment in which the coupling el enentfgg‘"f\éﬁi‘%?é
practical exanple shown in Fig. 52 has -be replaced with a probe 44; Fig.

65 is a vertical cross section of an enbodinent in which the coupling
el ement 50 in the enbodi nent shown
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" the enbodi nent shomn

in Fig. 52 has been replaced with a | oop 46; 25 - Fig. 66 is a vertical
corss section of an enbodi nent in which the coupling elenent 50 in the
enbodi ment .shown in Fig. 58 has been replaced with a probe 44; Fig. 67 is a
verti caVO9sBE8secti on of an enbodlnent in which the coupC1WEPﬂMmﬂaent 50 in
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in Fig. 58 has been replaced with a loop 46; -Fig. 68 is a vertical cross
section of a filter constructed using the resonator shown in Fig. 46; Fig.

69 i's a horgiPésmasgCr 0ss section of a filter constructed usi '13.‘19%5/0062 .
resonator shown 1n Fig. 46; Fig. 70 is an equivalent circuit diagram o% t he

filter shown in Figs. 68 and 69; Fig. 71 isyq converted equivalént circuit
di agram of the equivalent circuit diagramshown in Fig. 70; Fig. 72 is a
diagramillustrating an exanple of the ' : -
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rel ati on between the interstage nmagnetic field coupling coefficient and the
center spacing of adjacent resonance capacity elenents; Fig. 73 is a
vertical cross section of a band-pass filter in which the interstage

© coupl i nQVeHEB s of electric field coupling; Fig. 74 is RETARISPIRY ent
circuit diagram of t he band- pass filterggshown in Fig. 73] Fig. 751is a
converted equivalent circuit diagramof the equivalent circuit di agram
shown in Fig. 74,
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Fig. 76 is a vertical cross section of a filter - 26 - constructed using
the resonator shown in Fig. 52; Fig. 77 is a right side view of the filter .

shown in Fiye 9%?315 g. 78 is an equivalent circuit diagram opci/fmshedzber
shown in Fig. ;
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Fig. 79 is an equivalent circuit diagramof a filter constructed using the
resonator shown in Fig. 55; Fig. 80 is a vertical cross section of a
constructed using the resonator shown in Fig. 61; Fig. 81 is an equival ent
circuit YRE'AMB of the filter shown in Fig. 80;.Fig. 82 iWé’&Qﬁg’?/al ent
circuit diagramof a filter constructedgising the resonator shown in Fig.
58; Fig. 83 is a vertical cross section of the resonator of the nineteenth
enbodi ment accordlng to the present
Wu%4omt%éha.
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invention; Fig. 84 is a horizontal cross section of the resonator of the
ni net eent h enbodi nent according to the present invention; Fig. 85 is an
equi val ent wblksHsig di agram of the resonator of the nineteentbcegiedod®nt ;
Fig. 86 is a vertical cross section of an exanple in the nineteenth
enbodi nent in which the input ternminal 65 gnd the fixed el ectrode 62 are

capacitively coupled by the capacity elenment 71, and the output term nal
and -t he

® X o o B
U)ﬂ%#ﬁt\

66

ZABNto LE, TEP%h%hiﬁ TS E

EEshrBRAR:. EBBHRORES LURER
B Ch e RAENErESRERNORE,SZ D
S OERBO THESNEABIBO TRCERAN
REHEh,. BE—FOBRBOLBLHEARIGOL
BroMMBEsBREL,. HFOBEO LR S HE
ARBEOLBRIBERANCERSL, BMFOBED
Tﬁtmﬂ%%#ﬁ@?gtwﬁkﬁwﬁﬁﬁéhr
WEHRRREEFEERT L.

ANBF L.

WAOBF L.

-mE%ﬁ@E#?@E@@ ﬁ%m?kﬂﬁ? I

EHARFRBARNCERT SFREAATIRE
=, |

(2) HEBWE L,

 BABSKOLE. TECThThL®. THRAE
ExheBRERL. BEEARORES XURER
BUGKhESEAENZ R RENORES 52D
\—ﬁwﬁﬁwTﬁﬁmﬁﬂﬁﬁwaﬁkﬁﬁmL
EHsh. B—FORBOLBLUEASNGOLE
LoMcMESEREh. AORED LB 8RN
RGO LECREANCER S, BRFOBRBO T

* [ L N S *




fixed el ectrode 62 by the capacity el enent 72; -27 - Fig. 87 is a

diagramillustrating an exanple in the nineteenth enbodi nent in which :

probes 73 and 74 are used as the i nput/ out put -coupling neans; Fi 88 is a

di agr an095(¢331Bati ng an exanpl e in the nineteenth enbodi M{JP?-W ch tap

coupting is performed : _
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using coupling wires 75 and 76 as the input/output coupling neans; Fig. 89
is a vertical cross section of the filter showmn in Fig. 83; Fig. 90 is a
hori zont al woesm3mection of the filter shown in Fig. 89; Fi gpcRirossoaad
‘equivalent circuit diagramof the filter shown i-n Figs. 89 and 90. Fig. 92
I's a converted equi val ent circuit diagramygf the equivalent circuit di agram
shown in Fig. 91, : '
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Fig. 93 is a diagramillustrating an exanple of the relation between the

I nterstage magnetic field coupling coefficient and the center spacing of
adj acent variabl e resonance capacity elenents; Fig. 94 is a diagram

i |1ust r'YOMHE™38 exanpl e of the transmission characteri st ?@”B?Fé‘ﬁ"%%e wi de
band of the filter shown in Figs. 89 through 92; Fig. 95 is an enl arged
transm ssion characteristics diagram n&%r the resonance frequency [err] in
Fig. 94; Fig. 96 is a vertical cross section of a filter in :
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whi ch vari abl e resonance capacity el enments are arranged at - 28 -
specific intervals, and interstage magnetic field coupling adjustment

el enent s arw0|9sllz'lalposed bet ween adj acent varia- ble I esonanCRCT/aPRson62y

el ements; Fig. 97 is a horlzontal cross section of the filter shown in Fig.
96; _ . 81
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Fig. 98 is a vertical cross section of a filter constructed such that the
I nterstage magnetic field coupling coefficient is adjusted by another type

of inte magnetic field coupling adjustnment el ement 99 is a
hor i zon*vzﬂ’sség%gs section of the filter shown in Fig. 98; Pﬂ@%@@q s a

vertical cross section of another exanple of a filter constructed using the
resonator shown in Fig. 83; Fig. 101 i 823 vertical cross section of another
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exanple of a filter in which the stages are coupled by capacitive coupling;
Fig. 102 is a vertical cross. section of the twentieth enbodi nent accordi ng
to the presemdpszmention. Fig. 103 is a horizontal cross secRCTAPISNOGE2De
resonator of the twentieth enbodi nent according to the present invention;
Fig. 104 is an equivalent circuit diagram8¥ the resonator shown in Fig.
103; Fig. 105 is a diagramillustrating an exanple in the
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twenti eth enbodi ment in which the input termnal 96 and - 29 - the fixed
el ectrode 93 are capacitively coupled by the capacity elenent 102, and the

out put 97 and the fixed electrode 93 by the capagi gqent 103;
Fig. és{’gk'gﬁhtf agramillustrating an exanple in the tmﬁf#@hg}gﬁggdi ment
in mhlch probes 104 and 105 are used g,

BT IEBEATAIAERE.
CUDABOABEE L

I 1R Tﬁ%ﬁﬁﬁﬁﬁ%ﬁTf%h?hmﬁﬂ_
WMo LR, TRLHATSEHERKELOZ3HM
e, EROEGCRTOR. Y¥ZABHEONE
BiiAd#xh, TESISNEARSIHoTRRESD
IET TR T 1 23 FUETS SWY-F-4 1 PN
SOMAONBERAES A, LBWS AR B
PLBEREANKERSh L eBRBB LI R3H20
BEEE. NES 1. S2o0BETBBLAMT. WK
AEGRNAOEAELXZEA B EHTES &5 L AR
ABBHEOLREROR T oh2AMRE &2 0ER
PEABBRBELORD, BEARNCHERERZATY
IEBOHERERERF L.

ABDBFE.

T L. |

NRESMOAEEERTOS S, NROXEERR
?@%zoliﬁﬁ%mﬂkb%¥kEE&WLFA
TAFBRE. | |

NESNORRERRETOO 5. REORRERR
FOE 20 EERBANEH IR TR BEARNCHEA
'fai&t%ﬁtéa&%.
QA BEEL.

THEFAEASBGO TRCEESh e RAM

|




as the input/output couplingineans. Fig. 107 is a diagramillustrating an -
exanple in the twentieth enbodi ment in which | oops 106 and 107 are used as

t he i nput/ qib ps73gupl i ng nmeans; Fig. 108 is a vertical crospcra®sios9 of
the resonator of the twenty-first enbodi nent according to the present :

i nvention; Fig. 109 is an equivalent circuit diagramof the resonator shown
in Fig. 108, Fig. 110 is a diagramillusgsating the transm ssion
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characteristics of the resonator shown in Fig. 108; Fig. 111 is a vertical
cross section of the resonator of the twenty-second enbodi nent according. to
present invention; Fig. 112 is an equivalent circuit diagramof the

resonat WOSRIHE in Fig. 111; Fig. 113 is a di agram il | usPCTIPIPO6I9e

transmi ssion characteristics of the resonator shown in Fig. 111; Fig. 114
Is a vertical cross section of the rggonator in the twenty- th|rd enbodi nent .
according to the present
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I nventi on. - 30 - Fig. 115 is an equivalent circuit diagramof the
resonator shown in Fig. 114; Fig. 116 is a diagramillustrating the

transm ssi owo®Refrsgt eri stics of the resonator shown in Fig. ﬂéﬁ",g}ogs”ll?
s a vertlcal cross section of the resonat or
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of the twenty-fourth enbodi ment according to the present invention; Fig.

118 is an equivalent circuit diagramof the resonator shown in Fig. 117,
Fig. 119 i s“%p&/agt&am illustrating the transm ssion charact erp(s]t/mgo“igt he
resonator shown in Fig. 117; Fig. 120 is g ggrtical cross section of an-
enbodi nent in which the coupllng el enment 110 in the practical exanple shown
in Fig. 109 has been replaced with a probe 104; Fig. 121 is a vertical
cross section of an enbodi nment

1
2 O 2 ?\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘

%

%

3

Z

Z

g

H

z

‘] Z

201 P
4

v

7

7

zZ

z

A

Z

z

z

Z

A

A

z

4

z

23

®w2X

202 203

//IIIII//I'II/IIIIIIIIIII

y 4

AAAMAANMANANYAN LN NN N ANANN NN

I~
204,

206
~\207
205

2042

201

;
I
Z
7z
A
A
/
4
/
g
’
’
’
/
’
Z
7
g
3
’
’
o
’
2
”

P T T IPTTIOTIIITITLIL ST 4



in which the coupling elenent 110 in the enbodi nent shown in Fig. 108 has
been replaced with a loop 106; Fig. 122 is a vertical cross section of an
enbodi ment WR9ATMS t he coupling el ement 110 in the enbodi NnEpET/SREHB62N
Fig. 114 has been replaced with a probe 104 Fig. 123 is a vertical cross
section of an enbodi nent in which the C(ﬁ}(%"i ng el enment 110 in the

enbodi nent shown in Fig. 114 has been replaced with a loop 106; Fig. 124 is
a vertical cross section of a.filter constructed using the resonator shown

in Fig. 102; B3

3 2 7
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Fig. 125 is a horizontal cross section of a filter - 31 - constructed
using the resonator shown in Fig. 102; Fig. 126 is an equivalent circuit
di agram of WO®5RTI18er shown in Figs. 124 and 125; Fig. 127 i BCHIPISI0629t ed
equi val ent circuit diagram of the equi va_i,egg circuit diagramshown in Fig.
126;
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Fig. 128 is a diagramillustrating an exanple of the relation between the
I nt er st age rragnetic field coupling coefficient and the interval of the
centers of ’Ti resonance capacity elenents; Fig. 129 ispap, Hﬁs?do&ﬁ'
Cross sectlon of a band-pass filter in which t he i nt erstage cou I'ng
consists of elec- tric field coupling; Fi%4/3430 is an equival ent circuit
di agram of the band-pass filter shown in Fig. 129; Fig. 131 is a converted
equi val ent circuit diagram of
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t he equivalent circuit diagramshown in Fig. 130. BEST MODE FOR

| MPLEMENTI NG THE I NVENTION Fig. 3 is a vertical cross section of the
resonat or owg9se73isr st enbodi ment according to the present i pPCTIPIS/I061d,
Fig. 4 is a horizontal cross section t%er'of, and Fig. 5is a vertical
cross section rotated [err] fromFig. /3fhe resonator of this embodi et
conprises a cubic external conductor 1, a slender ribbon-shaped dielectric
plate 2, capacity formation el ectrodes 3 and 4, an input

11
#8121
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77 777
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- 32 - termnal 5, an output terminal 6, an input coupling wire 7, an
out put coupling wire 8, a resonance frequency fine- tuning elenent 9, and a
| ock nut 10VOISR7318 used to fix the fine-turning elenent 9. PORI®Ssioss29al
conductor 1 nmay al so be a bottonmed cyl ig;lﬂ. The upper and | ower ends of
the dielectric plate 2 :

®14
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are fixed by an adhesive agent or other suitable means to the upper and

| ower walls, respectively, of the external conductor 1. The capacity
formati on eweosewdes 3 and 4 are made of netal thin | ayers bporgsbsioes2ohe
front and back of the dielectric plate_2, .or of netal plates applied to the
front and back of the dielectric pl ate7i5.4As shown in Fig. 5, regardless of
whet her the capacity formation electrodes 3 and 4 are nade of a netal thin
| ayer or a netal plate, the | ower end of one of the electrodes (in
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this case the capacity formation electrode 3) is electri- cally connected
to the lower wall of the external conduc- tor 1, and a gap of suitable S
wi dth is pwegbsigdidet ween t he upper end of the capacity forng¢jaesgbest rode
. 3 and the upper wall of the external conductor 1 so that both may not be .
~electrically connected each other. The %'-b‘er end of the capacity formation
~electrode 4 is electrically connected to the upper wall of the external

conductor 1, and a gap of suitable width is provided between the | ower end
of the capacity fo%r%tb% el ectrode 4 and the | ower
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- 33 - wall of the external conductor 1 so that both may not be
electrically connected each other. The input termnal 5 and the out put
term nal 6 ybgblppgsi st of coaxial plugs, for exanple, and tlt% I
conduct or t‘ﬁatb%orms each coaxial plug is connected to the ex e"f‘_ﬁ%ﬁﬁa& :
conductor ‘1. One end of the input coupbystg wre

23
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7 is connected to the internal conductor of the input termnal 5, and the
other end is connected to the capacity formation el ectrode 3. One end of
the output wegskisig wire 8 is connected to the internal condggggposifosione
output termnal 6, and the other end s connected to the capacity formation
el ectrode 3. The fine-tuning el enent 80734i n this case nade of a netal
screw threaded into the wall of .the external conductor 1. In the resonator
constructed in this manner, a parallel resonance circuit whose equival ent -
circuit is - '
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shown in Fig. 6,

t he externa

conductor 1 and the capacity of the resonance capacity el

I s conposed of the distributed inductance resulting from

enent

formed by tyhgodhhigctric plate 2 and the capacity formation ?b'?ﬁﬂs%@z% 3

and 4.

synbol

In Fig. 6, a synbol
[err] represents the input magnetic fildi/@4coupling coeff|C|ent

R represents the resonance circuit,
and a

MR6 represents the output magnetic field coupling coefflcient.
hi gh-frequency power

is applied, for exanple, to the input termnal 5,

el ectromagnetic field
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- 34 distribution in this resonator beconmes as shown in Figs. 4 and 5. The
broken line H marked with arrows in Fig. 4 represents the nagnetic field,

the solid @pr gline Ein Fig. 5 represents the electric pcpiyposiasioor
and the solid arrowed line | represents the current. Since the inductance
is relatively snall, and the | 12/54
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capacity is relatively large in this resonator, this resonator is a | ow

| npedance type with good w thstand voltage characteristics. If a materi al
with a hi qb %Eléf%t ric constant and a dielectric |oss that peTaPIsIOby29zer o
-is used as ?he lelec- tric plate 2 in the resonance capacity elenment, then
the Q[err] of the resonarice capacit¥3ébdnent consisting of the dielectric
plate 2 and: the capacity formation el ectrodes 3 and 4 can be ignored. Since
the el ectromagnetic energy that can be accunulated in this resonator wl|
correspond #$33H :
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to the volume of the external conductor 1, and the resistance in the netal
portion of this resonator can be kept extrenely |l ow, an extrenely |arge

unl oaded Qwoenshm®bt ai ned. The magni tude of the unl oaded Q p&Fiiposlagddot e
external conductor 1 and the capacity formation electrodes 3 and 4 are nade
of copper in this resonator will varyl$#P# the ratio of the inductance to
the capacity in the resonator. The inventor was able to obtain the
foll owi ng experinental equation for unloaded Q{err] through the use

B3ITHE
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- 35 - of prototypeé. [err] where [err] is resonance frequency (Miz) and SH
Is the height (cm of the external conductor 1 (see Fig. 5). In this -

enbodi ment pling with the coupling wires 7 and 8 wasgg an
exanpl e of Wrégﬁ%ﬁ?yor _ | pCi¥PsSi00b29
' 15/54
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coupling in a high-frequency fashion the input termnal 5 with the capacity
formation el ectrode 3, and the output termnal 6 wth the capacity :
formation .ode 3. However, neans for capacitively coup put
term - nala%ﬁ&kﬁﬁgthe capacity formation electrode 3 via the capam?srI

el ement 11 and neans for capacitivelyigysal i ng the output ternminal 6 with
t he capacity formation 3 via the capacity element 12 nay al so be used, as
shown in Fig. 7. In addition, probes 13 and 14 may be used as the

i nput / out put coupling neans, as shown in Fig. 8.
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Loops 15 -and 16 may al so be used as the input/output coupling neans, as
shown-in Figs. 9 and 10 which are the vertical cross section and the

hori zont al %Q%ﬁfcti on, respectively, of the resonator. ThecRfR%60s29
descriptions are all for a case irn which the capacity formation el ectrode 3

that forns the resonance capacity el ek@#b4i s coupled in high-frequency
fashion to the input termnal 5 and the output termnal 6. However, the
present invention can also be inplenmented with a structure in which-the

capacity formation el ectrode

455




- 36 - 4 is coupled in high-frequency fashion to the input term nal

t he output term nal

are the sa%@_;ﬁ?j,ltgh

Cross section o

6. In Figs. 7 through 10,
Fig. 1 indicate the sane elenents. Fig.
e resonator of the second enbodi nent accor

present inven- 18/54
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tion, Fig. 12 is an equivalent circuit diagramthereof, and Fig. 13 is a
diagramillustrating the transm ssion characteristics thereof. In this ,
enmbodi nent W(z,gl%éjass fil ter circuit i S Cpnposed Qf i nducft WJP@%IW'[ s 17
~and 18 for g’ conpen- sation of transm ssion characteristics, |nterposed
between the connection termnals 5 arl@/4or an-external circuit, and a
capacity el ement 19 connected between the capacity fornmation el ectrode 3
~and the connection point of the in- ductance elenents 17 and 18. In this
resonator, as shown ' : '

®£48H
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by the transm ssion characteristics in Fig. 13 where the axis of abscissa
represents the frequency and the axis of ordinate represents the anount of
attenuat i ogo dshgsl ope of the attenuation characteristic cupegupssidodsd
frequency region |lower than the resonance frequency [err] is steep, while
- the slope of the attenuation charact@P?88ic curve in the frequency region
. higher than the resonance frequency [err] is gentle, and a transm ssion
~inhibition band is forned in the frequency region including the resonance

frequency [err]. we 1 g
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.- 37 - The resonance frequency [err] of the -circuit conposed of the
resonance circuit R and the coupling-use capacity el enent 19 changes _ .
accordi ng bpsgapaci ty of the coupling-use capacity el emggiyb3snokds fine

tuning of the resonance frequency can al so be performed by the provision of
an. adj ustment element similar to thélr/§§onance
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frequency fine-tuning elenent 9, as shown in Fig. 4. Fig. 14 is a vertical
cross section of the resonator of the third enbodi nent according to the
present i nwgyespbs@n, Fig. 15 is an equivalent circuit di agr a@rpeyeeds and
- Fig. 16 is a diagramillustrating the transm ssion characteristics thereof.
- This enmbodinment differs fromthe sec@®d34nbodi nent shown in Fig. 11 in that

t he coupling of the connection point of the inductance elenents 17 and 18
with the capacity formation electrode is performed by tap coupling

®£55H
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using an inductance elenent 20, and in that the resonance frequency [err]
of the circuit conposed of the resonance circuit R and the coupling-use

i nduct ancew?h 20 changes ‘according to the inductance ofpéﬁ#g'flmyt ance

el ement 20 est of the structure and operation is substant y the
same as in the second enbodi nent showB/¥MFig. 11. Fig. 17 is a vertical
cross section of the resonator of the fourth enbodi mnent according to the
present inven- tion, Fig. 18 is an equivalent circuit diagramthereof,
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- 38 - and Fig. 19 is a diagramillustrating the transm ssion _
characteristics thereof. This enbodi nent differs fromthe second enbodi nent -

shown in Fj [n that the inductance el enents 17 and 18 igeqifpbsgfassnd
enbodi nent b&?ﬁ}#{#"n Fig. 11 are replaced with capacity elenments 21 and 22.

The rest of the : 24 /54
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structure is the sane as in the second showmn in Fig. 11. As shown in Fig.
19, in this enbodinment, the slope of the attenuation characteristic curve
inthe fre ¥§xﬁcwllomer than the resonance frequency hﬁﬁﬁ#&&ﬁmﬂ@ntle’
while the slope of the attenuation characteristic curve in the frequency
regi on higher than the resonance freq@Byid¢ [err] is steep, and a '
transm ssion inhibition band is formed in the frequency region including

t he resonance frequency [err]. Fig. 20 is a vertical cross section of the
resonat or
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of the fifth enbodi nent according to the present inven- tion, Fig. 21 is an
equi valent circuit diagramthereof, and Fig. 22 is a diagramillustrati ng
the transm Ggoaprsiparacteristics thereof. This enbodinment is ﬁm@

the fourth enbod) nent shown in Fig. 17 in that the capacity 3 751 and
22 are used as transm ssion character26f5¢ conpensation elenents, and is
the same as the enbodi ment shown in Fig. 14 in that tap coupling is .
performed using the inductance el ement 20. The rest of the structure is the

same as in
m663
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- 39 the fourth enbodi nent shown in Fig. 17. Figs. 23, 24, ‘25, and 26 are
vertical cross sections of the sixth, seventh, eighth, and ninth

enbodlnents“%f present invention, respectlvely The reso in
Fig. 23 has 95;22%‘8 13 in place of t he coupling elenent 19 o?e?ﬁgss?g?gnnd
enbodi nent 27/54
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shown in Fig. 11; the resonator shown in Fig. 24 has a |oop 15 in place of
the coupling elenment 19 of the second enbodi nent shown in Fig. 11; the
resonator wpe¥Rs918 Fig. 25 has a probe 13 in place of the cpgplpdsmosiocnent
19 of the fourtL enbodi nent shown in Fig. 17; and the resonator shown in
Fig. 26 has a loop 15 in place of th8&2#ipling el enent 19 of the fourth
enbodi nrent shown in Fig. 17. The rest of the structure in the respective

Figs. is the sane as the structure in Figs. 11 or 17. Fig. 27 is a cross
section of a filter constructed '

®m7T2H
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using a plurality of the resonators shown in Fig. 11. This filter conprises
an external conductor 1C, partition walls [err] -and [err] resonance :
capacity ehg err] and [err] external circuit connec- tJ Lhals 5
ﬁﬂ%’%‘gel ements [err] 182, 173, 183, 174, and 184‘;?0‘2‘1’5%@’& -
conpensation of trans- m ssion characteri gbiysg, and coupling capacity

i elements [err] and [err]. The resonance capacity elenents [err] through
- [err] have the same structure as the resonance capacity el ement shown

and 6, ind
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- 40 - in Fig. 3. Specifically, electrodes nmade of a netal thin plate or a

metal plate are provided on the front and back sides of a dielectric plate

whose upp oq,gﬂ.#lgwer ends are fixed to the upper and Iovve.rl,&?‘,h?m“zg
respectively,” 0f 'a common external conductor IC, the | ower end of one of

the electrodes is electrically connegpggsto the lower wall of
%7_6
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t he common external conductor IC, and a gap is forned between the upper end

of said one electrode and the upper wall of the commopn external conductor :

IC, while end of the other electrode is electrical ed to

. the upper m%gtﬁdﬂg?ﬁ{ he external conductor IC, and a gap is foltdr?'é'g:‘a et V\%en

- the lower end of the other electrode smgs4he | onwer wall of the external

| conductor IC. Fig. 28 is an equivalent circuit diagramof the filter shown

. i'n Fig. 27. Synbols [err] through [err] represent resonance circuits
conposed of the common external ' '
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conductor IC and the resonance capacity elenents [err] through CE4,
reference nunerals [err] through 1873, and 184 represent inductance

el ements f Qo bdifsfonrensation of transm ssion characteristi Gorip9&o0s2e
reference nuneral [err] represents a synthetic inductance elenent of the
inductance elements [err] and [err] i3e/84. 27; the reference nuneral 1872
represents a synthetic inductance el ement of the inductance elenments [err]
and [err]; the reference nuneral.[err] represents a synthetic inductance
el enent of the in%gtﬁﬁe elements [err] and [err]; and reference nunerals
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- 41 - [err] through 194 represent coupling capacity elenments. The
transm ssion characteristic of the filter shown in Fig. 27 is the

superi nposi.t| F the transm ssion characteristics of the r at
al | stages_lv%%%@ %g this filter, that .is, the superi mositi%ﬁﬁ@%@@g :
transm s- sion characteristics substa@t3i/gl4l y the sane as the trans-
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m ssion characteristics shown in Fig. 13. The resonance frequencies [err]
in Fig. 13) of all stages conposed of a resonator and a coupling-use
capacity elpgeibssp € repre- sented by [err] through [err], rgspsskbdsdy
Sui tabl e adjust- ment of these resonance frequencies such that they ap-
proach each other, for instance, all /54 region of inhi- bition with a

; | arge anount of attenuatl on to be realized, while adjustnent of these
resonance frequencies [err] through [err] to adequately separated val ues
“allows a region of inhibition with a wide range of frequency to be real -
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lzed. Fig. 29 is an equivalent circuit diagramof a filter constructed

using a plurality of the resonators shown in Fig. 14. The reference .

nuneral s [ ough [err] represent coupling-use inducta JEL S

(tap coupl i%%%s,lkgﬁd the rest of the synbols are the sane asr}iiﬁ" ém%f The

transmi ssion characteristics of this3bi/ber represented by the equival ent

circuit shown in Fig. 29, is the superinposition of the transm ssion
characteristics of the resonators at all stages conposing this filter, that
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- 42 - is, the superinposition of the transm ssion characteristics
substantlally the sanme as the transm ssion characteristics shown in Fi g

16. Suit ablypgaghtsss ment of each resonance frequency all ows t Per/iPRbEICY
range and the amount of attenuatlon in the synthesis inhibition region to
- be suitably adjusted. 36/54
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Fig. 30 is a vertical cross section of a filter constructed using the
resonator shown in Fig. 20. This filter conprises an external conduct or 1C,
partition Wablogntsg§"] and [err] resonance capacity el enentspg

[err] exter nal clrcuit connec- tion termnals 5 and 6, |nduct ance e?errents
[err] 222, 213, 223, 214, and 224 for37%hB4conpensati on of trans- m ssion
char act eri stics, and inductance elenents [err] 203, and 204 for the tap
coupling. Fig. 31 is an equivalent circuit diagramof the
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filter shown in Fig. 30. Synbols [err] through [err] represent resonance
circuits, reference nunerals [err] through 2213, and 224 represent
capacity elpggogisid or the conpen- sation of transnission chagpegiRshedbCs:
the reference nunerals [err] represents a synthetic capacity elenent of the
capacity elenents [err] and [err] in 34P%26; the reference numeral [err]"
represents a synthetic capacity el enent of the capacity elenents 222 and
213; the reference nuneral 2213 represents a synthetlc capacity el enent of
the capacity elenments [err] and [err]; and
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- 43 - reference nunerals [err] through [err] represent inductance el enents
for tap coupling. The transm ssion characteristics of the filter shown in
Fig. 30 is §B%s #ﬁgrinposition of the transm ssion charact er pgtirposnaéaet N
resonators at "al'["'stages conposing this filter, that is, the

superi nposition of the transm s- 39/54
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sion characteristics substantially the sane as the transm ssion
characteristics shown in Fig. 22. Suitable adjustnent of these resonance

oxsis

frequenci e
synt hesi s ﬁﬁﬁ nregion to

t he frequency range and the anount of attenuation in the

be suitably adjusted. Fig. 32PFUIERY/00629

equivalent circuit diagramof a filtegogmfstructed using the resonator

shown in Fig. 17. Reference nunerals [err]

coupl i ng-use capacity el enents,
in Fig. 31.

HO6H

641 .- 631

through [err] represent
and the rest of the synbols are the sane as

632 633

634
61C

| 644

65

67

2\.1__4, 643

=

A S A AR A
021 The 622 Tl 623 773, 624
=971 g
T 1721 1731 |
61C 63 632 63 . 634
o/ /)
3 3

-~

621

1712

o 7
[ s

1732

/
623
1122



The transm ssion characteristics of this filter expressed by the equival ent
circuit shown in Fig. 32, is the superinposition of the transm ssion
charact eri sfpGesppfigt he resonators at all stages conposi ng thpgrfrbdsigasae t hat
i's, the superinposition of the transm ssion characteris- tics substantially
the sanme as the transnmission charactefl/P4tics shown in Fig. 19. Suitable
adj ustrent of these resonance frequencies allows the frequency range and

t he amount of attenuation in the synthesis inhibition region to be suitably

adj ust ed.
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- 44 - Although Figs. 27 through 32 illustrate exanples in which four
resonance capaC|ty el ements are provided, that is, when the order n of the .
circuit isg fresent invention can al so be inpl enent ed pidgiposiosies Of
t he CIrCUIt |s Sul'tably increased or decreased.- Fig. 33 is a vertical cross
section of a filter 42/54 .
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constructed using the resonator shown in Fig. 3, and Fig. 34 is a

hori zontal cross section thereof. This filter conprises an external
conduct or g ofp3pNance capacity elements [err] and [err] gﬁﬁ&ﬂgﬂb g SAIe
structure as that described for Fig. 23, an input termnal 5,6 an-output .
ternminal 6, an input coupling wire 7, 48/3ktput coupling wire 8, resonance
frequency fine- tuning elenents [err] and [err] and |ock nuts 101, 102,
103, and 104 that is used to fix the fine-tuning elenments [err] and [err].
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Fig. 35 is an equivalent circuit diagramof the filter shown in Figs. 33
and 34. Synbols [err] through [err] represent resonance circuits, the
synbol [err, ents the input magnetic field coupling c o t he
synbol [er9+°?§%#g§ents t he out put magnetic field coupling g@é@ isﬁ@#%nt,
and synbols [err] through [err] represdAY5Anterstage magnetic field
coupling coefficients. .Fig. 36 is a converted equivalent circuit diagram of
the equivalent-circuit diagramshown in Fig. 35. The synbols are the sane:
as in Fig. 35. : .
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- 45 - Al htough Figs. 33 through 36 illustrate exanples in which the order
n of the circuit is 4, the present invention can al so be inplenented when
the order ofygdiprsigrcuit is suitably increased or decreased. ,ﬁgﬂi kdoON,
al t hough Figs. 33 through 36 illustrate exanples in which the I npu Poutput
coupling el ements consist of the tap
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coupling wires 7 and 8, a capacity coupling el enent conposed of the
capacitors 11 and 12 or the probes 13 and 14 or a magnetic field coupling
el ement comwpoesgthsey the | oops 15 and 16 shown in Figs. 7 thr y

al so be used to inplenent the present inpvention. In the desi%#’%l?;@%%?
band-pass filter shown in Figs. 33 t-hr696 436, el enment val ues are

determ ned for a normalized | owpass filter, and then circuit constants are
determ ned fromthese value to obtain the required trans- n ssion
“characteristics, gsjiggggconventional design
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method. It will now be described how a band-pass filter whose pass band
exhi bits Chebyshev characteristics and whose attenuation band exhibits
Wagner chare@iggpirsigi cs i s desi gned based on the el ement val ugerhessides20

“through [err] of a normalized Chebyshe%J
diagramis shown in Fig. 37 and whose tr
shown in Fig. 38 (where the axis of absci
- frequency,

the axis of ordinate represents the anmount of attenuation,

pass filter, whose circuit
nsm ssi on characteristic curve is
ssa represents the normalized
and

[err] is the norn%#hz?qlﬁft-off frequency). ' -
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- 46 - Let the voltage standing-wave ratio (VSWR) within the pass band t hat
is permssible in terms of the design of the band pass filter be S, then

t he perm-swobs2mipple [err] within the pass band i's expressHﬂ‘l.n’)OSIDM9
follow ng equation (2). [err] 48/54
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The perm ssible ripple Lr is determ ned fromthe above equation, the order
n of the circuit is also deter- mined, the elenent value [err] is

det ermi ned woosrgigation (3), and the el ement val ues [err] tpéﬁygg,owgare
~determned fromequation (4). [err] ”]44: 37, [err] is the |oad

' resistnace. When the order n of the ci rcwt is an odd nunber, RL = 1

" (9) and when the order n of the circuit is an even
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nunber, [err] The input/output magnetic field coupling coefficients -. 47
- and the interstage magnetic field coupling coefficients can be determ ned

from equati woeg#3s and (12) and the pass band width Bw, thed@peihdash
center frequency [err] of '
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t he band-pass filter, and the elenent values [err] through gn determ ned
fromequations (3) and(4). If we express the input/output magnetic field
coupling coafébsimm s as [err] and M [err] [err] ... (1lpchipodfipeas
express the interstage nagnetic field cgg%i‘lng coefficient as [ er r? an
If we determ ne these and express them [err](k =1, 2, ..., [err] The
center spacing of adjacent resonance capacity '
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el ements can be determ ned using Fig. 39 and the inter- stage nmagnetic
field coupling coefficient [err] deter- mned fromequation (12). Fig. 39
i 1l ustrat eswopseraagpl e of t-he relation between the interstagectapssiioss
field coupling coefficient and the center ﬁﬁgcing of adj acent resonance
capacity el enents, obtained as a result H peated experinmentation with
prototypes by the inventor. The axis of abscissa represents (d - 0.30/W
“where d is the center spacing of adjacent resonance capacity el enments (see

Fig. 33), Cis
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the width of the resonance capacity el enent (see Fig. 33), and Wis the
w dth of the conmmopn external conductor (see 48 - Fig. 34). The axis of
ordi nate repo2sei3s the interstage magnetic field coupling cogfipoisughe
[err] The transmi ssion loss L of the ba g-/ggss filter shown in Figs. 33
through 36 is expressed by the follow ng - '
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equation. L (dB) 10 log {1 + [(S - [err] (x)} ... (13) where [err]
(x) is a Chebishev polynomal; when x < 1, Tn (x) = cos (n [err] X),

:,h[egr?] >[é}w{)§$é_}3tl§]x) = cosh (n [err] x). Xis the normaliz /SRS Y -

e center frequency in the BPF pass band, 'S an

arbitrary transm ssion frequency, Bw i24 /e per m ssi bl e pass band
frequency w dth, and ' -

and
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Sis the permssible voltage standing-wave ratio (VSWR) within the pass
band. Fig. 40 is a diagramillustrating an exanple of the transm ssion
characteristics of the filter showmn in Figs. 33 through 36. The axis of
absci ssa represents the frequency, and the axis of ordinate represents the
amount of attenuation. Although Figs. 27, 30, 33, and 34 all give exanples
i n which resonance capacity el enents_agje_provided such that the width
directions of the resonance capacity :

SPECIFICATION

Resonator and Filter Employing the Same

Technical Field
The present invneiton relates to a resonator that is
used for the elimination of noise, the splitting and
synﬁhesis of signals, etc., in radio communication de-
vices, broadcast devices, and so on, and also relates to a

filter comprising this resonator. ' ' - e

BACKGROUND ART

Resonators composed of.capacitors'and coils which are
lumped—parametér.circuit elements, or helical resonators
have been conventiohally used in relatiVély low frequency
bands, such as short wave and ﬁltrashort wave bands.

Fig. 1 is a vertical cross section of a conventional
helical resonator, and Fig. 2 is a horizontal cross sec-

N tion thereof.

This helical resdnator comprises an external conduc-
tor 201; a capaCity formation electrode 203; insulators
204, and 2045; a helical resonance element 202 at one end
mechanically fixed to and electrically connected with the
inside wall of the'external conductor 201, wound coil-like
in its middle portion, attached at the other end to the
capacity formation electrode 203, and fixed to the inside

wall of the external conductor 201 via the insulators 2041



élenents [err] through [err] will be parallel to the | engthw se direction
of the common external conductor |C - 49 - in all of the enbodinents,
as shown by the cross section of principal conponents in Fig. 41 (a cross
section simlar to Fig. 34), the present invention can also be inplenented
with the resonance capacity elenments [?;r]

and 204,; a movable electrode 205; a drive screw 206 to

one end of which the movable electrode 205 is attached,

and which passes through the external conductor 201; a

lock nut 207 that is used to fix the drive screw 206 to

the external conductér 201; and input/output coupling
elements and input/output terminalé (not shown).

| With this helical resonance element, the resdnénce
frequendy can be finely tuned by rotating the drive screw

206 forward or backward to move the movable- electrode 205
ahead or back so that the capacity of the electrode 203

éan be varied.

The conventional resonator described above has the
following drawbacks.
Since the helical resonance element 202 is formed by

the winding of a metallic wire or a relatively-ﬁhin rod-
shaped éonductor in the form of a coil, not only is the
 heat-radiating surface area of the helical resonance

element 202 itself small, but the thermal conductivity

into the external conductor 201 is poor, so the heat

produced by power loss in the helical resonance element

202 is not effectively radiated from the helical resonance
elemeht 202 and the external conducﬁor 201, and the.
resonance frequency fluctuates as a result of distortion

due to the elevated temperature of the various constituent

components of the resonator.

The ends of the helical resonance element 202 are



t hrough CE4 arranged such that their wdth directions are at a right angle
to the lengthw se direction of the common external conductor |IC. \Wen a
bnad-pass filter is constructed with the resonance capacity el enents which
are arranged as shown in Fig. 41 and coupl ed to adjacent el enents each
ot her by magnetic field coupling, the design nethod thereof is the sane as
t he design method for the band-pass— i3l ter shown in Fig. 33. A band-pass
filter having the required trans- m ssion characteristics can be realized
t hrough suitabl e :
, directly or indirectly supported by and fixed to- the

inside wall of the external conductor 201, but the middle
portion is not supported by any support, and is instead
formed so that it maintains a coiled posture by its own
rigidity, so vibration resistance is poor, fabrication is
difficult, and the cost is high.

When the diameter of the wire or rod that forms the
helical resonance element 202 is relatively large, distor-
tion of the helical resonance element 202 itself due to'
the elevated temperature of the helical resonance element
202 repeatedly applies mechanical strain to the insulators
204, and 204, through the electrode 203, and in severe
cases the insulators 204; and 204, would be broken.

Because of its'high impedance, a helical resonance
element has inferior withstand voltage characteristics.

- When a filter is constructed from such a helical

resonance element, the various above-mentioned drawbacks

encountered with a helical resonance element appears as

drawbacks directly in the filter.

DiSCLOSURE OF THE INVENTION
It is object of the present invention to provide a
resonator in which heat is effectively radiated away from
the resonance capacity element and external conductor, the
fluctuation in reéonance frequency is extreﬁely small, the

vibration resistance is excellent, and the impedance is



correction of the value of Cin the axis of abscissa (d - 0.3C)/Wof Fig.
39, which is used to determ ne the center spacing of the resonance capacity
el enents, or in other words, since the value of C corresponds to the width
of the resonance capacity el enents, through correction of the value of Cto
a value that corresponds to the thickness of the resonance capacity el enent
when the resonance capacity el enents_age_arranged as shown in Fig. 41. Fig.
42 is a vertical cross section of a band-pass filter in which the
i nt erstage coupling consists of '
low, and to provide a filter in which this resonator is
used. |
A resonator according to the present invention
comprises:
an external conductor;
a resonance capacity element comprising a dielectric
plate fixed at the upper and lower ends to the upper and
1ower.walls, respectively, of the external conductor, and
electrodes made of a metal plate or a metal thin 1éyer
provided on the front and back sides Qf the dielectric
plate, wherein the lower end of one of the electrodes is
electrically connected to the lowef wall of the external
conduétor, and a gap is formed between the upper énd of
the electrode and the upper wall of the external conduc-
tor, while the ﬁpper end of the other electrode is
electrically connected to the upper wall of the external
conductor, and a gap is formed between the lower end of
N the other eleétrode and the lower wall of the external
conductor;
E AH-input terminal;
an output terminal; and
means for connecting one-éf the electrodes of the
resonance capacity element to the input terminal and -the
output terminal in a high-frequency fashion.
Another resonator aécording to the present invention

comprises:



capacitive coupling (a cross section at the sane location as in Fig. 33).

el enents [err] through [err], an input termnal 5, an output term nal
I nput coupling capacity elenment [err], interstage coupling capacity

-5 -

an external conductor;

a resonance capacity element comprising a dielectric
plate fixed at the upper and lower ends to the upper and
lower walls, respectively, of the external conductor, and
electrodes made of a metal plate or a metal thin léyer
provided on the front and back sides of the dielectric
blate, wherein the lower end of one of the electrodes is
electrically connected to the lower wall of the external
conductor, and a gap is formed between the upper end of
said one electrode and the upper wall of the external
conductor, while the upper end of the other electrode is
electrically connected to the upper wall of the external
conductor, and a gap is formed between the lower end of
said other electrode and the lower wall of the external
conductor;

an input terminal;

an output terminal;

two inductance elements or two capacity elements for

the compensation of transmission characteristics connected

in seriés between the input terminal and the output termi-
nal; and

means for connécting one of the electrodes of the
resonance capacity element to the connection point of  the
two inductance elements or thé two capacity elements in a
high-frequency fashion. | - |

A filter according to the present invention

50 - This filter conprises an external conductor 1C, resonance capacity

6, an



el enents [err] and [err] and an output coupling capacity el enment 2346.
Fig. 43 is an equivalent circuit diagramof the band-pass filter shown in
Fig. 42. Synbols [err] through [err] represent resonance circuits, the
reference nuneral 2351 represents the input coupling capacity, reference
nuneral s 2312 through 2334 represent interstage coupling capaci- ties, and
the reference nuneral 2346 represents 6he output coupling capacity. Fig. 44
is a converted equival ent circuit diagram of -
comprises:

a common external conductor;

a plurality of resonance capacity élements connected
in series in a high-frequency fashion and comprising a
plurality of dielectric plates provided-at suitable
intervals in the externel conductor and fixed at the upper
and lower ends to the upper and loWer,walls, respectively, .
of the external conductor, and electrodes made of a metal
plate or a metal thin layer provided on the front and back
sides of each dielectric plate, wherein the lower end of
one of the electrodes is electrically connected to the
lowerlwall of the external conductor, and a gap is formed
between the upper end of said one electrode and the upper
wall of the external conductor, while the upper end of the
other electrode is electrically connected to the upper
.wall of the external conductor, and a gep is formed
between the lower end of the other electrode and the lower
wall of the external conductor;

an input terminal;

an output terminal;

means for connecting one of the electrodes of the top
réSonence capacity element of the plurality of resonance
capacity elements to the input ﬁerminal in a high-frequen-
cy fashion; and .

means.for connecting one of the electrodes of the

last resonance'capacity element of the plurality of



the equi val ent circuit diagramshown in Fig. 43. Although Fig. 42 shows an
exanpl e in which the input/output coupling elements consist of capacity

el enents, tap coupling wires, probes, |oops, or other such high-frequency
coupling means may al so be used Fig. 45 is a diagramillustrating an
_exanpl e of the transm ssion characteristics of the band-pass filter shown
in Fig. 42. The axis of abscissa repre3ents the frequen- cy, and the axis
of ordinate represents the anount of attenuation.

| resonance capacity elements to the output terminal in a
high-frequency fashion.

Another resonator according to the present invention
comprises: |

an external éonductor;

a variable resonance capacity element comprising a
hollow cyiinder.composed of a solid dielectric whose lower
end portion is fixed to the lower wall of said external
conductor and whose upper end portion faces the upper wali
of the éxternal conductor a suitable distance away, a
fixed electrode composed of a metal thin layer that
adheres around thelouter surface of the hollow cylinder
and whose lowef end portion is electrically connected to
the lower wall of the external conductor, and a hollow or
solid cylindrical movable electrode that is coaxial with
the fixed electrode and is attached to the upper wall of
the eXfernal conductor so that the insertion length of the
Y movable electrqde into the hollow cylinder can be varied;

an input terminal;

an outéut terﬁinal; and

means for connecting the fixed electrode to the input
terminal and the output terminal in a high-frequency
fashion.

Another resonator according to the present invention

comprises :

an external conductor;



Fig. 46 is a vertical cross section of the resonator of the tenth
enbodi nent according to the present - 51 invention. Fig. 47 is a

hori zont al

cross section thereof. The resonator of this enbodi nent

conprises a cubic external conductor 31; a variable resonance capacity
el ement 32 made of a solid dielectric hollow cylinder, a

- 8 -

a variable resonance capacity element comprising a
hollow cylinder composed of a solid dielectric whose lower
end portion is fixed to the lower wall of the external
conductor and whose upper end-portion faces the upper wall
of the external conductor a suitable distance away, a
fixed electrode composed of a metal thin-layer that
adheres around the_outer sufface of the hollow cylinder
and whose lower end portion is electrically connected to
the lower wall of the external conductor, and.a hollow or
solid cylindrical movable electrode that is coaxial with
the fixed electrode and is attached to the upper wall of
the external conductor so that the insertion length of the
movable elctrode into the hollow cylinder can be varied;

an input terminal;.

an output terminal;

| two inductance elements or two capacity elements for
the compensation of transmission characteristics connect-
ed in series be;ween the input terminal and the output
terminal; épd |

means for connecting the fixed electrode to the
connecfing poiﬁt of the two inductance elements or the two .
capacity elements in a high-frequency fashion.

Another filter according the present invention
comprises:

an external conductor;

a plurality of variable resonance capacity elements



fixed el ectrode 33, and a novable el ectrode 34; a lock nut 35 that is used
to fix the novable el ectrode 34; an input terminal 36; an output termnnal
37; an input coupling wire 38; an output coupling wire 39; a resonance
frequency fine-tuning el ement 40; and a | ock nut 41. The external conductor
31 may al so be a bottomed cylinder. The | ower end of the hollow cylinder 32
Is fixed to the lower wall of the exterha conductor 31 by an adhesive
agent or another suitable nmeans, and the upper end faces the upper wall of

t he external conductor 31 a suitable
connected in series in a high-frequency fashion and

comprising a plurality of hollbw cylinders provided at
suitable intervalé and compdsed of a solid dielectric
whose lower end portion is fixed to the lower wall of the
external conductor and whose upper end portion faces the
upper wall of the external cqnductor a suitable distance
away, a fixed electrode composed of a metal thin layer

that is provided on each of the hollow cylinder, adheres

~ around the outer surface of the hollow cylinders, and
whose lower end portion is electrically connected to the
lower'wall of the external conductor, and a hollow or
solid cylindrical movable electrode that is coaxial with
the fixed electrode and is attéched to the upper wall of
the external conductor so that the insertion length of the
movable electrode into the hollow cylinder can be varied;
an input terminal;
an output terminal;
s meahs for connecting the top resonance capacity

element of the plurality of resonance capacity elements to
the input terminal in a high-frequency fashién; and

means for connecting the last resonance capacity
element of the plurality of resonance capacity elements to
the output terminal in a high—frequency fashion.

A resonator according to the present invention
comprises:

an external conductor;



di stance away. The fixed electrode 33 is made of silver or another netal
thin | ayer bonded around the outside of the hollow cylinder 32, and the

| ower end thereof is electrically connected to the lower wall of the
external conductor. 31 by soldering or another suitable neans. The novabl e
el ectrode 34 is nmade of a solid or hollow cylindrical conductor (such as
copper) with a threaded outside, and-i $0serewed into the threaded hole in
t he upper -wall of the external conductor 31 coaxially with the

a variable resonance capacity element'comprising of a
fixed electrode composed of a hollow cylindrical conductor
whose lower end portion is fixed to the lower wall of the
exterﬁal conductor and whose upper end.portion faces the
upper wall of the external conductor a suitable distance
away gnd a movable electrode composed of a hollow or solid
cylindrical conductor that is coaxial with the fixed

electrode and is attached to the upper wall of the

~ _external conductor so that the insertion length of the
movable electrode into the fixed electrode can be varied;
an input terminal;
an output terminal; and
means for connecting the fixed electrode to the input
terminal and the output terminal in a high-frequency
fashibn.
Another filter according to the present invention
comprises:
" an external copductor;

a plurality of_variable resonance capacity elements
~connected in series in a high-frequency fashiﬁn, provided
at suitable intervals, and comprising of a fixed electrode
composed of a holldw cylindrical conductor whose lower end
portion is fixed to the lower wall of the external
conductor and whose upper end portion faces the upper wall
of the external conductor a suitable distance away and a

movable electrode composed of a hollow or solid cylindrical



fixed electrode 33. The insertion length of the novable electrode 34 into
the hollow cylinder 32, and therefore - 52 - the insertion length of the
nmovabl e el ectorde 34 into the fixed electrode 33 can be varied through the
rotation of the novable electorde 34 in a forward or reverse direction to
nove t he novabl e el ectrode 34 forward and backward.
- 11 -~
conductor that is coaxial with the fixed electrode and is
attached to the upper wall of the external conductor so
‘that the insertion length of the movable electrode into
the fixed electrode can be varied;
an input terminal;
an output terminal;

means for connecting the fixed electrode of the top

resonance capacity element of the plurality of resonance

~ 'capacity elements to the input terminal in a high-
frequency fashion; and
means for connecting the fixed electrode of the lasﬁ
resonance capacity.element of tﬁe plurality of resonance
capacity elements to the output terminal in a high-
frequency fashion.
Another resonator‘according_to the present invention
comprises: |
an extexrnal conductor;
N a variable resonancé capacity element comprising a

hollow cylinder composed of a solid dielectric whose upper
and lower end portions face the upper and_lower walls,
reépectively, of the external conductdr-a_suitable dis-
tance away, first fixed electrode coméosed of a metal thin
layer.that adheres around the inner surface of the hollow
cylinder and whose lower end portioh'is electrically
connected to the lower wall of thé external conductor, a

second fixed electrode composed of 'a metal thin layer that



The movabl e el ectorde 34 can be fixed through the I ock nut 35. The input

t er m nal

6 and the output termnal . 7 consist, for exanple, of coaxial

pl ugs, and the external conductor form ng these coaxial plugs is connected
to the external conductor 31. The input coupling wire 38 is connected at
one end to the internal conductor of the coaxial plug 36, and at the other
end to the fixed electrode 33. The owt R coupling wire 39 is connected- at
one end to the internal conductor of the coaxial plug 37,

.adheres around the outer surface of hollow cylinder and
whose upper end portion is electrically connected to the
upper wall 6f-the external conductor; and a hollow or
soiid'cylindrical movable electrode that is coaxial with
the first and second fixed electrodes and is attached to
the upper wall of the external conductor so that the
insertion length into the above-mentioned hollow cylinder
caﬁ be varied;

an input terminal;

an output terminal; and

means for connecting the second fixed electrode to
fhe input terminal and the output terminal in a high-
frequency fashion.

Another resonator according to the present invention
comprises:

an external conductor;

a variable'resonance capacity element comprising a
hollow cylinder composed of a solid dielectric whose upper
and lower end portions face the upper and lower walls,
respectively, of the external conductor a suitable
distance away, a first fixed electrode composed of a metal
thin layer that adheres around the innér surfaée of the
hollow cylinder -and whose lower end portion is electricaily
connected .to the lower wall of the external condﬁctor, a
second fixed electrode composed of a metal thin layer-that

adheres around the outer surface of the hollow cylinder



and at the other end to the fixed electrode 33. The fine-tuning el enent 40
Is made, for exanple, of a netal screw threaded into the wall of the
external conductor 31, and is fixed through the lock nut 41. In the
resonator constructed in this nmanner, a parallel resonator circuit whose
equivalent circuit is shown in Fig. 48, is fornmed by the distributed

i nduct ance of the external conductor-313and the capacity of the variable
resonance capacity el enent conposed of the solid dielectric hollow cylinder

32, the fixed el ectrode 33, and . .
and whose upper end portion is electrically connected to

the upper wall of the external conductor, and a hollow or
- solid cylindrical movable electrode that is coaxial with
the first and second fixed electrodes and is attached to
the upper wall of the external conductor so that the
insertion length of the movable electrode into the hollow
cylinder can be varied;

an input terminal;

an output terminal;

two inductance elements or twe capacity elements for
the compensation of transmission characteristics connected
in series between the input terminal and the output termi-
nal; and |

means for connecting the second fixed electrode to
the connecting point of the two inductance elements or the
two capacity elements in a high-~frequency fashion.

Another filter according to the present invention
comprises: |

a common external cenductor;

a plurality of variable resonance cépacity elements
connected in series in a high-frequency fashion and
comprieing a hollow cylinder composed of a solid
dielectric whose upper and lower end portions face the
upper and lewer Qalls, respectively, of the external
conductor a suitéble distance away, a first fixed

electrode composed of a metal thin layer that adheres



the novabl e el ectrode 34. In Fig. 48, the symbol R represents the resonance
cir- - 53 - cuit, the synbol MR represents the input magnetic field
coupling coefficient, and the synbol MR7 represents the output magnetic
field coupling coefficient. Wen high-frequency power is applied, for
exanple, to
- 14 -
around the inner surface of the said hollow cylinder and
whose lower end portioh is electrically connected to the
lower wall of the external conductor, a second fixed
electrode composed of a metal thin layer that adheres
around .the outer surface of the hollow cylinder'and whose
upper end portion is electrically connected to the upper

wall of the external conductor, and a hollow or solid

cylindrical movable electrode that is coaxial with the

~ first and second fixed electrodes and is attached to the
upper wall of thé external conductor so that the insertion
length of the movable electrode into the‘hollow cylinder
can be varied;
an input terminal;
an output terminél; and
means for connecting the second fixed electrode of
the top resonance capacity element-of_the plurality of
resonance capacity_elements to the input terminal in a
Y high-frequency fashion; and ‘

Imeans for connecting the second fixed electrode of
the last resonancé capacity element of the plurality of
resonance capacity elements to the output terminal in a
high-frequency fashion.

Another resonator according to the present invention |
comprises:

an external conductor;

a variable resonance capacity element comprising a



the coaxial plug 36, the.electronagnetic field distribu- tion in this
resonator will be such that the electric field vector is expressed by the
solid arrowed |line Ein Fig. 46, the current by the solid arrowed line | in
Fig. 46, and the magnetic field by the broken line Hin Fig. 47. Since
inductance is relatively small, and the capacity is relatively large in
‘this resonator, this resonator is a |-0oWS rpedance type with good w thstand
vol t age characteristics.
first fixed electrode composed of a metal hollow cylinder
whose lower end portion is fixed tolthe lower wall of the
external conductor, a second fixed electrode composed of a
metal hollow cylinder that is provided coéxially with the
first fixed electrode with a gap on the outside of the
first fixed electrode, and whose upper end portion.is
fixed to the upper wall of the external conductor, and a
hollow or solid cjlindrical movable electrode thét is
coaxial with the first and second fixed electrodes and is
attached to the upper wall of the external conducﬁéf so
that the insertion length of the movabe electrode into the
first fixed electrode can be varied;

an input terminal;

an output terminal; and

means for connecting the second fixed electrode to
the input terminal and the output terminal in a high-
frequency fashion.
U Another resonator -according to the present invention

comprises:

an external conductor;

a variéble resonance capacity element comprising a
first fixed electrode composed of a metal hollow cylindgr
whose lower end portion is fixed to the lower wall of the
external conductor, a second fixed electrode composed of a

metal hollow cylinder that is provided coaxially with the

first fixed electrode with a gap on the outside of said



If a material wth a high dielectric constant and a dielectric loss that is
nearly zero is used as the hollow cylinder 32 nade of a solid dielectric in
t he variabl e resonance capacity elenment, then the Q[err] of the variable
resonance capacity el enent conposed of the solid dielectric hollow cylinder
32, the fixed electrode 33, and the novabl e el ectrode 34 can be ignored.
Since t he el ectromagnetic energy that é&n-be accunulated in this resonator
wi Il correspond to the volunme of the external conductor 31, and the

resistance in the netal portion of
first fixed electrode, and whose upper end portion is

fixed to the upper wall of the external conductor, and a
holiow or solid cylindrical movable electrode that is
coaxial.with.the first and second fixed electrodes and is
attached to the upper wall of the external conductor so
- that the insertion length of the movable electrode into
the first fixed electrode can be varied;

an input terminal;

an output terminal;

two inductance elements or two capacity elements for
the compensation of transmission characteristics connected
in series between the input terminal and the output termi-
nal; and

means for connecting the sécond fixed electrode to
the connection point of the two inductance elements or the
two cépacity elements in a high-frequency fashion.

Another filter.according to the present invention
comprises:

a common external conductor;

a plurality of variable resona&nce capacity elements
éonﬁected in series in a high—freqﬁency fashion, provided
at suitable intervals and comprising a first fixed
electrode composed of a metal hoilow cylinder whose lower
end portion is fixed to the lower wall of the external

'~ conductor, a second fixed electrode composéd of a metal’

hollow cylinder that is provided coaxially with the first



this resonator can be kept extrenely low, an extrenely |arge unl oaded Q can
be obtained. - 54 - The inventor was able to obtain the foll ow ng
experinmental equation (14) for the unloaded Q [err] of this resonator
t hrough the use of prototypes whose external conductor 31, fixed electrode
33 and novabl e el ectrode 34
: - 17 -
fixed electrode with a gap on the outside of the first
fixed electrode, and whose upper end portion is fixed to
the upper_wall of the external conductor, and a hollow or
solid cylindtiéal movable electrode that is coaxial with
the first and second fixed electrodes and is attached to
the upper wall of the external conductor so that the

insertion length of the movable electrode into the first

fixed electrode can be varied;

~ an input terminal;
an output terminél;
means for éonnecting the second fixed electrode of
the top resonance capacity element of the plurality of
resonance capacity elements to the input terminal in a
high-frequency fashion; and
means for connecting the second fixed electrode df
the last resonance capacity eiement of the plurality of
resonance capacity elements to the output terminal in a
" high-frequency fashion.

The resonator'according'té the present invention has
good thermal conductivity between the resoﬁancé capacity
élement and the external conductor because of the
relatively iarée thermal radiation surface area of the
resonance capaCity_element, so heat is effectively
radiated from the resonance capacity element and the
external conductor, and therefore the rise in the

temperature of the various resonator components is kept



are made of copper, although the magnitude of the unloaded Q[err] wll
also vary with the ratio of the inductance to the capacity in the
resonator. [err] 20 [err] . (14) where [err] is the resonance .
frequency (MHz) and SH is the height (cm of the external conductor 31 (cm
(see Fig. 46). Although Fig. 46 illustrates an exanple in which tap
coupling by the coupling wires 38 and 38 s used as means for coupling in
hi gh-frequency fashion the input term nal

low and there is extremely little fluctuation in resonance
frequency caused by distortion of the components as a
result of elevated tempe;ature. Furthermore, the
structure is extreﬁely simple and mechanically tough, so
the product has excelient vibration resistance. The
withstand voltage characteristics are also good because of
the low impedance of the resonator. These same advantages
are realized with a filter that incorporates the
resonator according to the present invention.

Further, in the case 6f a resonator formed with
variable capacity by means of fixed and movable eleé—
trodes, the range over which the capacity can be varied is
IWider and the resonance frequency can be set over a wider
range, so resonators with a greater variety of resdnancé.
frequencies can be formed using parts of the éame cohfigu—
rations and the same dimensions, and the costs entailed

can therefore be lowered.

BRIEF DESCRIPTION OF THE DRAWINGS
EFig. 1l is a verfical cross section of a conventional
resonator.
Fig. 2 is a horizontal cross section of a conventional
resonator.
Fig. 3 is a vertical cross section of the resonator
of the first embodiment according to the present

invention;



36 with the fixed electrode 33, and the output termnal 37 with the fixed
el ectrode 33, neans for capacitively cou- pling the input termnal 36 with
the fixed electrode 33 via the capacity el enent 42 and neans for
capacitively coupling the output termnal 37 with the fixed el ectrode 33
via the capacity elenment 43 may al so be used, as shown in Fig. 49. In

addi tion, probes 44 and 45 may be usedlfs-the i nput/output coupling neans,
as shown in Fig. 50, or |oops 46 and 47 may be used as the input/output

coupl i ng neans, as shown in Fig. 51. . :
Fig. 4 is a horizontal cross section of the resonator

of the first embodiment;

Fig. 5 is a wvertical cross section of the resonator
of the first embodiment, rotated 90° from Fig. 3;

Fig. 6 is an equivalent circuit diagram of the first
embodiment;

Fig. 7 is a diagram illustrating an example in the
first embodiment in which the input terminal 5 and the
capacity formation electrode 3 are capacitively coupled by
the capacity element 11, and the output terminal 6 and the
capacity formatidn electrode 4 by the capacity element 12;

Fig. 8 is a diagram illustrating an example in the
first embddiment in which probes 13 and 14 are used as the
input/output coupling means;

Fig. 9 is a vertical'cross section of a resonator in
which' loops 15 and 16 are used as the input/output
coupling means in the first embodiment;

'-\/, Fig. 10 is a horizontal cross section of a resonafor
in which loops 15 and 16 are uSed as the input/output
coupling means in the first embédiment;

Fié. 11 is a vertical cross section of the resonator
of the second embodiment according to the present inven-
tion;

Fig. 12 is an equivalént circuit diagram of the
second embodiment;

Fig. 13 is a diagram illustrating the transmission



Figs. 49 through 51 correspond to cross sections of Fig. 47 viewed from
below with the side wall on the bottom - 55 - (fromthe front) renoved
fromthe external conductor 31 and hereinafter the same applies to cross
sections simlar to Figs. 49 through 51, such as Fig. 52. Fig. 52 is a
vertical cross section of the resonato; :

characteristics of the second embodiment;.

Fig. 14 is a vertical cross section of the resonator
of the third embodiment according to the present inven-
tion;

Fij. 15 is an equivalent circuit diagram of the third
embodiment;

Fig. 16 is a diagram illustrating the traﬁsmission
characteristics of the third embodiﬁent;

Fig. 17 is a vertical cross section of the resonator
of the fourth embodimeht according to the present inven-
tion;

Fig. 18 is an equivalent circuit diagram of the
fourth embodiment}

Fig; 19 is a diagram illustrating the transmission
characteristics of ﬁhe fourth émbodiment;

| Fig. 20 is a vertical cross section of the resonator
.of the fifth embodiment according to the present inven-
tion; |

Fig. 21 is an équivalent circuit diagram of the fifth
embodiment;

Fig. 22 is a diagram illustfating the transmission
characteristics of the fifth embodiment;

Fig. 23 is a vertical cross section of the resonator
of the sixth embodiment according .to the present inven-
tion;

Fig. 24 is a vertical cross section of the resonator



of the el eventh enbodi nent according to the present inven- tion. In this
enbodi ment, a lowpass filter circuit is conposed of inductance el enents 48
and 49 for the conpen- sation of transm ssion characteristics, interposed
bet ween the connection termnals 36 and 37 for the external circuit, and a
capacity el enment 20 connected between the connection point of the

. inductance el enents 48 and 49 and t e 2fli xed el ectrode 33 form ng the
resonance capacity elenent. Wth this resonator, as shown by the transm s-

of the seventh embodiment of the present invention;

Fig. 25 is a vertical cross section of ﬁhe resonator
of the eighth embodiment according to the present inven-
tion;

Fig. 26 is a vertical cross section of the resonator
of the ninth eﬁbodiment according to the present inven-
tion;

Fig. 27 is a vertical cross section of a filter
constructed using the resonator shown in Fig. 11;
| Fig. 28 is an equivalent circuit diagram of the
filter shown in Fig. 27;
| Fig. 29 is an equivalent circuit diagram of a filter
constructed usihg the resonator shown in Fig. 14; |

Fig. 30 is a vertical cross section of a filter
constructed using the resonator shown in Fig. 20;

Fig. 31 is an equivalent circuit diagram of the
filter shown in Fig. 30; |

Fig. 32 is a vertical cross section-of a filter
constructed using the resonator shown in Fig. 17;.

Fig. 33 is a vertical éross section of a filter
constructed using the resonator shown in Fig.:3;

Fig. 34 is a horizontal cross section of the filter
shown in Fig. 33; | |

Fig. 35 is an equivalent circuit diagram of the
filter shown in Figs. 33 and 34.

Fig; 36 is a converted equivalent circuit'diagram of



sion characteristics in Fig. 54 where the axis of abscissa represents the
frequency and the axis of ordinate represents the anount of attenuation,
the slope of the attenuation characteristic curve in the frequency region
| ower than the resonance frequency [err] is steep, while the slope of the
attenuation characteristic curve in the frequency region higher than the.
resonance frequency [err] is gentle,—add a transmission inhibition band is
formed in the frequency region including the resonance frequency [err].

Fig. 53 is an equivalent circuit diagramof the reso:
the equivalent circuit diagram shown in Fig. 35;

Fig. 37 is a circuit diagram used to illustrate the
design method for tﬁe filter according to thé present
inﬁention; |

Fig. 38 is a diagram of the transmission characteris-
tics of the circuit in Fig. 37;

Fig. 39 is a diagram illustrating an example of the

relation between the interstage magnetic field coupling

~ coefficient and the center spacing of adjacent resonance
capacity elements; |
Fig. 40 is a diagram illustrating an example of the
transmission characteristics of the filter shown in Figs.
33 through 36;
Fig. 41 is a cross section of the main portion of
another filter according to the present invention;
Fig. 42 is a vertical cross section of a filter in
which the interstage coupling consists of capacitive
\J} coupling;

.Fig. 43 is an equivalent circuit diagram oflthe
filter shown in Fig. 42;

Fig. 44 is a converted equivalent circuit diagram of
the equivalent circuit diagram shown in Fig. 43;

Fig. 45 is a diagram illustrating an example of the
transmission characteristics of the filter shown in Fig.
42; |

Fig. 46 is a vertical cross section of the resonator



nator shown in Fig. 52. The synbol R represents a reso- nance circuit
conposed of the external conductor 31 and - 56 - the variabl e resonance
capacity elenent, and the rest of the synbols are the sane as in Fig. 52.
The resonance frequency [err] of the circuit conposed of the resonance
circuit R and the coupling-use capacity :

- 23 -
of the tenth embodiment accordihg to thé present
invention; | |

Fig. 47 is a horizontal cross section of the
resonator of the tenth embodiment according to the present
invention; |

Fig. 48 is an equivalent circuit diagram of the
resonator shown in fig. 47;

Fig. 49 is a diagram illustrating an example in the
tenth embodiment’in-which the input terminal 36 and thé
fixed electrode 33 are capacitively coupled by the capaci-
ty element 42, and the output terminal 37 and the fixed
electrode 33 by the capacity element 43;

Fig. 50 is a diagram illustrating an example in the
tenth embodiment in which probes 44 and 45 are used as the
input/output coupling means; |

Fig. 51 is a diagram illustrating an example in the
tenth-embodiment in which loops 46 and 47 are used as the
o input/output coupling means;

Fig. 52 is a vertical cross section of the resonator
of the eleventh embodiment according to the present inven-
tion;

. Fig. 53 is an equivalent circuit diagram of the
resonaﬁor shoﬁn in Figqg. 52;

'Fig. 54 is a diagram illustrating the transmission

characteristics of the resonator shown in Fig. 52;

Fig. 55 is a vertical cross section of the resonator



el ement 52 changes according to the capacity of the coupling-use capacity
el enrent 50, and the fine tuning of the resonance frequency can be perforned
by the provision of an adjustnent elenent that is the sane as the resonance
frequency fine-tuning elenent 40 shown in Fig. 47. Fig. 55 is a vertical
cross section of the resonator of the twel fth enbodi nent according to the
present inven- tion. This enbodi nent -dp&fers fromthe el eventh enbodi nent
shown in Fig. 52 in that the coupling of the connection

of the twelfth embodiment according to the present
invention; . .

Fig. 56 is an equivalent circuit diagram of the
resonator shown in Fig. 55;

Fig. 57 is a diagram illustrating the transmission
charaéteristics of the resonator shown in Fig. 55;

Fig. 58 is a vertical cross section of the resonator

of the thirteenth embodiment according to the present

~ invention;
Fig. 59 is an equivalent circuit diagram of the
resonator shown in Fig. 58;
Fig. 60 is a diagram illustrating the transmission.
characteristics of the resonator shown in Fig. 58;‘
Fig. 61 is a vertical cross section of the resonator
- in the fourteenth embodiment according to the present
invention;
fig. 62 is an equivalent circuit diagram of the
U resonator shown in Fig. 61;

Fig. 63 is a diagram illustrating the transmission
éharacteristics of the resonator shown in Fig. 61;

Fig. 64 is a vertical cross section of an embodiment
in which the coupling element 50 in the practical example
shown in Fig. 52 has been replaced with a probe 44;

Fig. 65 is a vertical cross section of an embodiment
in which the coupling element 50 in the embodiment shown

in Fig. 52 has been replaced with a loop 46;



poi nt of the inductance elenents 48 and 49 wth the fixed electrode 33 is
performed by tap coupling using an induct- ance elenent 51, and in that the
resonance frequency [err] of the circuit conposed of the resonance circuit
R and the coupling-use inductance el enent 51 changes according to the

i nductance of the inductance element 51. The rest of the Structure and
operation is substantially the same as2sn-the el eventh enbodi ment shown in
Fig. 52. Fig. 56 is an equivalent circuit diagramof the resonator shown in
Fig. 55. Except for the inductance

Fig. 66 is a vertical corss section of an embodiment
in which the coupling element 50 in the embodiment shown
in Fig. 58 has been replaced with a probe 44;

Fig. 67 is a vertical cross section of an embodiment
in which the coupling element 50 in the embodiment shown
in Fig. 58 has been replaced with a loop 46;

Fig. 68 is a vertical cross section of a filter
constructed using the resonator shown'in Fig. 46;

Fig. 69 is a horizontal cross section of a filter
constructed using the resonator shown in Fig. 46;

Fig. 70 is an equivalent circuit diagram of the
filter shown in Figs. 68 and 69;

Fig. 71 is a converted equi#alent circuit diagram of
the equivalent circuit diagram shown in Fig. 70;

Fig. 72 is a diagram illustrating an example of the
relation between the interstage magnetic field coupling
coefficient and the center spacing of adjacent resonancé
U capacity elements;_

Fig. 73 is a vertical cross section of a band-pass
filter in which the interstage coupling consists of
electric field coupling;

Fig. 74 is an equivalent circuit diagram of the
band-pass filter shown in Fig. 73;

Fig. 75 is a converted equivalent circuit diagram of

the equivalent circuit diagram shown in Fig. 74;

Fig. 76 is a vertical cross section of a filter



el ement 51, all of the synbols are the sane as in Fig. 53. Fig. 57 where
the asi x of abscissa and the axis of - 57 - ordinate are the sane as in
Fig. 54, is a diagramillustrating the transm ssion characteristics of the’
resonator shown in Fig. 55, which is substantially the same as the
characteristics showmn in Fig. 54.

- 26 -
constructed using the resonator shown in Fig. 52;

Fig. 77 is a right side view of the filter shown in
Fig. 76;

Fig. 78 is an equivaient circuit diagram of the
filter shown in Fig. 76;

Fig. 79 is an equivalent circuit diagram of a filter
constructed using the resonaﬁor shown in Fig. 55;

Fig. 80 is a vertical cross section of a constructed
using the resonator shown in Fig. 61;

Fig. 81 is an equivalent circuit diagram of the
filter shown in Fig. 80;

fig. 82 is an equivalent circuit diagram of a filter
constructed using the resonator shown in Fig. 58;

Fig. 83 is a vertical cross section of the resonator
of the nineteenth embodiment according ‘to the present
invenfion;

'Fig. 84 is a horizontal cross section of the

- resonator of the nineteenth embodiment according to the
present invention;

Fig. 85 is an equivalent circuit diagram of the
resonator of the nineteenth embodiment;

Fig. 86 is a vertical cross section of an example in
the nineteenth embodimént in which the input terminal 65
and the fixed electrode 62 are capacitively coupled by the
capacity element 71, and the output terminal 66 and the

fixed electrode 62 by the capacity element 72;



Fig. 58 is a vertical cross section of the resonator of the thirteenth
enbodi nent according to the present invention. This enbodinent differs from
t he el eventh enbodi ment shown in Fig. 52 in that the inductance el ements 48
and 49 used in the el eventh enbodi nent shown in Fig. 52 are replaced with
capacity elenents 52 and 53. The rest -of the structure is the sane as in
the el eventh enbodi nent shown in Fig~ 22.-Fig. 59 is an equivalent circuit
di agram of the resonator shown in Fig. 58. Except for the capacity

Fig. 87 is a diagram illustrating an example in the
nineteenth embodimenﬁ in which probes 73 and 74 are used
as the input/output coupling means;

Fig. 88 is a diagram illustrating an example in the
nineteenth embodimént in which tap coupling is performed
uéihg~coup1ing wires 75 and 76 as the input/output
coupling means;

Fig. 89 is a vérticél cross section of the filter
shown in'Fig. 83;

Fig. 90 is-a horizontal cross section of the filter
shown in Fig. 89;

Fig. 91 is an equivalent circuit diagram of the
filter shown in Figs. 89 and 90.

Fig. 92 is a converted equivalént circuit diagram of
the equivalent circuit diagram shown in Fig. 91;

Fig. 93 is a diagram illustréting an example of the
relation between the interstage magnetic field coupling-
G coefficient and the center spacing of adjacent variable

resonance capacity elements;

Fig. 94.is a diagram illustrating an example of the
transmission charécteristics over the wide band of the
filter shown in Figs. 89 through 92;

Fig. 95 is an enlarged transmission characteristics
diagram near the reéonance frequency f; in Fig. 94;

Fig. 96 is a vertical cross section of a filter in

which variable resonance capacity elements are arranged at



el ements 52 and 53, all of ‘the synbols are the same as in Fig. 53. Fig. 60
where the axis of abscissa and the axis of ordinate are the sane as in Fig.
54, is a diagramillus- trating the transm ssion characteristics of the
resonator shown in Fig. 58. In this enbodi nent, the slope of the
attenuation characteristic curve in the frequency region |ower than the
resonance frequency [err] is gentle~ @Bile the slope of the attenuation
characteristic curve in the frequency region higher than the resonance
frequency [err] is
specific 1ntervals, and interstage magnetic field coupllng
adjustment elements are interposed between adjacent varia-
ble resonance Capacity elements;
Fig. 97 is a horizontal cross section of the filter
shown in Fig. 96;
Fig. 98 is a vertical cross section of a filter
constructed such that the interstage magnetic field
coupling coefficient is adjusted by another type of inter-
stage - magnetic field coupling adjustment element;
Fig. 99 is a horizontal cross section of the filter
shown in Fig. 98;
Fig. 100 is a vertiéal cross section of another
example of a filter constructed using the resonator shown
in Fig. 83;
Fig. 101 is a vertical cross section of another
example of a filter in which the stages are coupled by
capacitive coupling;
. Fig. 102 is a vertical cross section of the twentieth
embodiment according to thé present invention.
Fig. 103 is a horizontal cross section of the
resonator of the twentieth embodiment according to the
present invention;
Fig. 104 is an equivalent circuit diagram of the
resonator shown in Fig. 103;

Fig. 105 is a diagram illustrating an example in the

twentieth embodiment in which the input terminal 96 and



steep, and a transmi ssion-inhibition band is forned in the frequency region
I ncl udi ng the resonance frequency [err] - 58 - Fig. 61 is a vertical
cross section of the resonator of the fourteenth enbodi ment according to
the present invention. This enbodinent is the same as the enbodi nent shown

- 29 -

the fixed electrode 93 are capacitiveiy coupled by the
capacity element 102, and the output terminal 97 and the
fixed electrode 93 by the capacity element 103}

Fig. 106 is.a diagram illustrating an example ‘in the
twentieth embodiment in which probes 104 and 105 are used -
as the input/output coupling means.

Fig. 107 is a diagram illustrating an example in the
twentieth embodiment in which loops 106 and 107 are used
as the input/output coupling means;

Fig. ‘108 is a veitical cross section of the resonator
of the twenty—first_embodiment according to the present
invention;

Fig. 109 is an equivalent circuit diagram of the
resonator shown in Fig. 108; |

Fig. 110 is a diagram illustrating the transmission
characteristics of the resonator shown in Fig. 108;

Fig. 111 is a vertical cross section of the resonator

\_ of the twenty-second embodiment according to present
invention;

Fig. 112 is an equivalent circuit diagram of the
resonator shown in Fig. 111;

Fig. 113 is a diagram illustrating the transmission
characteristics of the resoﬁator shown in Fig; 111;

- Fig. 114 is a vertical cross section of the resonator
in the twenty-third embodiment according to the present

invention.



in Fig. 58 in that the capacity elements 52 and 53 are used as transm ssion
characteristic conpensation elenents, and is the sane as the twelfth
enbodi ment shown in Fig. 55 in that the coupling element is forned such’
that tap coupling will be perforned using the inductance el enment 51. The
rest of the structure is the same as in the thirteenth enbodi nent shown in
Filg. 58. Fig. 62 is an equivalent circgbt -di agram of the resonator shown in
Fig. 61. Except for the inductance elenent 51, all of the synbols are the
same as in Fig. 59. _
- Fig. 115 is an equivalent circuit diagram of the
resonator shown in Fig. 114;
Fig. 116 is a diagram illustrating the transmission
characteristics bf the resonator shown in Figqg. 1145
Fig. 117 is a vertical cross section of the resonator
of the twenty-fourth embodiment according to the present
invention;
Fig. 118 is an equivalent circuit diagram of the
resonator shown in Fig. 117;
Fig. 119 is a diagram illustrating the transmission
characteristics of the resonator shown in Fig. 117;
Eig.'120 is a vertical cross section of an embodiment
in which the coupling element 110 in the practical example
shown in Fig. 109 has been replaced with a probe 104;
Fig. 121 is a vertical cross section of an embodiment
in which the coupling element 110 in the embodiment shown
in Fig. 108 has been replaced with a loop 106;
s ' Fig. 122 is a vertical cross section of an embodiment
in which the coupling element 110 in the embodiment shown
in Fig. 114 has been replaced with a probe 104;
Fig. 123 is a vertical cross section of an embodiment
in which the coupling element 110 in the embodiment shown
in Fig. 114 has been replaced-with a loop 106;
Fig. 124 is a vertical cross section of a filter

constructed using the resonator shown in Fig. 102;

Fig. 125 is a horizontal cross section of a filter



Fig. 63 where the axis of abscissa and the axis of ordinate are the sane as
in Fig. 60, is a diagramillus- trating the transm ssion characteristics of
the resonator shown in Fig. 61, which is substantially the sane as the
characteristics shown in Fig. 60. Figs. 64 through 67 are cross sections
illustrating the fifteenth through eighteenth enbodi nents according to the
present invention. The resonator showBdin-Fig. 64 has a probe 44 in place
of the coupling elenment 50 in the enbodi nrent shown in Fig. 52; the
resonator shown in Fig.

constructed using the resonator shown in Fig. 102;

Fig. 126 is an equivalent circuit diagram of the
filter shown in Figs. 124 and 125;
Fig. 127 is alconverted equivalent circuit diagram of
the equivalent circuit diagram shown in Fig. 126;
Fig. 128 is a diagram illustrating an example of the
relation between the interstage magnetic field coupling

coefficient and the interval of the centers of adjacent

kj_ resonance capacity elements;

Fig. 129 is a vertical éross sectién of a band-pass
filter in which the interstage coupling consists of elec-
tric field coupling;

Fig. 130 is an equivaient circuit diagram of the
band-pass filter shown in Fig. 129;

Fig.'131 is a‘éonﬁerted equivalent circuit diagram of
the equivalent circuit diagram shown in Fig. 130.

\ ' h BEST MODE FOR IMPLEMENTING THE INVENTION

Fig. 3 is a verﬁical cross section of the resonator
of the first embodiment according to the present inven-
tion, Fig. 4 is a horizontal cross section thereof, and
Fig. 5 is a vertical cross section rotatéd 90° from Fig.
3.

The resonator of this embodiemnt comprises a cubic
external conductor 1, a slenderx ribbdn-shaped dielectric

plate 2, capacity formation electrodes .3 and 4, an input



65 ‘has a loop 46 in place of the coupling elenent 50 in the enbodi nent
shown in Fig. 52; the resonator shown in .- 59 - Fig. 66 has a probe 44
in place of the coupling elenment 50 in the enbodi mrent shown in Fig. 58 ;
and the resonator shown in Fig. 67 has a loop 46 in place of the coupling
el ement 50 in the enbodi nent shomn if ggg; 58. The rest '

tefminal 5, an outbut terminal 6, an input'cqubling wire

7, an output coupling wire 8, a resonance frequency fine-
tuning element 9, and a lock nut 10 that is used to fix

the fine-turning element 9. The external conductor 1 may

also be a bottomed cyliﬁder. .

The ubper and - lower ends of the-dielectric plate 2.
are fixed by an adhesive agent or other suitable means to
the upper and lowéf walls, respectively, of the external

. conductor 1.

The capacity formation electrodes 3 and 4 are made of
métal thin layers bonded to the front and back of.the
dielectric plate 2, or of metal plates applied to the
front and back of fhe dielectric plate 2. As shown in
Fig. 5, regardless of whether the capacity formation
electrodes 3.and 4 are made of a metal thin layer or a.
metal plate,-the'lower end of one of the electrodes (in
this case the capacity formatién electrode 3) is electri-
cally_connected to the lower wall of the external conduc-
tor 1, and a gap of suitable width is prpvided between the
upper end of the capacity formation electrode 3 and the
upper wall of the external conductor 1 so that both may
.not be electrically connected each other. The upper end
of the capacity formation electrode 4 is electrically
connected to the upper wall of the extermnal conductor 1,
and a gap of suitable width is provided between the lower

end of the capacity formation electrode 4 and the lower



of the structure'in the respective Figs. is the sane as the structure in
Fig. 52 or 58. Fig. 68 is a vertical cross section of a filter constructed
using the resonator shown in Fig. 46, and Fig. 69 is a horizontal cross
section thereof. This filter conprises an external conductor 31C, fixed
el ectrodes [err] through 334 which are the sane as the fixed el ectrode 33
shown in Fig. 46, variable electrodes 341.through [err] that nake up the
vari abl e resonance capac- ity elenment along with the fixed el ectrodes 331
through wall of the extefnal conductor 1 so that both may not be
electrically connected each other. |

The input terminal 5 and thé output terminal 6 both
consist of coaxial.plugs, for example, and the external
conductor that forms each coaxial plug is connected to the
external conductor 1. One end of the input coupliné wire
7 is ponnected to the internal conductor of the input
terminal 5, and the other end is connected to the capacity
formation electfode 3. One end of the output coupling
wire 8 is connected to tﬁe internal conductor of the
output terminal 6, and the other end is connected to the
capacity formation electrode 3. The fine—tuning element 9
is in this case made of a metal screw threaded into the
wall of the exteinal'conductor 1.

In the resonator ponstructéd in this manﬁer, a
parallel resonance circuit whose equivalent circuit is
shown in Fig. 6, is composed of the distributed inductance
resulting from the external conductor 1 and the capacity
of thé resonance capacity element formed by the dielectric
plate 2 and the capacity formation éleCt£dées 3 and 4. In
Fig. 6, a symbol R represents the reSonénce circuit, a
symbol Mgp represents the input magnetic field coupling
coefficient, and a symbol Mpg represents the output
mégnetic field coupling coefficient.

When high-frequency power is applied, for example, to

the input terminal 5, the electromagnetic field



[err] and are the sane as the novable el ectrode 34 shown in Fig. 46, |ock
nuts 351 through 354 which are used to fix the variable el ectrodes 341
through 344, an input termnal 36, an output termnal 37, an input coupling
wire 38, an output coupling wire 39, resonance frequency fine-tuning
elenents [err] through [err], and lock nuts [err] through 414 that are used
to fix the fine-tuning el ements [err}l ghrough [err]. Fig. 70 is an
equi valent circuit diagramof the filter shown in Figs. 68 and 69. Synbols
[err] through [err] .
distribution in this resonator becomes as shown in Figs. ¢
and 5. The broken 1ine H marked with arrows in Fig. 4
represents the magnetic field, the solid arrowed line E in
Fig. 5 represents the electric field vectdr, and the solid
arrowed line I represents the current.

Since the inductance is relatively small, and the
capacity is relatively large in this resonator, this
resonator is a low impedance type with good withstand
voltage characteristics.

If a material with a high dielectric constant and a
dielectric loss that is nearly zero is used as the dielec-
tric plate 2 in the resonance capacity element, then the Q
(Qq) of the resonance capacity element consisting of the
dielectric plate 2 and the capacity'formation electrodes 3
and 4 can be ignored. Since the electromagnetic energy
that can be accumulated in this resonator will correspond
to the volume of the external conductof 1, and the

\/-' resistance in the metal portion of this resonator can be
kept éxtremely low, an extremely large unloaded Q can be
obtained.

The magnitude of the_unloadéd Q (Qy) when the
external conductor 1 and the capacity .formation electrodes
3 and 4 are made of copper in this resonator will vary
with the ratio of the inductance to the capacity in the

resonator. The inventor was able to obtain the following

experimental equation for unloaded Q (Qy) through the use



represent resonance circuits, the synbol [err] represents the input
magnetic field coupling coefficient, the synbol - 60 - [err] represents
t he out put magnetic field coupling coefficient, and synbols [err] through
[err] represent the interstage magnetic field coupling coefficients. Fig.
71 is a converted equivalent circuit diagram of

- 35 -
of prototypes.
Qp 5 20 £5% o SH e (1)
' where f; is resonance frequency (MHz) and SH is the

L

height (cm) of the external conductor 1 (seg %ig; 5).

In this embodiment, tap coupling with the coupling
wires 7 and 8 was given as an exampie of means for
coupling in a high-frequency fashion the input terminal 5
with the capacitf formation electrode 3, and the output
terminal 6 with the capacity formation electrode 3.
However, means for capacitively coupling the input termi-
nal 5 with the capacity formation electrode 3 via the
capacity element 11 and means for capacitively coupling
the output terminal 6 with the capacity formation 3 via
the capacity element 12 may also be used, as sﬁown in Fig.
7. In addition, probes 13 and 14 may be used as the
input/output coupling means, as shown in Fig. 8.

Loops 15 and 16 may also be used as the input/output

" coupling means, aé shown in Figs. 9 and 10 which are the
vertical cross section and the horizontal cross section,
respectively, of the resonator.

The above descriptions are all for a case in which
the éapacity formation electrode 3 that forms the
resonance capacity élement is coupled in high-frequency
fashion to the.inpﬁt terminal 5 and the output terminal 6.
However, the present invention can also be implemented

with a structure in which the capacity formation electrode



t he equivalent circuit diagramshown in Fig. 70, and the synbols are the
sane as in Fig. 70. Although Figs. 68 through 71 illustrate an exanple in
whi ch the input/output coupling elenents is nade of the tap coupling wres
38 and 39, a capacity coupling el enent conposed of the capacitors 42 and 43
or the probes 44 and 45 or a magnetic field coupling el enent conposed of
the | oops 46 and 47 nmay, al so be used-t 36i Fpl enent the present invention, as
shown in Figs. 49 through 51. The band-pass filter shown in Fig. 68 through

7t can 4 is coupled in high-frequency fashion to the input
terminal 5 and the output terminal 6.

In Figs. 7 through 10, the reference numerals that
are the same as in Fig. 1 indicate the same elements.

Fig. 11 is a vertical cross sectidn of the resonator
of thé second embodiment according to the present inven-
tion, Fig. 12 is an equivalent circuit diagram thereof,
and Fig. 13 is a diagram illustrating the transmission
characteristics thereof.

In this embodiment, a low-pass filter circuit is
composed of inductance elements 17 and 18 for the compen-
sation of transmission characteristics, interposed between
the connection terminals S5 and 6 for an external circuit;

" and a capacity element 19 connected between the capacity
formation electrode 3 and the connection point of the in-
ductance elements 17 and 18. In this resonator, as shown
by the transmission characteristics in Fig. 13 where the

\u/' axis of abscissa represents the frequency and the axis of
ordinate represents the amount. of attenuation, the slope’
of the attenuation characteristic éﬁr;é in the frequency
region lower than the resonance frequency fo is steep,
while the slope of the attenuation charactefistic curve in
the frequency region higher than the resonance frequency
fp is gentle, and a transmission inhibition band is forﬁed
in the frequency region including the resonance frequency

£0-



be designed in the same manner- as the band-pass filter shown in Figs. 33
through 36. Fig. 72 is a diagramillustrating an exanple of the relation
bet ween the interstage magnetic field coupling coefficient and the center
spaci ng of adjacent resonance capacity elenents, obtained as a result of
repeated exper- inmentation with prototypes by the inventor. The axis of
absci ssa represents (d - 0.3C)/Wwhere3d@ s the center spaci ng of adjacent
resonance capacity elenents (see Fig. 68), Cis the external dianeter of

the fixed el ectrodes
The resonance frequency f; of the circuit composed of

the resonance circuit R and the coupling-use capacity
element 19 changes éccording to the éapacity of the
coﬁpling—use capacity element 19. .The fine tuning of the
resonance frequency can also be performed by the provision
of an adjustment element simlilar to the resonance
frequency fine-tuning element 9; as shown in Fig. 4.

Fig. 14 is a vertical'cross section of the resonator
of the third embodiment according to the present inven-
tion, Fig. 15 is an equivalent circuit diagram thereof,
and Fig. 16 is a diagram illustrating the transmission
characteristics thereof. |

This embodiment differs froﬁ the second embodiment
shown in Fig. 11 in that the coupling of the connection
point of the inductance elements 17 and 18 with the
capacity formation electrode is performed by tap coupling
using an inductance element 20, and in that the resonance
frequency f of the circuit composed of the resonance
circuit R and the coupling-use inductance element 20
chaﬁges according to the inductance.of the inductance
element 20. The rest of the structure and operation is
substantially the same as in the second embodiment shown
in Fig. 11.

Fig. 17 is a vertical cross section of the resonator
of the fourth embodiment according to the present inven-

tion, Fig. 18 is an equivalent circuit diagram thereof,



33 through [err]. that formthe variabl e resonance capacity el enent (see
Fig. 68), and Wis the width of the external - 61 - conductor 31C (see
Fig. 69). The axis of ordinate represents the interstage nagnetic field
coupling coefficient [err] The transm ssion loss L of the band-pass filter
shown
: ~ 38 -
and Fig. 19 is a diagram illustrating the transmission
characteristics thereof.

This embodiment differs from the second embodiment

shown in Fig. 11 in that the inductance elements 17 and 18
in the second embodiment shown in Fig. 11 are replaced
with capacity elements 21 and 22. The rest of the
structure is the same as in the second shown in Fig. 11.

As shown in Fig. 19, in this embodiment, the slope of
the attenuation characteristic curve in the frequency
region lower than the resonance freQuency fy is gentle,
while the slope of the attenuation characteristic curve in
the frequency region higher than the resonance frequency
fo is steep, and a trahsmission inhibition band is formed
in the frequency region including the resonancé frequency
fo-

Fig. 20 is a vertical cross section of the resonator
of the fifth embodiment according to the present inven-
tion, Fig. 21 is an equivalent circuit diagram fhereof,
and Fig. 22 isia diaéram illustrating the transmission
characteristics thereof.

This embodiment is the 5ame as the fourth embodiment
shown in Fig. 17 in that the capacity elements 21 and 22
are used-as transmission characteristic compensation
elements, and is the same as the embodiment shown in Fig.
14 in that tap coupling is performed using the inductance

element 20. The rest of the structure is the same as in



in Figs. 68 through 71 is expressed by equation (13). An exanple of the
transm ssion characteristics of the filter shown in Figs. 68 through 71 is
shown in Fig. 40. Fig. 73 is a vertical cross section of a band-pass filter
in which the interstage coupling consists of capacitive coupling. This
filter conprises an external conductor 31C, fixed electrodes [err] through.
[err] lock nuts -35 through 354, an ixp3® +erm nal 36, an output term nal

37, an input coupling capacity el ement 5461 interstage coupling capac-

the fourth embodiment shown in Fig. 17.

Figs. 23, 24, 25, and 26 are vertical cfoss sections
of the sixth, seventh, eighth, and ninth embodiments of
the present invention, respectiveiy. |

The resonator shown in Fig. 23 has a probe 13 in
place of the coupling element 19 of the second embodiment
shown in Fig. 11; the resonator shown in Fig. 24 has a
loop 15 in place of the coupling élement 19 of the secoﬁd
embodiment shown in Fig. 11; the resonator shown in Fié.
25 has a probe 13 ih place of the coupling element 19 of
the fburth embodiment shown in Fig. 17; and the resonator
shown in Fig. 26 has a loop 15 in place of the couplingl
element 19 of the fourth embodiment shown in Fig. 17. The
rest of the structure in the respective Figs. is the
same as the structure in Figs. 11 or 17.

Fig. 27 is a cross section of a filter constructed
using a plurality of the resonators shown in Fig. 11.

This filter comprises an external conductor 1C,
partition walls lsi, 184, and 1S3, resonanée capacity
elements CE;, CE,, CEgj, and CEy4, external circuit connec-
tion terminals 5 and 6, inductance elements 174, 18, 17,5,
18,, 173; 185, 174, and 18, for the compensation of trans-
mission characteristics, and coupling capacity elements
194, 195, 193, and 194.

The resonance capacity eléments CE; through CE4 have .

the same structure as the resonance capacity element shown



ity el enments 5412 through 5434, and an output coupling capacity el enent
[err]. Fig. 74 is an equivalent circuit diagramof the band-pass filter
shown in Fig. 73. Synbols [err] through [err] represent resonance
circuits, the reference nuneral 5461 represents the input coupling

capacity, the reference nunerals 5412 through [err] represent the

I nterstage coupling capacity, and the40eference nuneral 5447 represents the
out put coupling capacity. Fig. 75 is a converted equivalent circuit diagram

of in Fig. 3. Specifically, electrodes made of a metal thin
plate or a metal plate are provided on the front and back
sides of a dielectric plate whose upper and lower ends are
fixed to the upper and lower walls, respectively, of a
common external conductor IC, the lower end of one of the
electrodes is electrically connected to the lower wall of
the common external conductor IC, and a gap is formed
betwéen the upper end of said one électrode and the upper
wall of the common external conductor IC, while the upper
end of the other electrode is electrically connected to
the'upper wall of the external conductor IC, and a gap is
formed between the lower end of fhe other electrode and
the lower wall of'the external conductor IC.

Fig. 28 is an equivalent circuit diagram of the
filter shown in Fig. 27. Symbéls.Rl through R, represent
resonance circuits composed of the common external
conductor IC and the resonance capacity elements CEq
through CE4; reference numerals 171; 1874 through 1875,
and 18,4 represent inducfance elements for the compensation
of transmission characteristics; the reference numeral
187, represents a synthetic inductance element of ‘the
inductance elements 18; and 17, in Fig. 27; the reference
numeral 187, represents a syntheﬁic inductance element of
the inductance elements 18, and 173; the reference numeral
1873 represents a synthetic inductance element of the

inductance elements 183 and 174; and reference numerals



t he equivalent circuit diagramshown in Fig. 74, and the synbols are the
sane as in Fig. 74. - 62 - Although Fig. 73 shows an exanple in which
the input/output coupling el enments are nade of capacity el enents, tap
coupling wires, probes, |oops, or other such high-frequency coupling neans
may al so be used. _ : :
- 41 -
19; through 19, represent coupling capacity elements.
The transmission characteristic of the filter shown

in Fig. 27 is the superimposition of the transmission
characteristics of the resonators.at all stages composing
this filter, that is, the superimposition of the transmis-
sion characteristics substantially the same as the trans-
missibn characteristics shown.in Fig. 13. The resonance
frequencies (f3 in Fig. 13) of a11 stages composed of a
resonator and a coupling-use capﬁcity element are repre-
sented by fg; through fo4, respectively. Suitable adjust-
ment of these resonance frequencies such that they ap-
proach each other, for instance, allows a region Qf inhi-
bition with a large amount of attenuaﬁion to be realized,
while adjustment of these resonance frequencies fg,
through fg5, to adequatély separated values allows a region
of inhibition with a wide range of frequency to be real-
ized.
N, Fig. 29 is an equivalent circuit diagram of a filter

constructed using a plurality of the resonators shown in

' Fig. 14. The reference numerals 20; through 204 represent

coupling-use inductance elements (ta? coupling), and the

rest of the symbols are the same as in Fig. 24.

The transmission characteristics of this filter
represented by the équivalent circuit shown in fig. 29, is

the superimposition of the transmission characteristics of

the resonators at all stages composing this filter, that



An exanpl e of the transm ssion characteristics of the band-pass filter
Cross section

of a filter constructed using the resonator shown in Fig. 52. Fig. 77 is a
right side view of Fig. 76. This filter conprises an external conductor

shown in Fig. 73 is shown in Fig. 40. Fig. 76 is a verti cal

31C, partition walls [err] through 31S3 nade of conductor plates, fixed

el ectrodes [err] through [err], novabl&2etectrodes [err] through [err]
nuts [err] through [err] that are used to fix the novabl e el ectrodes 34

-through 344, '

is, the superimposition of the transmission characteristics
substantially.the same as the transmission characteristics
shown in Fig. 16. Suitable adjustment of each resonance
frequeﬁcy allows the.frequency range and the amount of
attenuation in the synthesis inhibition region to be
suitably adjusted.

Fig. 30 is a vertical cross section of a'filter
constructed using the resonator shown in Fig. 20.

This filter comprises an external conductor 1C,
partition walls 1Sy, 1S5, and 1S3, resonance capacity
elements CE;, CEZ,.CE3, and CE,, external circuit connec-
tion terminals 5 and 6, inductance elements 211, 221, 212,
2245, 213, 223, 214, and 22, for the compensation of trans-
mission characteristics, and inductance elements'zol, 205,
205, and 204 for the tap coupling.

Fig. 31 is an equivalent circuit diagram of the
filter shown in Fig. 30. Symbols R; through R4 represent
resonance circuits, reference numerals 21,, 2214 throﬁgh
2213, and 22, represent capacity elements for the compen-
sation of transmission characteristics; the reference
numerals 221, represents a synthetic sapacity element of
the capacity elements 22; and 21, in Fig. 26; the
reference numeral 221, represents a synthetic capacity
elemenﬁ of the capacity elements 22, and 215; ths
reference numeral 221, represénts a synthetic capacity

element of the capacity elements 223 and 21,4; and

| ock



external circuit connection termnals 36 and 37; inductance elenents [err]
through 484 and [err] through [err] for the conpensation of transm ssion
characteristics, and coupling capacity elements [err] through [err] Fig. 78
is an equivalent circuit diagramof the filter showm in Fig. 76. Synbols
[err] through [err] represent resonance_circuits conprising a conmon
external conductor 31C and variabl e reédnance capacity el enents conposed of
fixed electrode [err] through [err] and novabl e el ectrodes [err] through

344; the reLg%ggggcguH%&%kng[sba]thgggaﬂh204 represent inductance

elements for tap coupling.

The transmission characteristics of the filter shown
in Fig. 30 is the superimposition of the transmission
characteristics of the resonators at all stages composing
this filtexr, that is, the superimpositidn of the transmis-
sion characteristics substantially the same as the
transmission characteristics shown in Fig. 22. Suitable

N~ adjustment of these resonance frequencies allows  the
frequency range and the amount of attenuation in the
synthesis inhibition region to be suitably adjusted.

Fig. 32 is an equivalent circuit diagram of a filter
constructed using the resonator shown in Fig. 17. Reference
numerals 19y through 194 represent coupling-use capacity
elements, and the rest of the symbols are the samé.as in
Fig. 31.

The transmission characteristics of this filter
expreséed by the equivalent circuit éhown in Fig. 32, is
fhe superimposition of the transmission characteristics of
the resonators at all stages composing this filter, that
is, the supérimposition of the transmission characteris-
tics substantially the same as the transmission character-
istics shown in Fig; 19. Suitable adjustment of these
resonance frequencies allows the frequency range and the
amount of attenuation in the synthesis inhibition region

to be'suitably adjusted."



[err] and [err] represent inductance elenents for the conpensation of
transm ssion characteristics; the - 63 - reference nuneral [err]
represents a synthetic inductance el enment of the inductance elenents [err]
and [err] shown in Fig. 75, the reference nuneral 4982 represents a

synt hetic inductance el enment of the inductance el enents 492 and 483,

- 44 -

Although Figs. 27 through 32 illustrate examplés in
which four résonance'capacity elements are provided, that
is, when the order n Qf_the circuit is 4, the present
invention cén also be implemented when order of the
circuit is suitably increased or decreased.

.Fig. 33 is a vertical cross section of a filter
constructed using the resonator shown in Fig. 3, and Fig.
34 is a horizoﬁtal cross section thereof.

This filter comprises an external génductor 1C,
resonance capacity elements CE,, CEziJéE3, and CE4 having
the same structure as that described for Fig. 23, an input
terminal 5, an output terminal 6, an input coupling wire
7, an output coupling wire 8, resonance frequency fine-
tuning elements 9;, 95, 33, and 94, and lock nﬁts 104,
102,.153, and 104 that is used to fix the fine-tuning
elements 9, 9,, 93, and 9,.

Fig. 35 is an equivalent circuit diagram of the

\_ filter shown in Figs.,33 and 34. Symbols R; through Ry
represent resonance circuits, the symbol Mg, represents
the input magnetic field coupling coefficient, the.symbol
M, represents the output magnetic field coupling coeffi-
cient; and symbols M;, through M3, represent interstage
magnetic field coupling coefficients.

Fig. 36 is a converted equivaient circuit diagram of
the equivalent.circuit diagram shown in Fig. 35. The

symbols are the same as in Fig. 35.



the reference nuneral [err] represents a synthetic inductance el enent of

t he i nductance el enents 493 and 484, and the reference nunerals [err]

t hrough 504 represent coupling-use capacity elements. The transm ssion
characteristics of the filter shown in Fig. 76 is the superinposition of
the transm ssion characteristics of the resonators at all stages conposing
this filter, that is, the superinpositd®onmr of the transm s- sion

characteristics substantially the sane as the transnission characteristics
shown in Fig. 54. The
' Alhtough Figs. 33 through 36 illustrate examples in

which the order n of the circuit is 4, the present
invention can also be implemented when the order of the
circuit is suitably increased or decreased. In addition,
although Figs. 33 through 36 illustrate examples in which
the input/output coupling elements.cohsist of the tap
coupling wires 7 and 8, a capacity coupling element
composed.of the capacitors 11 and 12 or the probes 13 and
14 or a magnetic field coupling element composed of the
loopé 15 and 16 shown in Figs. 7 through 10 may also be
used to implement the present invention.
In the design of the band—pass filter shown in Figs.
33 through 36, element values are determined for a .
normalized low-pass filter, and then circuit constants are
determined from these value to obtain the required trans-
mission characteristics, as in a conventional design
method. It wiil now be described how a band-pass filter
U whose pass band exhibits Chebyshev characteristids and
whose attenuation band exhibits Wagner characteristics is
designed based on the elemenf values gi through g, of a
normalized Chebyshev low-pass filter, whose circuit
.diagram is shown in Fig. 37 and whose transmission
characteristic curve is-shown iﬁ Fig. 38 (whére the axis
of abscissa represents the normalized frequency, the axis
of ordinate represents the amount of attenuation, and £,

is the normalized cut-off frequency).



resonance frequencies [err] in Fig. 54) of all stages conposed of a
resonator and a coupling-use capacity elenent are represented by [err]
through [err] respectively. Suitable adjustnent of these resonance
frequenci es such that they approach each other, for instance, allows a
region of inhibition wwth a | arge anount of attenuation to be realized,
whi | e adjustnent of these resonance f£rgguencies [err] through [err] to
adequately separated values allows a region of inhibition with a wi de range

of frequency to be realized.
Let the voltage standing-wave ratio (VSWR) within the
pass band that is pefmissible-in terms 6f the design of
the band pass filter be S, then the permissible ripple L.
within the pass band is,expressed by“the following
equation (2).

L. = 10 log {(S + 1)2 / 48} (dB) «-- (2)

r

The permissible ripple L, is determined from the

above equation, the order n of the circuit is also deter-

~ mined, the element value.gl is determined from equation
(3), aﬁd the élement values g, through g, are determined
from equation (4). |
g, = 2a1/r see  (3)
gx = (4ay_7 = ay) /- (byx_3 * 9x-1) see (4)
k=2,3 ..., 1 |
where |
r = sinh (B/2n) eee  (5)
$ =1, {coth (L,./17.37)} eee  (6)
\ a) = sin {(2k - 1)w / 2n} see  (7)

by = r2 + sin? (kn/n) e+ (8)

In Fig..37, Ry, is the load resistitace. When the
order n of the circuit is an odd number,

and when the order n of the circuit is an even
number,

Ry, = coth? (B/4) .-+ (10)

The input/output magnetic field coupling coefficients



Fig. 79 is an equivalent circuit diagramof a filter constructed using the
filter showmn in Fig. 55. Reference - 64 - nunerals [err] through 514

represent tap coupling-use inductance elenments, and the rest of the synbols
are the sane as in Fig. 78. The transm ssion characteristics of this filter

- 47 -

and the interstage magnetié field coupling coefficients
can be determined from equations (11) and (12) and the
pass band width Bwr, the required center frequency fo of
the band-pass filﬁer,-and~the element values g, through g,
determined from equations (3) and(4).

If we express the input/output magnetic field
coupling coefficients as Mgy and My gy

Mgy = My pe1 5 2/gp (BWr/£g)%  eee (11)

_ If we express the interstage magnetic field coupling
coeffiéient-as Mip = Mn—l,n and My3 = Mn—2, n-ls ++-r and
if we determine these and express them aé My, k+1 (k = 1,
2, ceag D = l);

My i1 5 A47(9x ¢ Gpe1) )T ¢ Bux/fg eee (12)

The center spacing of adjacent resonance capacity
elements can be determined using Fig. 39 and the inter-
stage magnetic field coupling coefficient Mk,.k+1'deter—
mined from equation (12).

Fig. 39 illustrates an example of_the relation
betﬁeen the interstage magnetic field coupling coefficient
and the center spacing of adjacent resonance capacity
elements, obtained as a result of repeated éxperimentation
with prototypes by the inventor. The axis of abscissa
represents (d - 0.3C)/W where d is the center spacing of
adjacent resonance capacity elements (see Fig. 335, C is
the width of the resonance capaciﬁy element (see Fig. 33)’.

and W is the width of the common external conductor (see



expressed by the equivalent circuit shown in Fig. 79, is the
superinposition of the transm ssion characteristics of the resonators at
all stages conmposing this filter, that is, the superinposition of the
transm ssion characteris- tics substantially the sane as the transm ssion
character- istics showm in Fig. 57. Suitable adjustnment of resonance
frequency at each stage allows the f+e¢@ency range and the anount of
attenuation in the synthesis inhibition region to be sutiably adjusted.
Flg 80 is a vertical cross section of a filter

Fig. 34). The axis of ordinate represents the interstage

magnetic field coupling coefficient My x+1-

The transmission loss L of the band-pass filter shown
in Figs. 33 through 36 is expressed by the following
equation. |

L (dB) = 10 log {1 + [(S - 1)274S]T2, (x)} -+ (13)

where T, (%) is a Chebishev polynomial;
-1

when x < 1, T, (x) cos (n cos x), and

~ when x > 1, T, (%) = cosh (n cosh™ 1 x).

x is the ﬁormalized frequency,

x = (£o/Bwr)[£/£q - £q/E]

fo is the center frequency in the BPF pass band,

f is an arbitrary transmission frequency,

Bwr ié the permissible pass bénd frequency width, and

S is the permissible voltage standing-wave ratio

(VSWR) within the pass band.

Fig. 40 is a diagram illustrating an example of thé

o transmission characteristics of ﬁhe filter shown in Figs.

33 through 36. The axis of abscissé'represents the
frequendy, and the axis of ordinafe represents the amount
of attenuation.
Although Fig#. 27, 30, 33, and 34 all give examples
in which resohance capacity elements are provided such
" that the.width directions of the resonance capacity
elements CE; through CE4 will be parallel to the

lengthwise direction of the common external conductor IC,



constructed using the résonator shown in Fig. 61. This filter conprises an
external conductor 31C, partition walls [err] through [err] nade of
conductor plates, fixed electrodes [err] through 334, novabl e el ectrodes 34
‘through 344, external circuit connection terminals 36 and 37, inductance
el enents 521 through 524 and [err] through [err] for the conpensation of
transm ssion characteristics and tap-cpupling inductance elenents [err]
through 514. Fig. 81 is an equivalent circuit diagramof the

'in all of the embodiments, as shown by the cross section

of principal components in Fig. 41 (a cross section

similar to Fig. 34), the present invention can also be
implemented with the . resonance capacity elements CE;

through CE, arranged such that their Qidth directions are

at a right angle té the lengthwise direction of the common
external conductor IC.

When a bnad-pass filter is constructed with the
resonance capacity elements which are afranged as shown in
Fig. 41 and coupled to adjacent elements each other by
magnetic field coupling, the design method thereof is the
same as the design method for the band-pass filter shown
in Fig. 33. A band-pass filter having the required trans-
mission characteristics can be realized through suitable
correction of the value of C in the axis of abscissa (d -
0;3C)/W of Fig. 39, which is used to determine the éenter
spacing of the resonance capacity elements, or in other
S ~ words, since the value of C corrésponds to the width of

| the resonance capacity elements, through correction of the

value of C to a value that corresponds to the thickness of
the resonance capacity element whén.the resonance capacity
elements are arranged as shown in Fig. 41. |

Fig. 42 is a vertical cross section of a bandfpass
filtex in which the interstage coupling consists of

capacitive coupling (a cross section at the same location

as in Fig. 33).



filter shown in Fig. 80. Synbols [err] through [err represent resonance
circuits, the reference nunerals [err] - 65 - through 5323, and [err]
represent capacity elenents for the conpensation of transm ssion
characteristics; the reference nuneral [err] represents a synthetic
capacity.elenent of the capacity eleﬁegzs_[err] and [err] in Fig. 80;

This filter comprises an external conductor 1C,
resonance capacity elements CE; ﬁhrough CE4, an input
terminal 5, an output terminal 6, an input couplipg P
capaciﬁy element 23g,, interstage ébupiing capacitfr .
elements 23y,, 5323, and 2334, and an output coupling
capacity element 23,¢.-

Fig. 43 is an equivalent circuit diagram of the
band-pass filter shown in Fig. 42. Symbqls R; through Ry
represent resonance circuits, the reference numeral 2351
represents the input coupling capacity, reference numerals
231, through 234, represent interstage coupling capaci-
ties, and the reference numeral 234 represents the output
coupling capacity.

Fig. 44 is.a converted equivalent circuit diagram of
the equivalent circuit diagram shown in Fig. 43.

Although Fig. 42 shows an example in which the

 input/output coupling elements consist of capacity
elements, tap coupling Wires, probes, loops, or other such
high-frequency coupling means may also be used.

Fig. 45 is a diagram illustrating an example of the
transmission characteristics of the band-pass filter shown
in Fig. 42. The axis of abscissa represents the frequen-
cy, and the axis of ordinate represents the amount of
attenuafion.

Fig. 46 is a vertical cross section of the resonator

of the tenth embodiment according to the present



t he referénce'nuneral 5322 represents a synthetic capacity elenment of the
capacity elenents 532 and 533; the reference numeral 5323 represents a
synt hetic capacity elenment of the capacity elenents 533 and 524; and the
reference nunerals 511 through [err] represent inductance elenents for tap
coupling. The transm ssion characteristics of the filter shown in Fig. 80
I's the superinposition of the transm-s5boRr characteristics of the

" resonators at all stages conmposing this filter, that is, the
superinposition of the transm s-.

invention. Fig. 47 is a horizontal cross section thereof.

‘The resonator of this embodiment comprises a cubic
external conductor 31; a variable resonance capacity
element 32 made of a solid dielectric hollow cylinder, a
fixed electrode 33, and a movable electrode 34; a lock nut
35 that is used to fix the movable electrode 34; an input
terminal 36; an output terminal 37; an input coupling wire
38; an output coupling wire 39; a resonance frequency
fine—funing element 40; and a lock nut 41. The external
conductor 31 may also be a bottomed cylinder.

The lower end of the hollow cylinder 32 is fixed to
the lower wall of the external conductor 31 by an adhesive
agent or another suitable means, and the upper ‘end faces
the upper wall of the external conductor 31 a suitable
distance away.

The fixed electrode 33 is made of silver or another
metal thin layer bonded around the outside of the hollow
cylinder 32, and the lower end thereof is electrically
connected to the lower wall of the external conductor 31
by soldering .or another suitable means.

' The movable electrode 34 is made of a solid or hollow
cylindrical conductor (such as copper) with a threaded
outside, and is screwed into the threaded hole in the
upper wall of the externél conductor 31 coaxially witﬁ the

fixed electrode 33. The insertion length of the movable

electrode 34 into the hollow cylinder 32, and therefore



sion characteristics substantially the sane as the transm ssion
characteristics shown in Fig. 63. Suitable adjustnent of resonance
frequency at each stage allows the frequency range and the anmount of
attenuation in the synthesis inhibition region to be suitably adjusted.

Fig. 82 is an equivalent circuit diagramof a filter constructed using the
resonator shown in Fig. 58. Reference hédnerals 201 through 204 represent
coupl i ng-use capacity elenents, and the rest of the synbols are the sane as

'nFe 81:£he insertion length of the movable electorde 34 into the
fixed electrode 33 can be varied through the rotation of

~ the mgvable electorde 34 in a forward or reverse direction
to move the movable electrode 34 forward and backwgrd.
The movable electorde 34 can be fixed through the lock nut
35. o

The,inpuf terminal 6 and the output terminal 7
consist, for example; of_coaxia13p1ugs, and the external
conductor forming these coaxial.plugs is connected to the
external conductor 31. The input coupling wire 38 is
connected at one end to the internai conductor of the
coaxial plug 36, and at the other end to the fixed
electrode 33. The output coupling wire 39 is connected at
one end to the internal conductor of the coaxial plug 37,
and af the other end‘to the fixed electrode 33. The
fine-tuning element 40 is made, for example, of a metal
screw threaded into the.wall of the external conductor 31,
and is fixed through the lock nut 41.

In the resonator constructed in this manner, a
parallel resonator. circuit whose equivalent circuit is
shown in Fig. 48, is formed by the distributed inductance
of the external conductor 31 and the capacity of the
variable resonance capacity element composed of the solid
dielectric hollow cylinder 32, the fixed electrode 33, and

the movable electrode 34.

In Fig. 48, the symbol R represents the resonance cir-



The transm ési on characteristics of the filter expressed by the equival ent
circuit shown in Fig. 82, is - 66 - the superinposition of the
transm ssion characteristics of the resonators at all the stages conposing
this filter, that is, the superinposition of the transm ssion '
characteristics substantially the sane as the transm ssion

- 53 -
cuit, the symbbl Mgr represents the input magnetic field
coupling coefficient; and the symbol My, represents the
output magnetic field coupling coefficient.

When high-frequency power is applied, for example, to
the coaxial plug 36, the electromagnetic field distribu-
tion in this resonator will be such.that the electric
field vector is expressed by the solid arrowed line E in
Fig. 46, the current by the solid arrowed line I in Fig.
46, and the magnetic field by the broken line H in Fig.
47. |

Since inductance is relatively small; and the
capacity is relatively large in this resonatoxr, this
resonator is a low impedande-type with good withstand
voltage characteristics.

If a material with a high dielectric constant and a
dielectric loss that is nearly zero is used as the hollow
cylinder 32 made of a solid dielectric in the variable
resonance capacity elément, then the Q (Q,) of the
variable resonance capacity element composed of the solid
dielectric hollow cylinder 32, the fixed electrode 33, and
the movable electrode 34 can be ignored. Since the
electromagnetic energy that can be accumulated in this
resonator ﬁill correspond to the volume of the external
conductor 31, and the resisténce in.the metal portion of
this resonator can be kept extremely low, an extremely

1aige unloaded Q can.be obtained.



characteristics shown in Fig. 60. Suitable adjustnment of the resonance
frequency at each stage allows the frequency range and the anount of
attenuation in the synthesis inhibition region to be suitably adjusted.

Al though Figs. 68 through 82 illustrate exanples in which four variable
resonance capacity elenents are provided, that is, when the order n of the
circuit is 4, the present invention-<d# a so be |nplenented when the order
n of the circuit is suitably increased or decreased. Although the filters

shown in Figs. 68 through 82 are
_ The inventor was. able to obtain the following

experimental equation (14) for the unlocaded Q (Q,) of this
resonator through -the use of prototypes whose external
conductor 31, fixed electrode 33 and movable electrode 34
are made of copper; altheugh the magnitude of the unloaded
Q (Q,) will also vary with the ratio of the inductance to
the capacity in the resonator.

0, 5 20 £41/2 . sm cee (14)

where f; is the resonance frequency (MHz) and SH is’
the height (cm) of the external conductor 31 (cm) (see
Fig. 46).

Although-Fig. 46 illustrates an example in which tap
coupling by the coupling wires 38 and 39 is used as means
for coupling in high-frequency fashion the input terminal
36 with the fixed electrode 33, and the output terminal 37
with the fixed electrode 33,.means for capacitively.cou—
pling the input terminal 36 with the fixed electrode 33
via the capacitylelement 42 and means for capecitively
coupling the output terminal 37 with'the fixed electrode
33 via the capacity element 43 may also be used, as shown
in Fig. 49. In addition, probes 44 and 45 may be used as
the input/oufput coupling means, as shown in Fig. 50, or
loops 46 and 47 may be used as the input/output coupling
means, as shown in Fig. 51.

Figs. 49 through 51 correspond to cross sections of

Fig. 47 viewed from below with the side wall on the bottom



Cbnbline-type filters, the present invention can also be applied to
interdigital filters. Fig. 83 is a vertical cross section of the resonator
of the nineteenth enbodi nent according to the present invention, and Fig.
84 is a horizontal cross section thereof. The resonator of this enbodi nent
conprises a cubic external conductor 61; a fixed el ectrode 62 nmade of a
hol | ow cyl i ndrical conductor, a novabl B5electrode 63; a lock nut 64 that is
used to fix the novable el ectrode 63; '
(from the front) removed from the external conductor 31
and hereinafter the same applies to cross sections similar
to Figs. 49 through 51, such as Fig. 52.

Fig. 52 is a vertical cross secfion of the resonator
of the eleventh eﬁbodiment according to the present inven-
tion.

in this embodimént, a low-pass fiiter circuit is
composed of inductance elements 48 and 49 for the compen-
sation of transmission characteristics, interposed between
the connection terminals 36 and 37 for the external
circuiﬁ, and a capacity element 20 connected between the
connection point of the inductance elements 48 and 49 and
the fixed electrode 33 forming the resonance cépacity
element. With this resonator, as shown by the transmis-
sion characteristics in Fig. 54 where the axis of abscissa
represents the frequency and the axis of ordinate
represents the amount of attenuation, the slope of the
attenuation characteristic curve in the ﬁrequency region
lower than the fesonance frequency f; is steep, while the
slope of the attenuation characteristic curve in the
frequency region higher than the resonance frequency fo.ié
gentle, and a tranémission inhibition band is formed in
the frequency region including the resonance frequency fy.

Fig. 53 is an equivalent circuit diagram of the reso-

nator shown in Fig. 52. The symbol R represents a reso-

nance circuit composed of the external conductor 31 and



an input termnal 65; an output terminal 66; an input coupling | oop 67; an
out put coupling | oop 68; a resonance - 67 - frequency fine-tuning

el enent 69; and a lock nut 70 that is used to fix the fine-tuning el enent
69. The external conductor 61 may al so be a bottoned cylinder. The | ower -
end of the fixed electrode 62 is fixed to

the variable resonance capacity element, and the rest of
the symbolé_are the same as in Fig. 52.

fhe resonance frequency fy of the circuit composed of
the resonance circuit R and the COuplihg:use capacity
element 52 changes éccording to the capacity of thé
coupling-use capacity element 50,_and the fine tuning of
the resonance frequency can be performed by the provision
of an adjustment element that is the same as the fesonance

N freqﬁency fine-tuning element 40 shown in Fig. 47.

Fig. 55 is a vertical cross section of the resonator
of the twelfth embodiment according to the present inven-
tion.

This embodiment differs from:the eleventh embodiment
shown in Fig. 52 in that the coupling of the connection
point of the inductance elements 48 and 49 with the fixed
electrode 33 is performed by tap coupling using an induct-
.anée element 51, and in that the resonance frequency f; of
the circuit composed of the resonance circuit R aﬁd the
coupling-use inductance element 51 changes according to
the inductance of the inductance elemenﬁ 51; The rest:-of
the structure and operétion is substahtially the same as
in the eleventh embodiment shown in Fig. 52.

Fig. 56 is an equivalent circuit diagram of the

- resonator shown in Fig. 55. Except for the inductance
element 51, all of the.symbols are the same as in Fig. 53.

Fig. 57 where the asix of abscissa and the axis of



the lower wall of the external conductor 61, and the upper end faces the
upper wall of the external conductor 61 a suitable distance away. The | ower
end of the fixed electrode 62 is fixed, for exanple, by screwing a flange
that is integrally attached to the lower end of the fixed electrode 62 to
the lower wall of the external conductor 61. The novable electrode 63 is
made of a solid or hollow cylindrical &Gneuctor (such as copper) wth a

t hreaded outside, and is screwed into the threaded hole forned in the upper
wal | of the external conductor 61 coaxially with - :
ordinate are the same as in Fig. 54, is a diagram

illustrating the transmission characteristics of the

resonétor shown in Fig. 55, which is substantially the

same as the characteristics shown in Fig. 54.

Fig. 58 is a vertical cross section of the resonator
of the thirteenth embodiment according to the present
invention. This embodiment differs from the eleventh
embodiment shown in Fig. 52 in that the inductance
N~ ' elements 48 and 49 used in the eleventh embodiment shown
in Fig. 52 are replaced with capacity elements 52 and 53.

The rest of the structure is the same as in the eleventh
embodiment shown in Fig. 52.

Fig. 59 is an equivalent circuit diagram of the
resonator shown in Fig. 58. Except for the capacity
elements 52 and 53, all of the symbols are the same as in
Fig. 53.

Fig. 60 where the axis of abscissa and the axis of
ordinate are the same as in Fig. 54, is a diagram illus-
trating the transmission characteristics of the resonator
shown in Fig. 58. In this embodiment, the slope of the
attenuation characteristic curve in the frequency region
lower than the resonance frequency f; is gentle, while the
slope of the attenuation characteristic curve in the
frequency region higher than the resonance-frequéncy fy is

steep, and a transmission inhibition band is formed in the

frequency region including the resonance frequency fg.



the fixed electrode 62. The insertion |l ength of the novabl e el ectrode 63
‘into the holow cylinder 62, can be varied through the rotation of the
novabl e el ectrode 62 in a forward -or reverse direction to nove the novable
el ec- trode 63 forward or backward. The input term nal 65 and the output
termnal 66 is made, for exanple, of coaxial plugs, and the external
conductor that forms these coaxial ptuB8 +s connected to the external
conductor 61. The fine-tuning elenment 69 is made, for exanple, of a netal

screw threaded into the wall of the external conductor 61
Fig. 61 is a vertical cross section of the resonator

of the fourteenth embodiment according to the present
invention. | |

This embodiment is the samelas the embodiment shown
in Fig. 58 in that the capacity elements 52 and 53 are
used as.transmission characteristic compensation elements,
and is the same‘as'the twelfth embodiment shown in Fig. 55
in that the coupling element is formed such that tap
coupiing will be performed using the inductance element
51. The rest of the structure is the same as in the
thirteenth embodiment shown in Fig. 58.

Fig. 62 is an equivalent circuit diagram of the
resonator shown in-Fig. 61. Except for the inductance
element 51, all of the symbols are the same as in Fig. 59.

Fig. 63 where the axis of abscissa and the axis of
ordinate are the same as in Fig. 60, is a diagram illus-
trating the transmission characteristics of the resonator
shown in Fig. 61, which is substantially the same as the
characteristics shown in Fig. 60.

Figs. 64 through 67 are cross sections illustrating

- the fifteenth through eightéenth embodiments according to
the present invention. The resonator shown in Fig. 64 has
a probe 44 in place of the coupling element 50 in the
embodiment shown'in Fig. 52; the resonator shown in Fig.
65 has a loop 46 in place of thé coupling element 50 in

the embodiment shown in Fig. 52; the resonator shown in



Wth a resonator constructed in this manner, a parallel resonator circuit
whose equivalent circuit is - 68 - shown in Fig. 85, is forned by the
di stributed inductance in the external conductor 61 and the capacity in the
vari abl e resonance capacity el enent conposed of the fixed el ectrode 62 and
t he novabl e el ectrode 63.
- 59 -
Fig. 66 has a probe 44 in place of the coupling element 50
in the embodiment shown in Fig. 58 ; and the resonator
shown in Fig. 67 has a loop 46 in place of the coupling
element 50 in the embodiment shown in Fig. 58.  The rest
of the structure in the respective Figs. is the same as
the structure in Fig. 52 or 58.
Fig. 68 is a vertical cross section of a filter
constructed using the resonator shown in Fig. 46, and Fig.
N 69 is a horizontal cross section thereof.
This filter comprises an external conductor 31C,
fixed electrodes 331 through 334 which are the same as the
fixed electrode 33 shown in Fig. 46, variable electrodes
34,4 through 344 that make up the variable resonance capac-
ity element along with the fixed electrodes 33; through
334 and are the same.as the movable electrode 34 shown in
Fig. 46; lock nuts 35; through 35, which are used to fix
the variable‘electrodee 34,4 through 344, an input terminal
36, an output terminal 37, an input coupling wire 38, an
output coupling wire 39, resonance frequency fine—tuhing
elements 40, through 40,4, and lock nuts 41; through 41,4
that are used to fix the fine-tuning elements 405 through
404 .
Fig. 70 is an equivalent circuit diagram of the
filter shown in Figs. 68 and 69. Symbols R; through R4
represent resonance circuits, the symbol M61.repreeents

the input magnetic field coupling coefficient, the symbol



In Fig. 85, the synbol R represents the resonance circuit, the synbol [err]
represents the input nagnetic field coupling coefficient, and the synbol
MR6 represents the output nmagnetic field coupling coefficient. Wen

hi gh-frequency power is applied, for exanple, to the input term nal 65,

el ectromagnetic field distribu- tion in this resonator wl|

be such that

t he

the electric field vector is expressedéBy-the solid arrowed line Ein Fig.
83, the current by the solid arrowed line I, and the magnetic field by the

broken Iine-Hin Fig. 84.

M, 7 represents the output magnetic field coupling'

coefficient, and symbols M;, through M3, represent the

interstage magnetic field coupling coefficients.

Fig. 71 is a converted equivalent circuit diagram of

- the equivalent circuit diagram shown in Fig. 70,

symbols are the same as in Fig. 70.

and the

Although Figs. 68 through 71 illustrate an example in

which the input/output coupling elements is made of the

s tap coupling wires 38 and 39, a capacity coupling element

composed of the capacitors 42 and 43 or the probes 44 and

45 or a magnetic field coupling element composed of the

- loops 46 and 47 may also be used to implement the present

invention, as shown in Figs. 49 through 51.

. The band-pass filter shown in Fig. 68 through 71 can

be designed in the same manner as the band-pass filter

shown in Figs. 33 through 36.

Fig. 72 is a diagram illustrating an example of the’

relation between the interstage magnetic field coupling

coefficient and the center spacing of adjacent resonance

capacity elements, obtained as a result of repeated exper-

imentation with prototypeé by the inventor. The axis of

abscissa represents (d - 0.3C)/W where d is the center

spacing of adjacent resonance capacity elements (see Fig.

68), C is the external diameter of the fixed eleétrodes

33, through 33, that form the variable resonance capacity

element (see Fig. 68), and W is the width of the external



Since the inductance is relatively small, and the capacity is relatively

large in this resonator, this resonator is a | ow i npedance type with good

wi t hstand vol tage characteristics. -In addition, the el ectronagnetic energy
that can be accunulated in this resonator will correspond to-the vol une of
t he external conductor 61, and the resistance in the netal portion of this
resonat or can be kept extrenely | ow -s6l1that an extrenely |arge unl oaded Q
can be obtained. The inventor was able to obtain the foll ow ng experinental

. conductor 31C (see Fig. 69). The axis of ordinate
represents the interstage magnetic field coupling
coefficient Mk, k+1-

The trénsmission loss L of the band-pass filter shown
in Figs. 68 through 71 is expressed by equation (13).

An example of the transmission characteristics of the
filter shown in Fig_s. 68 through 71 is shown in Fig. 40.

Fig. 73 is a vertical cross section of a band-pass
,filter in which the interstage coupling consists of
capacitive ccupling. |

This filter comprises an external conductor 31C,
fixed electrodes. 33; through 334, lock nuts 357 through
354, an input terminal 36, an output terminal 37, an input
coupling capacity element 54¢,, interstage coupling capac-
ity elements 545, through 5434, and an output coupling .
capacity element 544,.

Fig. 74 is an equivalent circuit diagram of the
band-pass filter shown in Fig. 73. Symbols Ry through Ry
represent resonance circuits, thc reference numeral 54g;
represeﬁts the input coupling capacity, the reference
- numerals 544, through 5434 represent the interstage
coupling capacity, and the reférencé numeral 5447
represents the output coupling capacity.

Fig. 75 is a converted equivalent circuit diagram-of
the equivalent circuit diagram shown in Fig. 74, and the

symbols are the same as in Fig. 74.



equation (15) for the unloaded Q (Qu) through the use of prototypes whose
external conductor 61, the fixed 69 - electrode 62, and the novabl e
el ectrode 63 of this resonator are made of copper, although the magnitude
of the unloaded Q[err] wll vary with the ratio of inductance to the
capacity of the resonator. :

- 62 -

Although fig..73 shows an example in which the
input/output coupling elements are made of capacity
elements, tap coupling wires, probés, loops, or other such
high-frequency coupling means may also be used.

An example of the transmission characteristics of the
band-pass filter éhown.in Fig. 73 is shown in Fig. 40.

Fig. 76 is a vertical cross section of a filter
constructed using the-resonatof showﬁ iﬁ Fig. 52. Fig. 77
is -a right side view of Fig. 76.

This filter comprises an external conductor 31C,.
partition walls 31S; through 31S3 made of conductor
plates, fixed electrédes‘331 through 334, movable’
.electrodes 34, through 34,4, lock nuts 35; through 354 thgt
are used to fix the movable electrodes 34, through 344,
~external circuit connection terminals 36 énd 37;
inductance eléments 484 through'484 and 49, through 49,4
for the compensation of transmission characteristics, and
coupling capacity eiements 501.through-504.

Fig. 78 is an equivalent circuit diagram of the
filter shown in Fig. 76. Symbols R; through R, represent
resonance circuits comprising a common external conductor
31C and variable resonance capacity elements composed of
fixed electrode 33i through 33, and movable electrodes 34,
through 344; the reference numerals 48;, 498; through

4983, and 49, represent inductance elements for the

compensation of transmission characteristics; the



[err]

Al though Fig. 83 illustrates an-exanple in which a resonance frequency

_ SH (15) where [err] is the resonance frequency (Miz)
and SH is the height (cn) of the external conductor 61 (see Fig. 83).

fine-tuning element 69 and a |lock nut 70 are provided, the present

I nvention can also be inplemented wth these conponents omtted. Al so,

Fi g.

83 illustrates an exanple in which |eof3 67 and 68 are provi ded as neans
for coupling in high-frequency fashion

reference numeral 498; represents a synthetic inductance
element of the inductance elements 49; and 48, shown in
Fig. 75, the refefence numeral 498, represents a synthetic
inductance element of the inductance elements 49, and 483,
the reference numeral 4983 represents a synthetic
inductance element of the inductance elements 495 and 48,,
and the reference numerals 50; through 504 represent
coupling-use capacity elements.

" The transmission characteristics of the filter shown

in Fig. 76 is the superimposition of the transmission

characteristiés of the resonators at all stages composing
this filter, that is, the superimposition of the transmis-
sion characteristics substantiallylthe same as the
transmissioﬁ characteristics shown in Fig. 54. The
resonance frequencies (f; in Fig. 54) of all stages
compdsed of a resonator and a coupling-use capacity
element are represented by f5; through fg,, respectively.
Suitable adjustment of these resonance frequencies such

that they approach each other, for instance, allows a

region of inhibition with a large amount of attenuation to '

be realized, while adjustment of these resonance
frequencies fbl through f,, to adequately separated values
allows a region of inh;bitioﬂ with a wide range of
frequency to be realized.

Fig. 79 is an equivalént circu;t diagram of a filter

constructed using the filter shown in Fig. 55. Reference



the input termnal 65 with the fixed el ectrode 62 and the output term nal
66 with the fixed el ectrode 62, means for capacitively coupling the input
termnal 65 with the fixed electrode 62 via the capacity elenent 71 and
nmeans for capacitively coupling the output termnal 66 with the fixed
el ectrode 62 via the capacity element 72 may al so be used, as shown in Fig.
86. In addition, probes 73 and 74 may & used as the input/output coupling
nmeans, as shown in Fig. 87, or tap coupling nay be perforned using cou-
pling wires 75 and 76 as the input/output coupling neans,
numerals 51; through 51, represent tap coupling-use
inductance elements, and the rest of the symbols are the
same as in Fig. 78.
The transmission characteristics of this filter
expressed by the equivalent circuit shown in Fig. 79, is
the superimposition of the transmission characteristics of
the resonators at all stages composing this filter, that
is, the superimposition of the transmission characteris-
tics substantially the same as the transmission character-
istics shown in Fig. 57. Suitable adjustment of resonance
frequency at each stage allows the frequency range and the
amount of attenuation in the synthesis inhibition region
to be suitably adjusted.
Fig. 80 is a vertical cross section of a filter
constructed using the resonator shown in Fig. 61.
This filter comprises an external conductor 31C, '
partition walls 31S; through 31S3 made of conductor
\_ plates, fixed electrodes 33, through 334, movable
electrodes 34, through 344, external circuit connection
terminals 36 and 37, inductance elements 52; through 52,
and 53y through 53, for the compensation of transmission
characteristics and tap coupling inductance elements 51;
‘through 514.
Fig. 81 is an equivalent circuit diagram of the

‘filter shown in Fig. 80. Symbols Ri through Ry represent

resonance circuits, the reference numerals 521;, 5323



as shown in Fig. 88. Figs. 86 through 88 are the cross sections of Fig.
-70 - 84, omtting the |lower side wall of the external conductor 61. Those

synbol s and structure not dlscussed in the explanation of Figs. 86 through
88 are the sane as in
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“through 5323, and 534'represent capacity elements fot the
compensation of transmission characteristics; the
reference numeral 532; represents a synthetic capacity
element of the capécity elements 53, and 52, in Fig. 80;
the reference numeral 532, represents a synthetic capacity
element of the capacity elemcnts 53, and 533; the
reference numerél 5323 represents a synthetic capacity
element of the caéacity elements 533 and 524; and the
reference numerals 51; through 51, represent inductance
elements for tap coupling.

The.transmission characteristics of the filter shown
in Fig. 80 is the superimposition of the transmission’
characteristics of the resonators at all stages composing
this filtex, that is, the superimposition of thé transmis-
sion characteristics substantially the same as the
transmission characteristics shown in Fig. 63. Suitable
adjustment of resonance frequency at each stage allows the
frequency range and the amount of attenuation in the
synthesis inhibition region to be suitably adjusted.

Fig. 82 is an equivalent circuit diagram of a filter
constructed using the resonator shown in Fig. 58.
Refercnce numerals 20; through 20, represent coupling-use
capacity elements, and the rest of the symbols are tﬁe
same as in.Fig._Bl.

The transmission characteristics of the filter

expressed by the equivalent circuit shown in Fig. 82, is



Fig. 83. Fig. 89 is a vertical cross section of a filter constructed using
t he resonator shown in Fig. 83, and Fig. 90 is a horizontal cross section
thereof. This filter conprises an external conductor 61C, fixed el ectrodes
621 through 624, novable el ectrodes [err] through 634, |ock nuts [err]
t hrough 644 that are used to fix the novable el ectrodes [err] through [err]
an input termnal 65, an output tern+nélé 66, an input coupling |oop 67, and
an out put coupling | oop 68.
the superimposition.of the transmission characteristics of
the resonators at all the stageé composing this filter,
that is, the superimposition of the transmission
characteristics Substantially the same as the transmission
characteristics shown in Fig. 60. Suitable adjustmént of
the resonance frequency at each stage allows the frequency
range and the amount of attenuation in the synthesis
inhibition region to be suitably adjusted.
Although Figs. 68 through 82 illustrate examples in
which four variable resohance capacity elements are
provi&ed, that is, when the order n of'the_circuit is 4,
the present invention can also be implemented when the
order n of the circuit is suitably incréased oxr decreased.
Although the filters shéwn in Figs. 68 through 82 are
Comblineetype filtérs, the present invention can also be
applied to interdigital filters.
Fig. 83 is a vertical cross section of thé resonator -
" of the nineteenth embodiment according to the present
invention, and Fig. 84 is a horizontal cross section
thereof. |
The resonator of this embodiment comprises a cubic
_exterhal conductor 61; a fixed electrode 62 made of a
hollow cylindrical conductor, a movable electrode 63; a
lock nut 64 that is used to fix the movable electrode 63;

an input terminal 65; an output terminal 66; an input

coupling loop 67; an output coupling loop 68; a resonance



Fig. 91 is an equivalent circuit diagramof the filter shown in Figs. 89
and 90. Synbols [err] through [err] represent resonance circuits, the
synbol [err] represents the input magnetic field coupling coefficient, the
synbol [err] represents the output magnetic field coupling coefficient, and
synbols [err] through [err] represent the interstage nmagnetic field
coupling coefficients. Fig. 92 is a eolVerted equival ent circuit diagram of
the equivalent circuit diagramshown in Fig. 91, and the synbols are the

sane as in Fig. 91.
frequency fine-tuning element 69; and a lock nut 70 that

is used to fix the fine-tuning element 69. The external
conductor 61 may also be a bottomed cylinder.

The lower end of the fixed electrode §2 is fixed to
the lower wall of the external conductor 61; and fhe uﬁper
end faces the uppef wall of the external conductor 61 a
suitable distance away; The lower end of the fixed
electrode 62 is fixed, for example, by screwing a flange
that is integrally attached to the lower end of the fixed
electrode 62 to the lower wall of the external conductor
61. The movable electrode 63 is made of a 'solid or hollow
cylindrical conductor (such as copper) with a threaded
outside, and is screwed into the threaded hole formed in
the upper wall of the:external conductor 61 coaxially with
the fixed electrode 62. The insertion length of the
movable electrode 63 into the holow cylinder 62, can be
varied through the rotation of the movable electrode 62 in

\_ a forward orlreverseldirection to mqve'the movable elec-
trode 63 forward or backward. The input terminal 65 and
the output terminal 66 is made, for example, of coaxial
plugs, and the external conductor that forms these coaxial
plugs is connected to the external conductor 61. The
fiﬁe—tuning element 69 ié made, for example, of a metal
screw threaded into the wall of the external conductor 61.

With a resonator constructed in this mannér, a

parallel resonator circuit whose equivalent circuit is



The band-pass filter shown in Figs. 89 through 92 can be designed in the
sanme manner as the band-pass filter - 71 - shown in Figs. 33 through 36.
Fig. 93 illustrates an exanple of the relation between the interstage
magnetic field coupling coefficient and the center spacing of adjacent
resonance capacity
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shown in Fig; 85, is formed by the distributed inductance
in the external conductor 61 and the capacity in the
variable resonance capacity element cohposed oflthe fixed
electrode 62 and the movable electrode 63.

In Fig. 85, the symbol R represents the resonance
circuit, the symbol Mgy represents the input magnetic
field doupling coefficient, and the symbol Mp, represents
the output magnetic field coupling coefficient.

When high-frequency power is applied, for example, tb
the input terminal 65, the electromagnetic field distribu-
tion in this resonator will be such that the electric
field vector is expressed by thé solid arrowed line E in
Fig. 83, the current by the solid arrowed line I, and the
magnetic field by the broken line H in Fig. 84.

Since the inductance is relatively small, and the
capacity is relatively large in this resonator, this
resonator is a low impedance type with good withstand
" voltaée characteristics. In addition, the electromagnetic

energy that can be accumulated in this resonator will
corfespond to the volume of the external conductor 61, and
the resistance iﬁ the metal portion of this resonator can
be kept extremely low, so that an extremely large unloaded
Q can be obtained.
The inventor was able to obtain the following experimental
equation (15) for the unloaded Q (Q,) through the use of

prototypes whose external conductor 61, the fixed .



el enents, obtained as a result of repeated experinentation wth prototypes
by the inventor. The axis of abscissa represents (d- 0.3C)/Wwhere d is the
center spacing of adjacent resonance capacity elenents (see Fig. 90), Cis
the external dianmeter of each of the fixed electrodes [err] through [err]
that formthe variable resonance capacity elenent (see Fig. 89), and Wis
the wwdth of the common shield case 6169(see Fig. 90). The axis of ordinate
represents ‘the interstage magnetic field coupling coeffi- cient [err] k+1
electrode 62, and the movable electrode 63 of this
resonator are made of copper, although the magnitude of
the unloaded Q (Q,) will vary witb'the ratio of inductance
to the capacity of the resonator.
Qg = 20 £4% o SH ... (15)
where f43 is the resonance frequency tMHz) and SH is
ﬁhe height (cm) of the external conductor 61 (see_fig.
83).
Although Fig. 83 illustrates an example in which a
resonance frequency fine-tuning element 69 and a lock nut
70 are provided, the present invention can also be
iﬁplemented with these components omitted. Also, Fig. 83
illustrates an example in which loops 67 and 68 are
provided as means for coupling in high-frequency fashion
the input terminal 65 with the fixed electrode 62 and the
output terminal§66 with the fixed electrode 62, means for
capacitively coﬁpling the input terminal 65 with the fixed
o electrode 62 via the capacity element 71 and means for
‘ capacitively coupling the output terminal 66 with the
fixed electrode 62 via the capacity element 72 may also be
used, as shown in Fig. 86. 1In addition, probes 73 and 74
may.be used as the input/output coupling means, as shown
in Fig. 87, or taé coupling may be performed using cou-~
pling wires 75 and 76 as the input/output coupling means,

as shown in Fig. 88.

Figs. 86 through 88 are the cross sections of Fig.



The transm ssion loss L of the band-pass filter shown in Figs. 89 through
92 is expressed by equation (13). Fig. 94 is a diagramillustrating an
exanpl e of the transm ssion characteristics over the w de band of the
filter shown in Figs. 89 through 92. The axis of abscissa represents the
frequency (MHz), with graduations of 300 Mz and a resonance frequency
[err] of 565 MHz, while the axis of ordfnate represents the amount of
attenuation (dB), with graduations of 10 dB. Fig. 95 is an enl arged

transm ssion characteristics .
, omitting the lower side wall of the external conductor

61.

| Those symbols and structure not discussed in the
eﬁplanation of Figs. 86 through 88 are the same as in
Fig. 83. |

Fig. 89 is a vertical cross section of a filter
constructed using the reSonétor shown in Fig. 83, and Fig.
90 is a horizontal cross section thereof.

This filter comprises an external conductor 61C,
fixed electrodes 62; through 62,, movable electrodes 63;
through 634, lock nuts 64; through 64, that are used to
fix the movable electrodes 63; through 634, an input
terminal 65, an output terminal 66, an input coupling loop
67, and an output coupling loop 68.

Fig. 91 is an equivalent circuit diagram of. the
filter shown in Figs. 89 and 90. Symbols R; through Ry
représént resonance circuits, the symbol Mg, represents
the input magnetic field coupling coefficiént, the symbol
Mg represents-the output magnetic field coupling
coefficient, and symbols M;, through M3, represent the
interstage mégnetic field coupling coefficients.

Fig. 92 is a converted equivélent circuit diagram
of the equivalent circuit diagram shdwn in Fig. 91, and
the symbols are the same as in Fig. 91.

The band-pass filter shown in Figs. 89 throggh 92 can

be designed in the same manner as the band-pass filter



di agram near the resonance frequency [err] in Fig. 94. The axis of abscissa
represents the frequency (MHz), with 72 - graduations of 5 MHz, while
the axis of ordinate represents the anount of attenuation (dB), wth
graduations of 5 dB. As shown in Fig. 94, the harnonic conponents of the
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shown in Figs. 33'through 36.

Fig. 93 illustrates an example of the relation
between the interstage magnetic field coﬁpling coefficient
and the center spacing of adjacent resonance capacity
elements, obtained as a result of repeated experimentation

- with profotypes by the inventor. The axis of abscissa
represents (d - 0.3C)/W where d is the center spacing of
adjacent resoﬂance capacity elements (see Fig. 90), C is
the e#ternai diameter of each of the figed eiectrodes 27
through 2, that form the variable resonance capacity
element (see Fig. 89), and W is the width of the common
shield case 61C (see Fig. 90). The axis of ordinate
represents the interstage maénetic field coupling coeffi-
cient My o k+1-

. The transmission loss L of the band-pass filter shown
in Figs. 89 tﬁrough 92 is expressed by equation (13).

Fiqg. 94 is a diagram illustrating an example of the
transmission characteristics over the wide band of the
filter shown in Figs. 89 through 92. ° The axis'of abscissa
represents the'frequency (MHz), with graduations of 300
MHz and a resonance frequency fj of 565 MHz, while the
éxis of ordinate represents.the amount of attenuation
(dB), with graduations of 10 dB.

Fig. 95 is an enlarged transmission characteristics
diagram near the resonance frequency f; in Fig. 94. The

axis of abscissa represents'the frequency (MHz), with



resonance frequency [err] are greatly attenuated, since this characteristic
Is also a characteristic of the resonators conposing this filter, the
resonator shown in Fig. 83 will have substantially the sanme characteristics
as a lunped constant type of resonator conposed of a coil and a capac-

itor, which are |unped-constant circuit elenments. The irregul ar waveform
present near an attenuation of -80 dB 7@ --100 dB in Fig. 94 is believed to
be noi se adm xed in the neasurenent device circuit. A though the filter
shown in Figs. 89 through 92 is _

graduations of 5 MHz, while the axis of ordinate

represents the amount of attenuation (dB), with

graduations of 5 dB.

As shown in Fig. 94, the harmonic components of the
‘resonance frequency £ are greatly attenuated, since this
characteristic is also a characteristic of the resonators
composing this filter, the resonator shown in Fig. 83 will
have substantially the same characteristics as a lumped
constant type of resonator composed of a coil and a capac-
itor, which are lumped-constant circuit elements.

The irreqular waveform present near an attenuation of
-80 dB to -100 dB in Fig. 94 is believed to be noise
‘admixed in the measurement device circuit.

Although the filter shown in Figs. 89 through 92 is
constructed such that the required electrical characteris-
tics will be obtained by setting the center spacing of the
variable resonance capacity elements according to the
o required interstage magnetic field coupling coefficient,

the required electrical characteristics can also be
obtained by arranging the variable resonance capacity
elements at a suitable fixed interval and interposing
conventional interstage magnetic field coupling adjustment
elements between adjacent variable resonance capacity
elements.

Fig. 96 is a vertical cross section illustrating an

example of the above, and Fig. 97 is a horizontal cross



constructed such that the required electrical characteris- tics will be
obt ai ned by setting the center spacing of the variable resonance capacity
el ements according to the required interstage magnetic field coupling :
coefficient, the required electrical characteristics can al so be obtained
by arranging the variable resonance capacity elenments at a suitable fixed
I nterval and interposing conventional 78terstage magnetic field coupling
adj ust mrent el enents between adj acent vari abl e resonance capacity el enents.
section of the same. In these Figs., reference numerals
774y through 773, represent conventional interstage
magnetic field coupiing adjustment elements made of rbund.
or square rod-shaped or ribbon-shaped conductors. The
axial direction of the interstage magnetic field coupling
adjustment elements 77141 thrdugh 7735 between adjacent
fixed electrodes 621 and 62,5, 622 and 623, and 623 and 624
is parallel to the axial direction of the fixed electrodes
62 through 62,, and the both ends of each of the
interstage magnetic field coupling adjustment elements
7711 tthugh 7739 are electrically and mechanically
connected to the upper and lower walls of the common
shield case 61C.
The interstage magnetic field coupling coefficient
can be adjusted to the required value by forming each of
the inﬁerstage magnetic field coupling adjustment.elements
7747 through 7732 in a suitable thickness, or by suitably
\,/ increasing or decreasing the number of.interstage magnetic
field coupling adjustment elements interposed between the
adjacent variable resonance capacity elements.
Fig. 98 is also a vertical cross section of a filterx
constructed such that the interstage magnetic field
coupling coefficient is adjusted by means of interstage
magnetic field coupling adjustment elements, and Fig. 99

is a horizontal cross section thereof. In these Figs.,

reference numerals 78; through 783 represent conventional



Fig. 96 is a verti.cal cross section illustrating an exanple of the above,
and Fig. 97 is a horizontal cross - 73 - section of the sanme. In these
Figs., reference nunmerals 7711 through 7732 represent conventi onal
interstage magnetic field coupling adjustnent el enents made of round or
square rod-shaped or ribbon-shaped conductors. The
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interstage magnetic field coupling adjustment elements in
the shape of a plate. Each plate is at a right angle to
the lengthwise direction of the common_shield case 61C
between adjacent'fixéd eléctrodes 62, and 62,, 62, and
623, and 623 and 62,, each edge of the plate is electri-
cally connected to the upper and.lower walls and both side
walls of the common shield case 61C, and a magnetic field

coupling hole is formed in each plate.

~ The interstage magnetic field coupling coefficient
can be suitably adjusted according to the surface area of
the magnetic field coupling holes formed in the interstage
magnetic field coupling adjustment elements 78; through
785. |
The rest of the structure in Figs. 96 through 99 is
the same as in Figs. 89 and 90.
Fig; 100 is a vertical cross section of another
example of -a filter constructed using the resonator shown
NG} in Fig. 83.

This filter comprises an external cdnductor 61C,
fixed electrodes 62; through 62,, movable electrodes 634
through 634, lock nuts 64; through 64, that are used to
fix the movable electrodes 63; through 63,4, an input
terminal 65, and output terminal 66, ah input coupling-use
probe 73, an output coupling-use probé 74, partition walls
79, through 793-méde of conductor plates, capacity

formation electrodes 80, through 803,, and connection



axial direction of the interstage magnetic field coupling adjustment
el enments [err] through [err] between adjacent fixed electrodes [err] and
[err] and [err] and [err] and [err] is parallel to the axial direction of
the fixed electrodes [err] through [err] and the both ends of each of the
I nterstage magnetic field coupling adjustnment elenments 7711 through 7732
are electrically and nechanically conhétied to the upper and | ower wall's of
t he conmmon shield case 61C. The interstage nagnetic field coupling
coefficient

conductors 81; through 81,.

1 3

The connection conductors 81; through 813 are
inserted through and fixed to the partition walls 794
through 793 while maintaining insulation between connec-
tion conductors 81, throﬁgh 813 and the partition walls
79,4 through 793. The connection conductor 81, connects
‘the electrodes 80,4 with the electrode 80,5, and capaci-
tively couples the resonator including the fixed electrode
627 with the resonator including the fixed electrode 62,.
The other resonators are similarly coupled.

Fig. 101 is also - a vertical cross section of a filter
in which the neighbouring stages are coupled by capacitive
coupling.

With this filtexr, capacity formation electrodes 82y
through 823 having U-shaped cross sections, and rotary
support shafts 83; through 83; that are rotatably attached
to the upper wall of the common shield case 61C maintain-

\ ing insulation between the support shafts 834 through 8353
and the upper wall of the common shield case 61C, are
provided in place of the partition walls 79; through 793,
the capacity formation electrodes 80;; through 8032, and
the connection conductors 81; through 813 of the filter in
Fig. 100. When the support shaft 83; is rotated, the
.electrode 82, supported by this support shaft 83; also
rotates, thereby changing the interstage coupling capacity

coefficient. The other neighbouring stages are similarly



can be adjusted to the required value by form ng each of the interstage
magnetic field coupling adjustnent elenments 7711 through 7732 in a suitable
t hi ckness, or by suitably increasing or decreasing the nunber of interstage
rmagneti.c field coupling adjustnment elenents interposed between the adjacent
vari abl e resonance capacity elenents. Fig. 98 is also a vertical cross
section of a filter constructed such-t Rat-the interstage magnetic field
coupling coefficient is adjusted by neans of interstage nagnetic field

coupl i ng adjustnent elenents, and Fig. 99
coupled. .

Although the filters in the embodiments shown in
Figs. 89, 90, and 96 through 101 are examples of cases in
which the order of the circuit is 4, the present invention
can also be implemented with this order suitably increased
or decreased. |

In addition, although'above embodiments are for cases
of a Combline-type filter, the present invention can also
be implemented for interdigital filters.

In the filters shown in Figs. 89, 90, and 96 through.
101, any one of the input/output coupling elements in the
resonators shown in Figs. 83 and 86 through 88 as the
input/output coupling elements.

The resonators.shown'in Figs. 83 and 86 through 88
can be.operated.as a'band eliminatién filter by connecting
one of the terminals to an external circuit using one of
the methods shown in Figs. 52, 55, 58, 61, 64 through 67,

Y, and so on.

A bahd_elimination-filter of which the elimination
band width, the amount of attenuééion, etc., can be set
and changed at will can be éonstructed by replacing the
various variable capacity elements in Figs. 76 through 82
with the variable capacity element in Fig. 83.

fig. 102 is a vertical cross section of the resonator
of the twentieth-embodiment according to the present

invention, and Fig. 103 is a horizontal cross section



is a horizontal cross section thereof. In these Fi gs., reference nureral s
[err] through [err] Tepresent conventional - 74 - interstage magnetic
field coupling adjustnent elenments in the shape of a plate. Each plate is
at aright angle to the lengthwi se direction of the conmmon shield case 61C
bet ween adj acent fixed el ectrodes [eirlna_r_\d [err] and
thereof.
The resonator in this embodiment'comprises a cubic
external conductor 91; a solid dielectric hollow cylinder
92 ﬁade of ceramic; a variable resonance capacity element
composed of fixed electrodes 93A and 93B, and a mbvable
electrode 94; a fixing member 93C that is uséd to fix the
fixed electrode 93A, a fixing member 93D that is used td
fix the fixed electrode 93B, a lock nut 95 that is used to
fix thé movable electrode 94; an input terminal 96 ; an
output terminal 97; an input coupliné wire 98; an output
coupling wire 99; a resonance frequency fine-tuning
element 100; and a lock nut 101. The external conductor
91 ma& also be a bottomed cylinder.
The upper and lower ends of the hollow cjlinder 92

are a suitable distance'apaft from, and face the upper and
lower ﬁalls, respectively, of the external conductor 91.
The fixed electrode 93A, 93B are made of a metal thin
o layer such as silver that is bonded around the inside and

outside, respectively, of the hollow cylinder 92. The

upper end of the fixed electrode 93A is soldered to the

inner side of the conductive fixing member 93C, which is

in the form of a flanged hollow cylinder, and the flange

of the fixing member 93C is fixed by a screw to the ﬁpper

wall of the external conductor 91. The 1ower end of the

fixed electrode 93B is attached in elastic contact with

the upper portion of the conductive fixing member 93D



[err] and [err] and [err] each edge of the plate is electri- cally
connected to the upper and lower walls and both side walls of the conmon
shield case 61C, and a nagnetic field coupling hole is fornmed in each
plate. The interstage magnetic field coupling coefficient can be suitably
adj usted according to the surface area of the magnetic field coupling holes
formed in the interstage nagnetic fiel d8coupling adjustment elenents [err]
t hrough 783. The rest of the structure in Figs. 96 through 99 is

whose upper portion is provided with a plurality of slits
to achieve elasticity and which is in the form of a
bottomed hollow cylinder. This fixing member 93D is fixed
to the lower wall of the external conductor 91 by a screw,
using the threaded hole formed in thé bottom of itself.
The movable electrode 94 ﬁade of a solid or hollow
cylindricél conductor (such as copper) threaded around its
butside, and is screwed into the threadéd hole formed in
the upper wall of the external conductor 91 coaxially with
the fixed electrodeé 93A and 93B. The insertion length of
the movable electrode 94 into the hollow cylinder 92, and
therefore the insertion length of the movable electrode 94
into the fixed electrode 93B can be varied by the rotation
of the movable electrode 94 in a forward or reverse direc-
tion to move the movable electrode 94 forward or backward.
The movable electrode 94 is fixed by the lock nut 95.
The input terminal 96 and the output terminal 97

U consist, for example, of coaxial plugs, and the external
conductor that forms these coaxial plugs is connected to
the external conductor 91. The input coupling wire 98-is
connected at one end to the internal conductor of the
coaxial plug 96, and at the other end to the fixed elec-
trode 93A. Thé output coupling wire 99 is connected at
one end to the internal conductor of the coaxial plug 97,
and at the other end to the fixed electrode 93A. The

fine-tuning element 100 is made of a metal screw threaded



the same as in Figs. 89 and 90. Fig. 100 is a vertical cross section of
anot her exanple of a filter constructed using the resonator shown in Fig.
83. This filter conprises an external conductor 61C, fixed electrodes [err]
through [err] novable electrodes [err] through [err] lock nuts [err]
through [err] that are used to fix the novable el ectrodes [err] through
[err] an input term nal 65, and outpw 7% rmnal [err] an input coupling-use
probe 73, an output coupling-use probe 74, partition walls

into the.wall of the external conductor 91, and is fixed

by a lock nut 101.

With a resonator constructed in this manner, a
parallel resonance circuit Qhose equi#alent circuit is
shown in Fig. 104, is formed by the distributed inductance
of the external conductor 91 and the capacity of the
variable resonance capacity element composed of the solid
dielectric hollow cylinder 92, the fixed electrode; 93A
and 93B, and the movable electrode 94.

In Fig. 104, the symbol R represents the resonance
circuit, the symbol Mgp represents the input magnetic
field coupling coefficient, and the symbol Mp; represents
the oﬁtput magnetic field.coupling coefficient.

When high-frequency power is applied, for example, to
.the coaxiél plug 96,'the electromagnetic field disfribu—
tion in this resonator will be such that the electric
field vector is expressed by the solid arrowed line E in
W, Fig. 102, the current by the solid arrowed line I in Fig.

" 102, and the magnetic field by the broken line H in Fig.
103.

Since inductance is relatively small, and the
capacitance is relatively large in this resonator, this
resonator is a low impedance type with good withstand
voltage characteristics.

If a ceramic with a high dielectric constant and a

dielectric loss that is nearly zero is used as the hollow



79 through 793 nade of conductor plates, capacity formation el ectrodes
[err] through [err], and connection - 75 conductors [err] through [err].
*The connection conductors [err] through [err] are inserted through and
fixed to the partition walls 791 through [err] while maintaining insulation
bet ween connec- )
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cylinder 92 made of a solid dielectric in the variable
resonance capacity element, then the Q (Qy) of the
variable resonance capacity element consisting of the
solid dielectric hollow cylinder 92, the fixed electrodes
93A and 93B, and the movable electrode 94 éan be ignored.
In addition, the eleétronic energy that can be accumulated
in this resonator will correspond to the volume of the
external conductor 91, and the resistance in the metal
portion of this resonator can be kept extremely low, so
that an extremely large unloaded Q cah be.obtainéd.

The inventor was able to obtain the following experi-
mental equation (16) for the unloaded Q (Q,) through the
use of prototypes whose external cpnductor 91, fixed
electrodes 93A and 93B, and movable electrode 94 are made
of copper, although the magnitude of the unloaded Q (Q,)
will vary with the ratio of the inductance to the capaci-
tance of the resonator.

U Qu = 20 £0% o SH  «ee  (16)
where f; is the resonance frequency (MHz) and SH is
the height (ém) of the external conductor 91 (cm) (see
Fig. 102). |
Although Fig. 102 illustrates an example of a case in
which tap coupling by the coupling wires 98 and 99 is used
as means for coupling in high-frequency fashion the input
terminal 96 with the fixed electrode 93A, and the output

terminal 97 with the fixed electrode 93A, means for



tion conductors 811 through 813 and the partition walls 791 through 793.
The connection conductor [err] connects the electrodes [err] with the
el ectrode [err], and capaci- tively couples the resonator including the
fixed electrode [err] with the resonator including the fixed el ectrode
[err]. The other resonators are simlarly coupled. Fig. 101 is also a
vertical cross section of a filter i Wieh the neighbouring stages are
coupl ed by capacitive coupling. Wth this filter, capacity formation
el ectrodes 82 oo ) . . )
capacitively coupling the input terminal 96 with the fixed
electrode 93A via the capacity element 102 and means for
capacitively coupling the output terminal 97 with the
fixed electrode 93A via the capacity element 103 may also
be used, as shown in Fig. 105, or probes 104 and 105 may
be used as the inpu£/output coupling means} as shown in
Fig. 106. In addition, loops 106 and 107 may be used as
the input/output coupling means, as shown in Fig. 107.

Figs. 105 through 107 correspond to the cross section
of Fig. 103 viéwed,from below, omitting the lower side
wall of external conductor 91, and hereinafter the same
applies to Fig. 108 similar to Figs. 105 through 107.

The structure not discussed in the explanation of
Figs. 105 through 107 are the same as in Fig..102.

Fig. 108 is a vertical cross section of the resonator
of the twenty-first embodiment according to the present
invention.

U In this embodiment, a low-pass filter circuit is
formed by inductance elements 108 and 109 for the compen-
sation of transmission characteristics, interposed between

. the.cdnnection terminals 96 and 97 with the external
circuit, and a capacity element 110 connected between the
fixed electrode 93A that forms the resonance capacity
element and the connection point of the inductance

elements 108 and 109. With this resonator, as shown by

the transmission characteristics in Fig. 110 whexre the



through [err] having U shaped cross sections, and rotary support shafts 831
through 833 that are rotatably attached to the upper wall of the common
shield case 61C maintain- ing insulation between the support shafts [err]
through [err and the upper wall of the conmmon shield case 61C, are provided
in place of the partition walls [err] through [err], the capacity formation
el ectrodes [err] through [err], and th&2cennection conductors [err] through
[err] of the filter in Fig. 100. Wen the support shaft [err] is rotated,
t he el ectrode [erE] supported by this support shaft [err] also
axis of abscissa represents the frequency and the axis of
ordinate represents the amount of attenuation, the slope
of the attenuation characteristic curve in the frequency
region lower than the resonance frequency fo is steep,
while the slope of the attenuation characteristic curve in
the frequency region higher than the resonance frequency
fy is gentle, and a transmission inhibition band is formed
in the frequency region including the resonance frequency
fg-
Fig. 109 is an equivalent circuit diagram of the
resonatoxr shown in Fig. 108. The symbol R represents the
resonance circuit composed of the external conductor 91
and the variable resonance capacity element, and the rest
of the symbdls are the same as in Fig. 108.
The resonance frequency f; of the circuit composed of
the resonance circuit R and the coupling-use capacity
element 112 changes according to the capacitance of the
Y, coupling-use capacity element 110, and the fine tuning of
the resonance frequency can be performed by the provision
of an adjustment element similar to the resonance frequen-
cy fine-tuning element 100 shown in Fig. 103.
Fig. 111 is a vertical cross section of the resonator
of the twenty-second embodiment according to the present
invention.

This embodiment differs from the twenty-first

embodiment shown in Fig. 108 in that the coﬁpling of the



rotates, thereby changing the interstage coupling capacity coefficient. The
ot her nei ghbouring stages are simlarly -76 - coupled. Although the
filters in the enbodi nents shown in Figs. 89, 90, and 96 through 101 are
exanpl es of cases in which the order of the circuit is 4, the present
I nvention
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connection point of the inductance elements 108 and 109
with the fixed electrode 93A is performed by tap coupling
~using an inductance element 111, and in that the resonance
frequency fo of the circuit composed of the resonance
circuit R and the coupling-use inductance elemeﬁt 111
changes according to the inductance of the inductance
element 111. The rest of the structure and operation is
substantially the.same as in the twenty-first embodiment
shown in Fig. 108.

Fig. 112 is an equivalent circuit diagrém of the
resonator shown in Fig. 111. Except fqr the inductance
element 111, all of the symbols are the same as in Fig.
109.

Fig. 113 where.the axis 6f abséissa and the axis of
ordinate are the same as in Fig. 110, is a diagram illus-
trating the transmission characteristics of the resonator
sﬁown_in Fig. 111, which is subsfantially the same as the

" characteristics shown in Fig. 110.

Fig. 114 is a vertical cross section of the resonator
of the twenty-third embodiment according to the present
invention. This embodiment differs from the twenty-first
embodiment shown in Fig. 108 in that the inductance ele-
ménts 108 and 109 used in the twehty—first embodiment
.shown in Fig. 108 are replaced with capacity elements 112

and 113. The rest of the structure is the same as in the

twenty-first embodiment shown in Fig. 108.



can also be inplemented with this order suitably increased or decreased. In
addi tion, although above embodi ments are for cases of a Conbline-type
filter, the present invention can also be inplenmented for interdigital
filters. In the filters shown in Figs. 89, 90, and 96 through 101, any one
of the input/output coupling elenents in the resonators shown in Figs. 83
and 86 through 88 as the input/output gaupling elenents. The resonators
shown in Figs. 83 and 86 through 88 -

Fig. 115 is an equivalent circuit diagram of the
resonator shown in Fig. 114. Except for the capacity
elements 112 and 113, all of the symbols'are the same as
in Fig. 109.

Fig. 116 where the axis of abscissa and the axis of
ordinate are the same as in Fig. 110, is a diagram illus-
trating the. transmission characteristics of the resonator
shown in Fig. 114. 1In this embodiment, the slope of the
attenuation characteristic curve in the frequency region
lower than the resonance frequency folis gentle, while the
slope of the attenuation characteristic curve in the
frequency region higher than the resonance frequency fg, is
steep, and a transmission inhibition band is formed in the
frequency region including the resonance frequency fo-

Fig. 117 is a vertical cross section of the resonator
of the twenty-fourth embodiment according to the present
invention. |
Y This embodiment is the same as the twenty-third

~ embodiment shown in Fig. 115 in that the capacify elements
112 and 113 are used as transmission characteristic
compensation elements; and is the same as the twenty-
second' embodiment shown in Fig. 111 in that tap coupling
is performed using the inductance element 111 as a
coupling element. The rest of the structure is the same
as in the twenty—third embodiment shown'in Fig. 114.

Fig. 118 is an equivalent circuit diagram of the



can be operated as a band elinmination filter by connecting one of the
termnals to an external circuit using one of the nethods shown in Figs.
52, 55, 58, 61, 64 through 67, and so on. A band elimnation filter of -
which the elimnation band width, the anpunt of attenuation, etc., can be
set and changed at will can be constructed by replacing the various

vari abl e capacity elenments in Figs. 468shrough 82 with the variable

- capacity elenent in Fig. 83. Fig. 102 is a vertical cross section of the
resonat or ' .
resonator shown in Fig. 117. Except for the inductance
element 111, all of the symbols are the same as in Fig:
115.

Fig. 119 where the axis of abscissa and the axis of
ordinate are the same as in Fig. 116, is a diagram illus-
trating the transmission characteristics of the resonator
shown in Fig. 117, which is substantially'the same as the
characteristics shown in Fig. 116.

Figs. 120 through 123 are cross sections illustrating
the twenty-fifth through twenty-eighth embodiments of the
present invention. The resonator in Fig. 120 has a probe
104 in place of the coupling element 110 shown in Fig.
108; the resonator in Fig. 121 has a loop 106 in place of
the coupling element 110 shown in Fig. 108; the resonator
in Fig. 122 has a probe 104 in place'of the coupling
element 110 shown in Fig. 114; and the resonator in Fig.
123_has a loop 106 in place of the coupling element 110
shown in Fig. 114. The rest of the structure in the
respéctive figs. are the same as the structure in FPig. 108
or 114.

Fig. 124 is a vertical cross section of a filter
constructed using the resonator shown in Fig. 102, and
Fig. 125 is a horizontal cross section thereof.

This filter comprises an external conductor 91C;

fixed electrodes 93A; through 93A,; and 93B; through 93B4

similar to the fixed electrodes 93A and 93B shown in Fig.



of the twentieth enbodi nent according to the present invention, and Fig.
103 is a horizontal cross section - 77 - thereof. The resonator in this
enbodi ment conprises a cubic external conductor 91; a solid dielectric

hol | ow cyl i nder 92- made of cerami c; a variable resonance capacity el enent

- 86 -~

102; solid dielectric holléwfcylihders 92, through 92,
similar to the solid dielectric hollow cylinder 92 shown
in Fig. 102; fixing ﬁembers 93C; through 93C, that are
used to fix the fixed electrodes 93A; through 93A,; fixing
members 93D; through 93D4 that are used to fix the fixed
électrodes 93B; through 93B4; variable electrodes 94,
through 94, that make up the variable resonance capacity
element along with the fixed electrodes 93A; through 9334
and 93B1 through 93B4 and are similar to the movable |
electrode 94 shoﬁn in Fig. 102; lock nuts 95; through 95,
that are used to fix the variable electrodes 94; through
944; an input terminal 96; aﬁ output terminal 97; an input
coupling wire 98; an output cbupling'wire 99; resonance |
frequency fine-tuning elements 100y through 1004; and lock
nuts 101; through 101, that are used to fix the fine- |
tuning elements 100; through 1004. |
Fig. 126 is an equivalent circuit diagram of the
U filter shown in Figs. 124 and 125. Symbols R; through R,
represent resonance circqits, the symbol Mg represents
.the input magnetic field coupling coefficient, the symbol
My7 represents the output magnetic field coupling
coefficient, and symbols M;, through M3, represeﬁt the
interstage magnetic field coupling coefficients.
Fig. 127 is a converted equivalent circuit diagram
of the equivalent circuit diagram shown in Fig. 126, and

the symbols_are-the same as in Fig. 126.



conposed of fixed el ectrodes 93A and 93B, and a novabl e el ectrode 94; a.
fixing menber 93C that is used to fix the fixed electrode 93A, a fixing
.menber 93D that is used to fix the fixed electrode 93B, a |ock nut 95 that
is used to fix the novable el ectrode 94; an input termnal 96; an out put
termnal 97; an input coupling wire 98; an output coupling wire 99; a
resonance frequency fine-tuning el enen87100; and a |ock nut 101. The
external conductor 91 may al so be a bottoned cylinder. The upper and | ower

ends of the hollow cylinder 92 _
Although Figs. 124 through 127 illustrate a case in

which: the input/oﬁtput coupling elements are made of the
tap coupling wires 98 and 99, a capacity coupling element
made of the éapacitors 102 and 103 or the probes 1b4 and
105 or a magnetic field coupling element made of the loops
106 and 107 shown in Figs. 105 through 107 may also be
used to implement the present invention.

The band-pass filter shown in Figs. 124 through 127
can be designed in the same manner as the band-pass filter
shown in Figs. 33 through 36.

Fig. 128 illustrates an example of the relation
between the interstage magnetic field couplingicoefficient
and - the center spaéing of adjacent resonance capacity
elements, obtained aé a result of repeated experimentation
with prototypes by the inventor. The axis of abscissa
represents (d - 0.3C)/W where d is the center spacing of
adjacent resonance capacity elements (see Fig. 124), C is

W, the external diameter of the fixed electrodes 93A; through
9334 that form the variable resonance capacity element
(see Fig. 124), and W is the width of the external conduc-
tor 91C (see Fig. 125). The axis of ordinate represent
- the interstage magnetic field coupling coefficient My,
k+1-

The transmission loss L of the band-pass filter shown

in Figs. 124 through 127 is expressed.by equation (13).

An example of the transmission characteristics of the



are a suitable distance apart from and face the upper and | ower walls,
respectively, of the external conductor 91. The fixed el ectrode 93A, 93B
are made of a nmetal thin layer such as silver that is bonded around the
inside and outside, respectively, of the hollow cylinder 92. The upper end
of the fixed electrode 93A is soldered to the inner side of the conductive
fixing menber 93C, which is in the fer88of a flanged holl ow cylinder, and
the flange of the fixing nmenber 93C is fixed by a screwto the upper wall
of the external conductor 91. The |ower end of the
filter shown in Figs. 124 through 127 is shown in Fig. 40.
Fig. 129 is a vertical cross section of a band-pass
filter in which the interstage coupling consists of capac-
itive coupling.
This filter comprises an external conductor 91C;
fixed electrodes 93A; through 9334, solid dielectric
hollow cylinders 92; through 92, and fixed electrodes 93B3
through 93B, that are provided concentrically to the
interiors of the fixed electrodes 93A; through 9334,
although not shown in the Fig. 129; fixing members 93Cy
through 93C4; fixing members 93D; through 93D,; lock nuts
95; through 954; an input terminal 96; an output terminal
97; an input coupling capacity element 114¢4; interstage
coupling capacity elements 114,, through 11434; and an
output coupling capacity element 114,,.
~Fig. 130 is an equivalent circuit diagram of the
band-pass filter shown in Fig. 129. Symbols Ry through Ry
" represent resonance circuits, the reference numeral 114g4
is the input coupling capacity, reference numeral 11445
through 11434 represent the interstage coupling capacity,
and the reference numerals 114,44 represent the output cou-
pling capacity.
Fig. 131 is a converted equivalent circuit diagram
of the equivalent circuit diagram shown in Fig. 130, and

the symbols are the same as in Fig. 130.

Although Fig. 129 illustrates an example of a case in



fixed electrode 93B is attached in elastic contact with the upper portion
of the conductive fixing nember 93D - 78 - whose upper portion is
provided with a plurality of slits to achieve elasticity and which is in
the formof a bottoned hollow cylinder. This fixing nenber 93D is fixed to
the lower wall of the external conductor 91 by a screw,

- 89 -
which the input/oﬁtpﬁt coupling elements consist of
capacity elements, tap coupling wires, probes, loops, or
other such high-frequency coupling means may also be used.

An example of the transmission charecteristics of the
band-pass filter shown in Fig. 129 is shown in Fig. 40.

It is also possible to use the.variable resonance
capacity element shown in Fig. 102 (comprising the solid
dielectric hollow cylinder 92, the fixed electrodes 93A
and 93B, the fixing members 93C and 93D, the movable
electrode 94, and the lock nut 95) instead of the variable
resonance capacity element of the filter in Fig. 76 or 80
(comprising the solid dielectric hollow cylinder 32, the
fixed electrede 33, the movable electrode 34, and the lock
nut 35 of the resonator shown in Fig. 46). In this case,
the transmission characteristics will be the same as the
transmission characteristics of the filter in Fig. 76 or
80 except that the usable frequency band will be lower

N\ . becauee of the fixed capacity produced bf the solid di-
electric hollow.cylinder 92 and the fixed electrodes 93A
and 93B. | -

In addition, in the embodiﬁents shown in Figs. 102
through 131, the fixed electrodes 93A and 93B can be
constructed from a hollow éylinder made of a metal
conductor that has been strengthened by making the walls
thicker, and an air layer can be used instead of the

hollow cylinder 92 made of a solid dielectric.



using the threaded hole forned in the bottomof itself. The novable
el ectrode 94 nﬂﬂnsﬁhéetaasﬂybn@ﬁ edhol | ow cylindrical conductor (such as

copper) threaded side, and is scrQmed,La£a"thé~ThrEaded hol e
formed in the up external conduftorg 8L coaxiaty W th the
fi xed el ectrodes gth

and 938 The I nsertion le ofsithve *nibvahl gi el ect r ode
94 into the holl ow cylinder and t-h@oef-or e {the—insertion Tength of the
nmovabl e el ectrode 94 into the flxed el ectrode 93B can be varied by the

rotation of the novable electrode 94 in a forward or reverse direc-
WHAT IS CLAIMED IS:

1. A resonator comprisingz

an external conductor;

a resonance capacity element comprising a dielectric
plate fixed at the upper and lower ends to the upper and
lower walls, respectively, of said external conductor, and
electrodes made of a metal plate or a metal thin layef
provided on the front and back sides of said dielectric
plate; wherein the lower end of one of said electrodes is
electrically connected to the lower wall of said external
conductor, and a gap is formed between the upper end of
said one electrode and the upper wall of the said external
conductor, while the upper end of the other electrode is
electrically connected to the upper wall of said external
conductor, and a gap is formed between the lower end of
said other.electrode and the lower wali of said external

'\J, conductor; | |
- an input terminal; -

an output terminal; and

ﬁeans for connecting one of the electrodes of said
resonance capacity element to.said input terminel and the

said output terminal in a high-frequency fashion.

2. A resonator comprising:

an external conductor;

B, R
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tion to nove the anabIe electrode 94 forward or backward. The novabl e

el ectrode 94 |s'1f11 f nut 95. The input termnal 96. and t he
output termnal 9 exanpl e, of cpaxiat " prugs and, mhe ext erna
conduct or that fo ial plugs is cpAnected to’ the”é ler na

conductor 91. The |nput coupllng wire 98 is ¢ nected at.‘one.end to the
I nternal conductor of the coaxial plag996+ and at it the other end to the
fixed el ec- trode 93A. The output coupling wire 99 is connected at one end

to the internal conductor of the coaxial plug 97,
a resonance capacity element comprising a dielectric

pléte fixed at the upper and lower ends to the upper and
lower walls, respectively, of said external conductor; and
electrodes made éf a metal plate or a metal thin layer
provided on the front and back sides of said dielectric
plate, wherein the lower end of one of said electrodes is
electrically connected to the lower wall of said external
conductor, and a gap is formed between the upper end of
. said one electrode and the upper wall of said external
conduétof, whilé_the upper end of the other electrode is
electrically connected to the upper wall of séid external
conductor, and a gap is formed bétween the lower end of
said other eiectrode and the lower wall of said external
conductor; | |

an input terminal;

an output terminal;

two inductance elements or two capacity elements for
the compensation of transmission characteristics connected
in series between said input terminal and said output
terminal; and

means for connecting one of the electrodes of said
resonance capacity element to the connection point of said
two inductance elements or said two capaéity elements in a

hiQh—frequency fashion.

3. A filter comprising:

———

T



and at theé%t er nd o the fixed el ectrode 93A. The fine-tuning elenent
100 i s nad & t hr eaded - 79 - into the wall.of~the
external con u is fixed by a | ock n@t~=T01" VVth a-resagnat or
const ruct ed a parallel resonanc? 1T cuj mhose equivalent

i
‘Itug

circuit is _ —
- 92 - =

a common external conductor;

a plurality of resonance capacity elements connected
in series in a high-frequency fashion and comprising.a
plurality of dielectric plates provided at suitable inter-
vals in the said external conductor and fixed at the uppef
and lower ends to the upper and lower walls, respectively,
of said eiternal conductor, and electrodes made of a metal
plate'or a metal thin layer provided on the front and back
sides of said each dielectric plate, wherein the lower end
of one of the electrodes is electrically connected to the
lower wall of said external conductor, and a gap is formed
between the upper end of said one electrode and the upper
wall of said external conductor, while the upper end of
the other electrode is electrically connected to the upper
wall of said external conductor, and a gap is formed be--
tween the lower end of said other électrode_and the lower
wall of said external conductor;

an input terminal;

an output terminal;

meéns for cohnecting one of the electrodes of the top
resonance capacity element of said plurality of resonance
capacity elements to said input terminal in a high-fre--
quency fashion; and

meaﬁs for cénnecting one of the electrodes of the
last resonance capacity element of said plurality of

resonance capacity elements to said output terminal in a

* < L ] S *



shown in Fi g.—304+ +s—formed-—by—-the distributed i nductance of the external

conductor 91 apgs 2paCkiY,.Qf the variable resonance capacity el ement
conposed of the : I c. hol | ow cyl i ngee=82~—+4he=fixed- el ectrodes
93A and 93B, anolm ﬂiﬂgmﬂ | ectrode 94. | niFirgiz 404: 1t e synbol R
represents the r ' it, the symbol MR represhrts the i nput
magnetic field coupling coefficient,-aB@ the s¥HHe—WMR7—Tepresents the
out put magnetic field coupling coefficient. Wen high-frequency power is
applied, for exanple, to

high-frequency fashion.

4. A resonator comprising:

an external conductor;

a variable resonance capacity element comprising a
hollow cylinder composed of a solid dielectric whose lower
end portion is fixed to the lower wall of said extefnal
~conductor and whose upper end portion faces the upper wall
of said external conductor a éuitable distance away, a
fixed electrode composed of a metal thin layer that ad-
heres around the outer surface of said hollow cylinder and
whose lower end portion is electrically connected to the
lower wall of said external conductor, and a hollow or
solid cylindriéal movable electrode that is coaxiai with
said fixed electrode and is attached to the upper wall of
said external conductor so.that the insertion length of
said movable electrode into séid hollow cylinder can be

. varied;- |

an input terminal;

an outpuf terminal; and

means for connecting said fixed electrode to said
input terminal and said output terminal in a high-

frequency fashion.

5. A resonator comprising:

an external conductor;

* [ L M H *



resonat or w

solid arro i 102, the current by the sol&d arrovied, li.he i~
in Fig. 102, “B |cf|eld by the broken line H-in Fig. 103, .Si.nce
I nductance is and the capacitance i's relatively Iarge I n

this resonator,

%}ﬂéﬁ@m acedl he electric field vector i s; EHpE eSS ,E')"y THET

this resonator Is a F0w4|ﬁpedance type with good mﬁthstand

voltage characteristi cs.

a variable resonance capacity element comprising a

hollow cylinder compbsed of a solid dielectric whose lower

end portion is fixed to the lower wall of sald external

conductor and whose upper end portion faces the upper wall

of said external conductor a suitable distance away, a

fixed electrode composed of a metal thin layer that ad-

heres around the outer surface of said hollow cylinder and .

whose lower end portion is electrically connected to the

lower wall of said external conductor, and a hollow or

solid. cylindrical movable electrode that is coaxial with

said fixed electrode and is attached to the upper wall of

said external conductor so that the insertion length of

said movable electrode into said hollow cylinder can be

varied;

an input terminal;
an output terminal;

two inductance elements or two capacity elements for

the compensation of transmission characteristics connected

in series between said input terminal and said output

terminal; and

means for connecting said fixed electrode to the

connection point of said two inductance elements or said

two capacity elements in a high-frequency fashion.

6.

A filter comprising:

an external conductor;

| R ) DL



If a ceranTc—“TTr‘a‘h“gﬁ“d’érectrlc constant and a d| electric loss that is
near |y zer (rhisShdéSadd Baén Replecednol | ow - 80 cylinderf €0t )l 1 d
dielectric i resonance capacity el en ‘

t he vari abl GUMBWWME acity element consistin

hol I ow cylin ) xed el ectrodes

- 95 —

a plurality of vafiable resonance capacity elements
connected in series in a high-frequency fashioﬁ and com-
prising a plurality of hollow cylinders provided at suit-
able inteivals and composed of a solid dielectric whose
lower end portion is fixed to the lower wall of said
external conductor and whose upper end portion faces the
upper wall of said external conductor a suitable distance

- . away, a fixed electrode composed of a metal thin layer
that is provided on each of said hollow cylinders, adheres
around the outer surface of said hollow cylinder, and
whose lower end poftion is electrically connected to the
lower wall of said external conductor, and a hollow or
solid cylindrical movable electrode that is coaxial with
said.fixed electrode and is attached to the uppef wall of
said external conductor so that the insertion length of
said movable electrode into said hollow chinder can be
varied;.
s an input terminal;
an output terminal;
means for connecting the top resonance capacity ele-
ment pf said plurality of resonance capacity elements to
said input terminal in a high-frequency fashion; and
means for connecting the last resonance capacity ele-
ment of said plurality of resonance capacity elements to

said output terminal in a high-frequency fashion.

A



93A and 93B, gh%he ana e etectrode 94 can be i gnored. In addition, the

el ectronic en lhajaccunulated in this resonator will correspond
to the volune conductor 91, and the resistance in the neta
pertion of thi n be kept extrenely Iow;_so_that an extrenely

| arge unl oaded Q can be ob ai ned. The inventor was jakle 't o obfarm-thes;

fol |l owi ng experi- nental equat'ion (16)9for the unl aded QJLf
use of prototypes whose external conductor 91, flxedmelectrod_m

93B, an le_el
and moyabl e, el ectrode 9¢natenlBde

'hrough t he
thA_ahd

an external conductor;

a variable resonance capacity element comprising a
fixed electrode compoSed of a hollow cylindrical conductor
whose lower end portion is fixed to the lower wall of said
exterﬁal.conductor and whose upper end portion faces thé
upper wall of said external conductor a suitable distancé

away and a movable electrode composed of a hollow or solid

~ .cylindrical conductor that is coaxial with said fixed
electrode and is attached to the upper wall of said exter-
nal conductor so that the insertion length of said movable
electrode into said fixed electrodé can be varied;
an input terminal;
an output terminal;
means for connecting said fixed electrode to said
input terminal and said output terminal in é high-frequency
fashion.
—/ _
8. A filter comprising:

an external.conductor;

a plurality of variable resonance capacity elements
conneéted in series in a high-frequency fashion, provided
at suitable intervals, énd comprisihg a fixed eiectrode
composed of a hollow cylindricél conductor whose lower end
portion is fixed to the lower wall of said external con-

ductor and whose upper end portion faces the'upper wall of

N



of copper, atthough—the—ragnitude of the unloaded Q (Qu) wll vary with the
ratio of the hpdWeLARCRehRediddes Capaci - tance of the resonator. [err] SH

(16) where [errllu t HﬂM'Emance frequency (MHz) and SH is_the _height (cm) °
M by thewscguphing |

of the external (cm. (see Fig. 102). Altfough Fig 4 b
il lustrates an ase in which tap couplin )

wires 98 and 99 is used as nmeans for -ceapking i n hi ghiftreguency -f-ashi-on-t he
I nput

N S Au——

said external conductor a suitable distance away and a
movable electrode composed of a hollow or solid cylindri-
cal conductor that is ¢oaxial with said fixed electrode
and is attached to the upper wall of said external conduc-
tor so that the insertion length of said movable electrode
into said fixed electrode can be varied;

an input termiﬁal;

an output terminal;

\{ means fdr connecting the fixed electrode of the top
resonance capacity eleﬁent of said plufality of resonance
capacity elements to said input terminal in a high-fre-
quency fashibn; and

means for connecting the fixed electrode of the last
resonance capacity element of said plurality of resonance
capacity elements to said output terminal in a high-fre-
quency fashion.

W, 9. A resonator comprising:

an external conductor;

a variable resonance Eapacity element comprising a
hollow cylinder composed of a solid dielectric whose upper
and lower end portions face the upper énd lower walls,
respectively, of said external conductor a suitable dis-
tance away, a first fixed electrode composed of a metal
thin layer that adheres around the inner surface of said
hollow cylinder and whose lower end portion is electrical-

_\

———
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term nal %—vvi~t—hthe—FHeed—eFectrode 93A, and the output termnal 97 with
the fixed ehfGhHERHAS m Eegans for - 81 - capacitively coupling the

i nput termni nII!IHE"“u ’I fixed electrode 93A via the capacity el enent 102

and neans fo coupl ing the output term nal 97 -t h--t-he: flxed
ly connected to the lower wall of said external conductor,

el ectrode 93 ity el errent 103 may al‘750= g b
98 B

[

a second fixed electrode composed of a metal thin layer
that adheres around the outer surface of said hollow
cylinder and whose upper end portion is electrically
connected to the upper wall of said external conductor,
and a hollow or solid cylindrical movable electrode that
is coaxial with said first and second fixed electrodes and

is attached to the upper wall of said external conductor

N~ so that the insertion length of said movable electrode
into said hollow cylinder can be varied;
an input terminal;
an output terminal; and
means for connecting said secqnd'fixed electrode to
said input terminal and said output terminal in a high-
frequency fashion. | |
10. A resonator comprising:
U an external conductor;

a variable resonance capacity element comprising a
hollow cylinder composed of a solid dielectric whose upper
and lower end portions face the upper and lower walls,
respectively, of said external’' conductor a suitable dis-
tance away, a first fixed electrode composed of a metal
thin layer that adheres around the inner surface of said
hollow cylinder and whose lower end portion is electrical-

ly connected to the lower wall of said external conductor,

\\II\II\ g \||\



be used,—as—shown 1 F 7. ‘05, or probes 104 and 105 may be used as the

|nput/outﬁﬁgs&%ums8&g as shown in Fig. 106. In addition, |oops 106
and 107 may e |nput/output coupllng gean" as sh@wn—hn Fig.
107. Figs. nb“ﬂﬂ 7 correspond to the crosé“%ec ‘orrofis th; 103
viewed fro ng the | ower side wall Qi~eX1 rfral 2 condugt or 91

and hereinafter the sane appl i-es to4ﬁ2ﬁ 408 simlar tE'F*g§"“TB§ t hr ough
107. The structure not discussed in the explanatlon of Figs. 105 through

107 are the sane as in Fig. 102.
a second fixed electrode composed of a metal thin layer

that adheres around the outer surface of said hollow
cylinder and whose upper end portion is electrically
connected to the upper wall of said external conductor,

and a hollow or solid cylindrical movable electrode that
is coaxial with said first and second fixed electrodes and
is attached to the upper wall of the said external conducf'

tor so that the insertion length of said movable electrode

hd into said hollow cylinder can be varied;
an input terminal;
an output_ferminal;
two inductance eléments or two capacity elements for
the compensation transmission charactefistics connected in
series between said input terminal and said output termi-
nal; and |
means for connecting said second fixed electrode to
the connection point of said two inductanée elements or
" said two capacity elements in a high-frequenqj fashioﬂ.

11. A filter comprising:

a common external conductor;

a plurality of variable resonance capacity elements
connected in éeries in a high-frequency fashion and com-
prising a hollow cylinder composed of a solid.dielectrib
whose upper and lower end portions face the upper and

lower walls, respectively, of said external conductor a

DR O ) R



Fi g. 108—+s~a_¥eLLngL~pross section of the resonator of the tmenty first

enbodlnen ofeld |ng to the present invention. In this enbodinent

Iom#pass gl fornmed by inductance.elerents 10 “an@ 09 for

t he conpen nsn1SS|on characteri sf I-B$: nterpoeea bq ween t he.
connection nd 97 with the externdl cir@é it“iangbareapa0|ty

el enment 110 connected bet ween the fi-xdd0el-ectr A“That forns the

resonance capacity el enent ‘and the connection point of the inductance

suitable distance away, a first fixed.eléctrode composed
of a metal thin layer that adheres around the inner sur-
face of said hollow'eylinder and whose lower end portion
is electrically connected to the lower wall of said exter-
nal conductor, a second fixed electrode composed of a
metal thin layer that adheres around the outer surface of
said hollow cylinder and whose upper end portion is elec-
trically connected to the upper wall of said external con-
ductor, and a hollow or solid ¢ylindrical movable elec-
trode that is coaxial with said first and second fixed
electrodes and is attached to the upper wall of said
external conductor so that the insertion length of said
movable electrode into'said hollow cylinder can be varied;

an input terminal;

an output terminal;

meens for connecting said second fixed electrode of
the top resonance capacity.element of said plurality of
resonance capacity elements to said input terminal in a
high- frequency fashion; and

means for connecting said second flxed electrode of
the last resonance capacity element of said plurality of
resonance.capacity elements to said output.terminal in a

high-frequency fashion.

'12. A resonator comprising:

an external conductor;

HIIlIII IIIII\ I|I\| i II III\



el enents 108 and 109. Wth this resonator, as shown by the transmi ssion
characteri stics—+n- Frg——%%e_where t he - 82 - axis of abscissa represents
t he frequency gg% EQ Iﬁ fzOr di nate represents._the anount of =

attenuation, attenuatlon char actie rst|C'curve=1n‘tﬁe
frequency regi mm "ﬂm he resonance frequen{;y [err‘]' Pstst eep ‘
- 101 - e

a variable resonance capacity element comprising a

first fixed electrode composed of a metal hollow cylinder
‘'whose lower end portion is fixed to the lower wall of said
external conductor, a eecond'fixed electrode composed of a
metal hollow cylinder that is provided coaxially with said
first fixed elecfrode with a gap on the outside of said
first fixed electrode, and whose upper end portion is
fi#ed to the upper.wall of said external conductor, and a
hollow or solid cylindrical movable electrode that is
coaxial with said first and second fixed electrodes and is
attached to the upper wall of said external conductor so
' that the insertion length of said movable electrode into
said first_fixed electrode can be varied;
an input terminal; |
an output terminal; and
means for connecting said second fixed electrode to
said input terminal and said output terminal in a high-

frequency fashion.

13. A resonator comprising:

an external conductor;

a variable resonance capacity element comprising a
first fixed electrode composed of a metal hollow cylinder
whose lower end portion is fixed to the lower wall of said
external conductor, a second.fixed electrode composed of a

metal hollow cylihder that is provided coaxially with said

L



while the slope of the attenuation characteristic curve in the frequency
regi on higher than the Tesonance frequency [err] is gentle, and a .
transm ssi dﬂnslShdfetHasﬂ!eéHR resd is formed in the frequency regl on i ncl udi ng

t he resonanc rr]. Fig. 109 is an equi=valent: cr T cui d gr am of
t he resonato . 108. The-symbol R représents:th "‘reson(ajce
circuit conpose ternal conrdudx2or- 91 ang the y'“wj eﬂggs ance
capacity el enent, and the rest of the symbols aré sane as in Fig. 108.

first fixed electrode with a gap on the outside of said
firsﬁ fixed electrode, and whose upper end portidn is
fixed to the upper wéll of said external conductor, ahd a

| hollow or solid cylindrical movable electrode that is
coaxial with said first and second fixed electrodes and is
attached to the upper wall of the said externai conductor
so that the insertion length of said'movable electrode

into said first fixed electrode can be wvaried;

— . .
' an input terminal;
an output terminal;
two inductance elements or two capacity elements for
the compensation of transmission characteiistic connected
in series between said input terminal and said_output
terminal; and
means -for connecting said second fixed electrode to
the connection point of said two inductance elements or
said two capacity elements in a high-frequency fashion.
"

14. A filter that has:

a common external conductor;

a plﬁrality of variable resonance capacity elements
connected in series in a high-frequency fashion, provided
at suitable intervals and comprising.a first fixed elec-
trode composed of a metal hollow cylindef whose lower end
portion is fixed to the lower wall of said external con—.

ductor, a second fixed electrode composed of a metal

" HlI\ll\ \\\I\\ 1] \\l\l \\ \ll\



The reSOHaﬂeeni#equency_LELr] of the circuit conposed of the resonance

circuit R@n h&Pﬁ n -use capacity el enent iz_changes accoarding to

t he capaC|t I'i ng-use capacity ele y Iﬂne
tuning of t requency can be perfor E by th€5QKQV|S|on,of an
adjustnent r to the resonance freq -¢4n@atuatﬂg_elenent

100 shown in Flg 103 Fig. 111 is a-vdfBi eal cross section of the

resonator of the twenty- second enbodi nent according to the present
i nventi on.
hollow cylinder that is provided coaxially with said first

fixed electrode with a gap on the outside of said first
fixed electrode, and whose upper end portion is fixed to
the upper wall of seid external conductor, and a hollow or
solid cylindrical movable electrode that is coaxial with
said first and.second fixed electrodes and is attached to
the upper wall of-saiq external conductor so that the

insertion length of said movable electrode into said first

fixed electrode can be varied;

an input terminal;

an output terminal;

means for connecting said second fixed electrode of
the top resonance capacity_element of said plurality of
resonance capacity elements to said input terminal in a
high-frequenc? fashion; and

means for connecting said second fixed electrode of
the last resonance capacity element of said plurality of

Y, resonance capacity elements to said output'terminal in a

high-frequency fashion.

-
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This enbodinment differs fromthe twenty-first enbodi nent shown in Fig. 108
In that the coupling of the -83- connection point of the inductance
el enents 108 and 109 with the fixed el ectrode 93A is perforned by,LaQ/ T
coupling using an inductance el ement 111, and in that _the.f: "'
frequency [err] of the ci rcwt conposed of t he resona&,_:

- 104 - i

ABSTRACT |

A resonator consists of an éxternal conductor (1),
dielectric plate (2), a resonance capacity element, an
input terminal (5), and an output tefminal (6); The
dielectric plate (2) is fixed at its upper and lower ends
to the upper and lower walls, respectively, of the exter-
nal conductor (1). The resonance capacity element is
composed-of electrodes of a metal thin layer or a metal
plate provided'on the front and béck of the dielectric
plate (2). The lower end of one of the electrodes is
electrically connected to the lower wall of the e#ternal
conduétor (1), and a gap is formed between.the upper end
of the electrode and the upper wall df the external con-
ductor (1), while the upper end of the other electrode is
electrically connected to the upper wall of the eiteinal
conductor (1), and a gap is formed between the lower end
of the other electrode and the lower wéll of the external

L conductor (1).
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circuit R and the coupling-use inductance el enent 111 changes according to
the i nductance of the inductance elenent 111. The rest of the structure and
operation is substantially the same as in the twenty-first enbodi nent shown
in Fig. 108. Fig. 112 is an equivalent,gjrcuit diagramof the resonator
shown in Fig. 111. Except for the inductance elenent 111, "all of the
synbols are the sane as in Fig. 109. Fig. 113 where the axis of abscissa

and the axis of
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ordinate are the sane as in Fig. 110, is a diagramillus- trating the
transm ssion characteristics of the resonator shown in Fig. 111, which is
substantially the same as the.characteristics shown in Fig. 110. Fig. 114
is a vertical cross section of thejggonator of ‘the twenty-third enbodi ment
according to the present invention. ThIS enbodi ment differs fromthe
twenty-first enbodi nent shown in Fig. 108 in that the inductance ele-

108 and 109 used in the twenty-first embodi ment shomm in Fig. 108 are
repl aced with Eﬁpaélty el ements 112

3 2 .
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and 113. The rest of the structure is the sane as in the twenty-first
enbodi nent shown in Fig. 108. - 8 - Fig. 115 is an equivalent circuit
di agram of the resonator shown in Fi-g. 114. Except for the capacity

el enents 112 and 113, all of the symjglys are the same as in Fig. 109.
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Fig. 116 where the axis of abscissa-and the axis of ordinate are the sane
as in Fig. 110, is a diagramillus- trating the transm ssion
characteristics of the resonator shown in Fig. 114. In this enbodlnent t he
sl ope of the attenuation characterisyi/gqcurve in the frequency region Iomer
than the resonance frequency [err] is gentle whil e the slope of the
attenuation characteristic curve in the frequency region higher than the
resonance frequency [err] is steep, and a transm ssion inhibition band is
formed in the frequency region including the resonance frequency [err]

FIG. 9

FIG. 10




Fig. 117 is a vertical cross section of the resonator of the twenty-fourth
enbodi nent according to the present invention. This enbodinent is the sane
as the twenty-third enbodi mrent shown in Fig. 115'in that the capacity
elements 112 and 113 are used as &laQsm ssion characteristic conpensation
el ements, and is the sane as the tmenty second enbodi nent shown in Fig.

111 in that tap coupling is performed using the inductance elenent 111 as a
coupl i ng elenent The rest of the structure is the sane :

FIG. 11
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as i.n the twenty-third enbodi nent shown in Fig. 114. Fig. 118 is an
equi val ent circuit diagramof the - 85 - resonator shown in Fig. 117.
Except for the inductance elenent 111, all of the synbols are the sane as

in Fig. 115. Fig. 119 where the axé;sff absci ssa and the axis of
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ordinate are the sane as in Fig. 116, is a diagramillus- trating the
transm ssion characteristics of the resonator shown in Fig. 117, which is
substantially the sane as the characteristics shown in Fig. 116. Figs. 120
t hrough 123 are cross sections ill+§%1ating the twenty-fifth through
twenty-ei ghth enbodi nents of the priesent invention. The resonator in Fig.
120 has a probe 104 in place of the coupling elenent 110 shown in Fig. 108;

the resonator in Fig. 121 has a | oop 106 in place of the coupling el enent
110 shown in Fig. 108; the resonator
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in Fig. 122 has a probe 104 in place of the coupling elenent 110 shown in
Fig. 114; and the resonator in Fig. 123 has a |loop 106 in place of the
coupling elenent 110 shown in Fig. 114. The rest of the structure in the’
respective figs. are the sane as thgsytructure in Fig. 108 or 114. Fig. 124
Is a vertical cross section of a filter constructed using the resonator
shown in Fig. 102, and Fig. 125 is a horizontal cross section thereof. This

filter conprises an external conductor 91C
FIG.
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fixed el ectrodes 93A1 through [err] and [err] through [err] simlar to the
fixed el ectrodes 93A and 93B shown in Fig. - 86 - 102; solid dielectric
hol l ow cylinders [err] through [err] simlar to the solid dielectric hollow

cylinder 92 shown in Fig. 102; fixig? yenbers [err] through 93C4 that are
used to fix the fixed el ectrodes [ef f through [err] fixing
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menbers [err] through [err] that are used to fix the fixed electrodes [err]
through [err] variable electrodes [err] through 944 that make up the

vari abl e resonance capacity elenment along with the fixed el ectrodes [err]
through [err] and [err] through [QDK$4and are simlar to the novable

el ectrode 94 shown in Fig. 102; lock nuts 95 through [err] that are used to
fix the variable electrodes 941 through 944; an input terninal 96; an
output termnal 97; an input coupling wire 98; an output coupling wire 99;
resonance frequency fine-tuning elenments [err] through [err] and | ock

FIG. 25
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nuts [err] through 1014 that are used to fix.the fine- tuning el enents

[err]
shown in Figs.

t hrough [err]
124 and 125.

resonance circuits, the synb0|.[er{{/ﬁf
[erT
and synbols [err]

coupling coefficient, the synbol

.coupling coefficient,

i nterstage nmagnetic field coupling coefficients.
equi val ent circuit diagram

FIG. 27

7 18 172 182 175 185 17d 184 ¢

Fig. 126 is an equivalent circuit diagramof the filter
Synbol s [err] through [err]

repr esent

presents the input magnetic field
represents the output magnetic field
through [err] represent the

Fig. 127 is a converted
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of the equivalent circuit diagramshown in Fig.
the sane as in Fig. 126. - 87 Although Figs.

126, and the synbols are
124 through 127 illustrate

a case in which the input/output coupling elenents are made of the tap
coupling wires 98 and 99, a capaci{yligupling.elenent made of the

capacitors 102 and 103 or the probes 4 and

FIG. 30
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105 or a magnetic field coupling el enrent made of the | oops 106 and 107
shown in Figs. 105 through 107 may al so be used to inplenent the present
i nvention. The band-pass filter shown in Figs.. 124 through 127 can be
designed in the sane manner as tq§ g%nd-pass filter shown in Figs. 33
through 36. Fig. 128 illustrates 4 exanpl e of the relation betvieen the

I nterstage magnetic field coupling coefficient and the center spacing of

adj acent res ce3§apacity el ements, obtained as a result of repeated
experinmentati : :
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with prototypes by the inventor. The axis of abscissa represents (d -
0.30C)./Wwhere d is the center spacing of adjacent resonance capacity

el enents (see Fig. 124), Cis the external dianeter of the fixed el ectrodes
[err] through 93A4 that formthe variable resonance capacity el enent (see
Fig. 124), and Wis the width of 't]rf%/"rb"xt ernal conduc- tor 91C (see Fig.
125). The axis of ordinate represent the interstage magnetic field coupling
coefficient MK [err]. The transm ssion |loss L-of the band-pass filter shown -
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in Figs. 124 through 127 is expressed by equation (13). An exanpl e of the
transm ssion characteristics of the

through 127 is showh in Fig. 40. Fig. 129 is a verti cal
band- pass filter

coupl i ng.

FIG. 40

88 - filter showmn in Figs. 124

amount of
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This filter conprises an external conductor 91C, fixed electrodes [err]
through [err] solid dielectric hollow cylinders [err] through [err] and
fixed electrodes [err] through 93B4 that are provided concentrically to the
interiors of the fixed el ectrodes g?Al t hrough 93A4, al though not shown in
the Fig. 129; fixing nenbers [err} ﬁ?ough 93C4; fixing nmenbers [err]
through [err]; lock nuts [err] through [err]; an input termnal 96; an
output termnal 97; an input coupling capacity elenment 11461; interstage
coupling capacity elenents 11412 through 11434; and an

FIG. 42
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out put coupling capacity elenent [err] Fig. 130 is an equivalent circuit
di agram of the band-pass filter shown in Fig. 129. Synbols [err] through
[err] represent resonance circuits, the reference nuneral 114 is the input
coupling capacity, reference nuner?k %%412 t hrough 11434 represent the

i nterstage coupling capacity, and é ef erence nuneral s 11447 represent
the output cou- pling capacity. Fig. 131 is a converted equivalent circuit
di agram of the equivalent circuit diagramshown in Fig. 130, and

FIG. 45
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the synmbols are the sane as in Fig. 130. Although Fig. 129 illustrates an
exanpl e of a case in - 89 whi-ch the input/output coupling elenents
consi st of capacity elenents, tap coupling wires, probes, |oops, or other
such hi gh-frequency coupling nmeans 1@)@@ so be used. An exanple of the
transm ssion characteristics of the

FIG." 46
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band-pass filter shown in Fig. 129 is shown in Fig. 40. It is also possible
to use the variabl e resonance capacity el enent shown in Fig. 102
(comprising the solid dielectric hollow cylinder 92, the fixed el ectrodes
93A and 93B, the fixing nmenbers 9 ﬂ% 93D, the novabl e el ectrode 94, and
the lock nut 95) instead of the variabl e resonance capacity el enent of the
filter in Fig. 76 or 80 (conprising the solid dielectric hollow cylinder
32, the fixed electrode 33, the novable el ectrode 34, and the |ock nut 35
of the resonator shown in Fig. 46). In this case,
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the transm ssion characteristics will be the sane as the transm ssion
characteristics of the filter in Fig. 76 or 80 except that the usable
frequency band will be | ower because of the fixed capacity produced by the
solid di- electric hollow cylinder 92 and the fixed el ectrodes 93A.and 93B.
In addition, in the enbodi ments s\t in Figs. 102 through 131, the fixed
el ectrodes 93A and 93B can be constructed froma holl ow cylinder nade of a
nmet al conductor that has been strengthened by naking the walls

FIG. 51




t hi cker, and an air |ayer can be used instead of the hollow cylinder 92
made of a solid dielectric. -90- WHAT IS CLAIMED | S: 1. A resonat or
conprising: an external conductor; a resonance capacity el enment conprising

a dielectric 21/54 - : _ '

FIG. 52
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plate fixed at the upper and | ower ends to the upper and | ower walls,
respectively, of said external conductor, and el ectrodes nade of a netal
plate or a netal thin layer provided on the front and back sides of said
dielectric plate, wherein the |ower end of one of said electrodes is
electri-cally connected to the | owa224®1 | of said external conductor, and a
gap is fornmed between the upper end of said one el ectrode and the upper
wal | of the said external conductor, while the upper end of the other

el ectrode is Q%ﬁgtrggally connected to the upper wall of said external

FIG. 56

FIG. 57
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conductor, and a gap is fornmed between the | ower end of said other

el ectrode and the |lower wall of said external conductor; an input termnal;
an output termnal; and nmeans for connecting one of the electrodes of said
resonance capacity element to said ir#kout term nal and the said out put
termnal in a high-frequency fasti¥re? 2. A resonator conprising: an
external conductor;

FIG. 58
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- 91 - a resonance capacity elenment conprising a dielectric plate fixed at
t he upper and | ower ends to the upper and | ower walls, respectively, of
sai d external conductor, and el ectrodes nade of a netal plate or. a netal
thin layer provided on the front d back sides of said dielectric plate,
wherein the |ower end of one of saft!¥ ectrodes is

FIG. 61
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electrically connected to the lower wall of said external conductor, and a
gap is forned, between the upper end of said one el ectrode and the upper.
wal | of said external conductor, while the upper end of the other electrode
is electrically connected to the upper wall of said external conductor, and
a gap is forned between the | ower Eﬂdsﬁf said other electrode and the | ower
wal | of said external conductor; an input termnal; an output terninal;
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two i nductance elenents or two capacity elenents for the conpensation of
transm ssion characteristics connected in series between said input
termnal and said output termi nal; and neans for connecting one of the
el ectrodes of said resonance capaci'%y ﬁ)emant to the connection point of
said two inductance el enents or safdf 1 capacity elenents in a :
hi gh-frequency fashion. 3. A filter conprising:
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-92- a commpn externa
el ements connected in series

conductor;

a plurality of resonance capaC|ty'
in a high-frequency fashion and conprising a.

plurality of .dielectric plates provided at suitable inter- vals in the said

external conductor and fi xed
| ower walls, respectively,
of a netal

FIG. 68
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plate or a metal thin |ayer provided on the front and back sides of said
each dielectric plate, wherein the |lower end of one of the electrodes is

el ectrically connected to the lower wall of said external conductor, and a
gap i's forned between the upper e%% 4 sai d one el ectrode and the upper
wal | of said external conductor, I‘I'e the upper end of the other el ectrode
is electrically connected to the upper wall of said external conductor, and
a gap is forned be- tween the | ower end of said other electrode and the

| ower wal |l of said external conductor;

FI1G. 72
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an input termnal; an output term nal;

means for connecting one of the

el ectrodes of the top resonance capacity elenent of said plurality of

resonance capacity elenents to said input termna
f ashi on;

to said output termnal in a

in a high-fre- quency

and neans for connecting one_of the electrodes of the | ast
resonance capacity el enent of saidZBVa?ality of resonance capacity el enents. .
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- 93
conduct or ;

- high-frequency fashion. 4.

A resonator conprising: an externa
a vari abl e resonance capacity el enent conprising a hollow

cylinder conposed of a solid dielectric whose |ower end portion is fixed to
the lower wall of said external conductor and whose upper end portion faces

the upper wal | 30/54
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of said external
conposed of a netal thin |ayer that ad- heres
said hollow cylinder and whose | ower end porti
to the lower wall of said external conductor

cylindrical novable el ectrode that B&/&8axi al
Is attached to the upper wall of said external

conductor a suitable distance away,

a fixed el ectrode
around the outer surface of
on is electrically connected
and a holl.ow or solid

wth said fixed el ectrode and
conductor so that the

insertion | ength of said novable electrode into said hollow cylinder can be

varled
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an i nput termnal; an output termnal; and means for connecting said fixed
el ectrode to said input termnal and said output termnal in a high-
frequency fashion. 5. A resonator conprising: an external conductor;

32/54
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94 - a variable resonance capacity el enent conprising a hollow cylinder
conposed of a solid dielectric whose |ower end portion is fixed to the

| onwer wal |l of said external conductor and whose upper end portion faces the
upper wall of said external conductor a suitable distance away, a fixed

el ectrode conposed of a netal. thin33@pdr that ad- heres around the outer
surface of said hollow cylinder and whose | ower end portion is electrically

connected to thqsloggr wal |l of said external conductor, and a holl ow or
’ FIG. .
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solid cylindrical novable electrode that is coaxial with said fixed

el ectrode and is attached to the upper wall of said external conductor so
that the insertion length of said novable electrode into said hollow
cylinder can be varied; an input terminal; an output termnal; two

i nduct ance el enents or two capacity¥¥%5dnents for the conpensation of
transm ssion characteristics connected in series between said input
term nal and said output
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term nal; and means for connecting said fixed electrode to the connection
poi nt of said two inductance elenents or said two capacity elenents in a
hi gh-frequency fashion. 6. A filter conmprising: an external conductor;
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- 95 - aplurality of variable resonance capacity el enments connected in
series in a high-frequency fashion and com prising a plurality of hollow -
cylinders provided at suit- able intervals and conposed of a solid.

di el ectric whose | ower end porti036i§ fixed to the lower wall of said
external conductor and whose upper é d portion faces the upper wall of said
external conggegt.ogga suitable distance away, a fixed el ectrode conposed of
a nmetal thin layer that is provided on each of said hollow cylinders,
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around the outer surface of said hollow cylinder, and whose | ower end
portion is electrically connected to the lower wall of said external
conductor, and a hollow or solid cylindrical novable electrode that is
coaxial with said fixed electrode and is attached to the upper wall of said
external conductor so that the insé?¥Pdn | ength of said novabl e el ectrode
into said hollow cylinder can be varied; an input termnal; an output

term nal ;

FIG. 93
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means for connecting the top resonance capacity ele- nent of said plurality
of resonance capacity elenents to said input termnal in a high-frequency

- fashion; and neans for connecting the |ast resonance capacity ele- nent of

- said plurality of resonance capmgéﬁéfﬂenents to said output termnal in a
hi gh-frequency fashi on. 9 6 '

FIG. 94
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7. A resonator that has: an external conductor; a variabl e resonance
capacity el enent conprising a fixed el ectrode conposed of a holl ow
cylindrical conductor whose |lower end portion is fixed to the | ower wall of
sai d external conductor and whose.upper end portion faces the upper wall of
sai d external. conductor a suitablégﬂggtance away and a novabl e el ectrode
conposed of a hollow or solid cylindrical conductor that is coaxial wth
said fixed electrode and is attached to the upper wall of said exter-
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nal conductor so that the insertion length of said novable electrode into
said fixed electrode can be varied; -an input term nal; an output termnal;
means for connecting said fixed electrode to said input termnal and said
output termnal in a high-frequency fashion. 8. A filter conprising: an
external conductor; a plurality of0{24#i abl e resonance capacity el enents

FIG. 96
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connected in series in a high-frequency fashion,

I ntervals, and conprising a fixed el ectrode conpo
cylindri cal
sai d external con-
of 9 7 said externa

conduct or itabl e dist
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novabl e el ectrode conposed of a ho
that is coaxi al
of said external
el ectrode into said fixed eIectroQa

1ow or solid cylindri- cal
with said fixed el ectrode and is attached to the upper wall
conduc- tor so that the insertion | ength of said novable

conduct or

ggn be varied; an input terminal; an

out put term nal;

Ag

means for connecting the fixed electrode of the top

resonance capaC|ty el emrent of said plurality of

resonance capaC| ty el enent s

'to said input terminal in a high-fre-
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guency fashion; and nmeans for connecting the fixed el ectrode of the |ast
resonance capacity elenment of said plurality of resonance capacity el enents
to said output termnal in a high-fre- quency fashion. 9. A resonat or
conprising: an external conductor; 2 vgriable resonance capacity el enent

LY : 3734 : : a
conprising a hollow cylinder conposed’of a solid dielectric whose upper and
| ower end portions face the upper and | ower walls,
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respectively, of said external
first fixed el ectrode conposed of a netal

conductor a suitable dis-

tance away, a
thin | ayer that adheres around

the inner surface of said hollow cylinder and whose | ower end portion is

of said external

el ectrical - 98 - |y connected to the |l ower wall
conductor, a second fixed el ectrode cdﬁ%osed of a netal
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t hat adheres around the outer surface of said hollow cylinder and whose
upper end portion is electrically connected to the upper wall of said
external conductor, and a hollow or solid cylindrical novabl e el ectrode
that is coaxial with said first and second fixed electrodes and is attached
to the upper wall of said external dodddctor so that the insertion l'ength
of said novable electrode into said hollow cylinder can be varied; ‘an i-nput
termnal; an output term nal; and '
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means for connecting said second fixed electrode to said input term nal and
said output termnal in a high- frequency fashion. 10. A resonator
conprising: an external conductor; a variable resonance capacity el ement
conprising a hollow cylinder conpos g o% a solid dielectric whose upper and
| ower end portions face the upper a /Péver wal I's, ‘respectively, of said
external conductor a suitable dis- tance away, a first fixed el ectrode
conposed ‘of a met al
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thin layer that adheres around the inner surface of said hollow cylinder

and whose | ower end portion is electrical- |y connected to the | ower. wall
of said external conductor, - 99 - a second fixed el ectrode conmposed of
a netal thin layer that adheres aroqggshhe outer surface of said holl ow

cylinder and whose upper end portion i'S’electrically

FIG. 111
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connected to the upper wall of said external conductor, and a holl ow or
solid cylindrical novable electrode that is coaxial with said first and
second fixed electrodes and is attached to the upper wall of the said
external conduc- tor so that the ijigggfion Iength of said novabl e el ectrode
into said hollow cylinder can be varied; an input term nal; an output
termnal; two inductance el enents or two capacity elenents for the

conpensation transm ssion characteristics connected in
FIG. 114
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series between said input termnal and said output term- nal; and neans
for connecting said second fixed electrode to the connection point of said
two i nductance elenents or said two capacity elenents in a high-frequency
fashion. 11. A filter conprising: g &pgon external conductor; a plurality
of variabl e resonance capacity el enents connected in series in a -
hi gh- frequency fashi on and com prising a hollom/cyllnder conposed of a
salid dielectric
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whose upper and | ower end portions face the upper and | ower walls,
respectively, of said external conductor a sui tabl e di stance away, a
first fixed electrode conposed of a nmetal thin |ayer that adheres around
the inner sur- face of said hoIFOM/g%gL?der and whose | ower end portion is
electrically connected to the | ower 40of said exter- nal conductor, a
second fixed el ectrode conposed of a
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net al

thin |l ayer that adheres around the outer surface of said holl ow

cyl i nder and whose upper end portion is elec- trically connected to the

upper wal |

of said external

con-

duct

g/sand a hollow or solid cylindrical

novabl e el ec-

trode that

i's coaxi al

with said first and second fi xed

‘el ectrodes and is attached to the upper wall

of said external

conduct or

SO

that the insertion | ength of said novable électrode into said hol | ow

cylinder can be varied;

an input termnal; an output term nal;
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means for connecting said second fixed el ectrode of the top resonance

capacity elenent of said plurality of
i nput term nal
second fixed el ectrode of the |ast

~plurality of resonance capacity ele

in a high-frequency fashi on;

resonance capacity elenents to said
and nmeans for connecting said

r ance capacity elenment of said
Errel

to said output termnal in a

hi gh-frequency fashion. 12. A resonator conprising: an external conductor;
FI1G. 124
94, 93C; 94, 93Cy 943 93C3 93C4 o1,
95
g5 <\C 2. 95, d—
1 - _ 95,
:
{ {
1 H
G 1;fﬁg,,,j,:lll}117j e fglil R{
~ 96 98 9?% 93a2\ 91C 93% 93a4 \ 99 97
- 93Dy 93D> 93D3 93Dy
FIG. 125 :
1004 - 100 __ 1003 1004
‘h_\/l()ll 1012 h 1015 N, 1014
96, | i | o7
{ 1
O W |
d| 1
| _ YA
8 9331 9332 101c 9353 93 99
R1 Rz R3
) /"\ ) %/’“\
Met #r Miz #r M23 7r Ms4 ar M47
FI1G. 127 .
Met M2 M2z  Mza- Mar

96 |

97.




a variabl e resonance capacity elenment conprising a first fixed el ectrode
conposed of a netal hollow cylinder whose | ower end portion is fixed to the
| ower wall of said external conductor, a second fixed el ectrode conposed of
a netal hollow cylinder that is proggpgp coaxially with said first fixed

" electrode with a gap on the outside of said first fixed el ectrode, and
whose upper end portion is :

FIG. 128
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fixed to the upper wall of said external conductor, and a hol
cylindrical novable electrode that is coaxial with said first
fixed electrodes and is attached to the upper wall
conductor so that the insertion | f3 of said novable electr
first fixed electrode can be varied; an_ input termnal;
and neans for connecting said second fixed electrode to said

| ow or solid
and second
of said external
ode into said
an out put termnal;
| nput term nal

and said output termnal in a high-
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frgc'iuehcy fashion. 13. A resonator conprising: an external condBERIQ
vari-abl e resonance capacity el enent conprising a first fixed el ec EEMENT SHEET

conposed of a netal hollow cylinder whose |ower end portion is fi edStd AR
| ower wall of said external conductor, second fixed el ectrode conposed of
a nmetal hollow cylinder that is provid coaxially wth said

WHAT IS CLAIMED 1S :

1. A resonator comprising :

an enclosure made of conductor;

a variable resonance capacity element comprising a hollow cylinder composed of a solid

dielectric whose lower end portion is fixed to the lower side of said_enclosure made of

conductor and whose upper end portion faces the upper side of said enclosure made of

conductor a suitable distance away, a fixed electrode composed of a metal thin l_gyér that
adheres around the outer surface of said hollow cylinder and whose lower end portion is
electrically connected to the Tower side of said enclosure made of conductor, and a hollow
or solid cylindrical movable electrode that is coaxial with said fixed electrode and is attached
to the upper side of said enclosure made of conductor so that the insertion length of said

movable electrode into said hollow cylinder can be varied;
an input terminal; -
an output terminal; and

means of connecting said fixed electrode to said input terminal and said output terminal
electrically.

2. A resonator comprising:

an enclosure made of conductor;

a variable resonance capacity element comprising a hollow cylinder composed of a solid

dielectric whose lower end portion is fixed to the lower side of said enclosure made of

conductor and whose upper end portion faces the upper side of said enclosﬁre made of

conductor a suitable distance away, a fixed electrode composed of a metal thin layer that
adheres around the outer surface of said hollow cylinder and whose hollow end portion is
electrically connected to the lower side of said enclosuré made of conductor, and a hollow
or solid cylindrical movable electrode that is coaxial with said fixed electrode and is attached
to the upper side of said enclosure made of conductor so that the insertion length of said

movable electrode into said hollow cylinder can be varied;
an input terminal;
an output terminal;

two inductance elements or two capacity elements for the compensation of transmission

A



-102- flrst fixed electrode with a gap on the outside of sai QP
el ectrode, and whose upper end portion is fixed to the upper M%AGENENV%EE

external conductor, and a hollow or solid cylindrical novable el bcﬁ Sfe 1996
that is coaxial with said first and secgnd fixed el ectrodes and is attached
to the upper wall of the said external nductor so that the insertion
Iengtg-of said novable electrode into said first fixed el ectrode can be
vari ed;

characteristics connected in series between said input terminal and said output terminal; and

means of connecting said fixed electrode to the connection point of said two inductance

elements or said two capacity elements electrically.

3. A filter comprising:

an enclosure made of conductor;

a plurality of variable resonance capacity elements connected in series electrically and
comprising a plurality of hollow cylinders provided at suitable intervals and composed of a

solid dielectric whose lower end portion is fixed to the lower side of said enclosure made of

conductor and whose upper end portion faces the upper side of said enclosure made of

conductor a suitable distance away, a fixed electrode composed of a metal thin layer that is
provided on each of said hollow cylinders, adheres around the outer surface of said hollow
cylinder, and whose lower end portion is electrically connected to the lower side of said

enclosure made of conductor, and a hollow or solid cylindrical movable electrode that is

coaxial with said fixed electrode and is attached to the upper side of said enclosure made of
conductor so that the Iinsertion length of said movable electrode into said hollow cylinder can
be varied;

an input terminal;

an output terminal;

means of connecting the first resonance capacity element of said plurality of resonance

capacity elements to said input terminal electrically; and
'means of connecting the last resonance capacity elements of said plurality of resonance
capacity elements to said output terminal electrically.

4. A resonator comprising :

an enclosure made of conductor;

a variable resonance capacity element comprising a hollow cylinder composed of a solid

dielectric whose upper and lower end portions face the upper and lower sides, respectively,

of said enclosure made of conductor a suitable distance away, a first fixed electrode

composed of a metal thin layer that adheres around the inner surface of said hollow cylinder

and whose lower end portion is electrically connected to the lower side of said enclosure

* [ L M s *
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connected in series between said input terminal and said output ternhal,” L
and neans for connecting said second fixed electrode to the connection

poi nt of said two inductance el enents oP2 sai d two capacity elenents in a

hi gh-frequency fashion. 14. A filter that has:

made of conductor, a second fixed electrode composed of a metal thin layer that adheres

around the outer surface of said hollow cylinder and whose upper end portion is electrically
connected to the upper side of said enclosure made of conductor, and a hollow or solid
cylindrical movable electrode that is coaxial with said first and second fixed electrodes and

is attached to the upper side of said enclosure made of conductor so that the insertion length

of said movable electrode into said hollow cylinder can be varied;
an input terminal;
an output terminal; and

means of connecting said second fixed electrode to said input terminal and said output

terminal electrically.

5. A resonator comprising:

an enclosure made of conductor;

a variable resonance capacity element comprising a hollow cylinder composed of a solid

dielectric whose upper and lower end portions face the upper and lower sides, respectively,

of said enclosure made of conductor a suitable distance away, a first fixed electrode

composed of a metal thin layer that adheres around the inner surface of said hollow cylinder
and whose lower end portion is electrically connected to the lower side of said enclosure
made of conductor, a second fixed electrode composed of a metal thin layer that adheres

around the outer surface of said hollow cylinder and whose upper end portion is electrically
- connected to the upper side of said enclosure made of conductor, and a hollow or solid
cylindrical movable electrode that is coaxial with said first and second fixed electrodes and

is attached to the upper side of the said enclosure made of conductor so that the insertion
length of said movable electrode into said hollow cylinder can be varied;

an input terminal; '

an output terminal;

two inductance elements or two capacity elements for the improvement of the

transmission characteristics connected in series between said input terminal and said output

terminal; and '
means of connecting said second fixed electrode to the connection point of said two

inductance elements or said two capacity elements electrically.

s
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metal hol |l ow cylinder whose | ower end portion is fixed to the |ower wall of
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6. A filter comprising;:

a common enclosure made of conductor;

a plurality of variable resonance capacity elements connected in series electrically and
comprising a hollow cylinder composed of a solid dielectric whose upper and lower end

portions face the upper and lower sides, respectively, of said enclosure made of conductor

a suitable distance away, a first fixed electrode composed of a metal thin layer that adheres
around the inner surface of said hollow cylinder and whose lower end portion is electrically

connected to the lower side of enclosure made of conductor, a second fixed electrode

composed of a metal thin layer that adheres around the outer surface of said hollow cylinder
and whose upper end portion is electrically connected to the upper side of said enclosure
made of conductor, and a hollow or solid cylindrical movable electrode that is coaxial with

said first and second fixed electrodes and is attached to the upper side of said enclosure made
of conductor so that the insertion length of said movable electrode into said hollow cylinder

can be varied;
an input terminal;
an output terminal;

means of connecting said second fixed electrode of the first resonance capacity element

of said plurality of resonance capacity elements to said input terminal electrically; and

means of connecting said second fixed electrode of the last resonance capacity element

of said plurality of resonance capacity elements to said output terminal electrically.

7. A resonator comprising:

an enclosure made of conductor;

a variable resonance capacity element comprising a first fixed electrode composed of a
metal hollow cylinder whose lower end portion is fixed to the lower side of said enclosure
made of conductor, a second fixed electrode composed of a metal hollow cylinder that is
provided coaxially with said first fixed electrode with a gap on the outside of said, first fixed

electrode and whose upper end portion is fixed to the upper side of said enclosure made of

conductor, and a hollow or solid cylindrical movable electrode that is coaxial with said first
and second fixed electrodes and is attached to the upper side of said enclosure made of

conductor so that the insertion length of said movable electrode into said first fixed electrode

T




-* 103 hollow cylinder that is provided coaxially with said fi
el ectrode with a gap on the outside of said first fixed electro
whose upper end portion is fixed to the upper wall of said exte
conductor, and a hollow or solid cylindrical novable el ectrode
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that is

coaxial wth said first and second fixé¥ el ectrodes and is attached to the

upper wall of said external conductor so that the insertion |en

gth of said

novabl e electrode into said first fixed el ectrode can be vari ed;

can be varied;
an input terminal;
an output terminal; and

means of connecting said second fixed electrode to said input terminal and said output

terminal electrically.

8. A resonator comprising:

an _enclosure made of conductor;

a variable resonance capacity element comprising a first fixed electrode composed of a
metal hollow cylinder whose lower end portion is fixed to the lower side of said enclosure
made of conductor, a second fixed electrode composed of a metal hollow cylinder that is
provided coaxially with said first fixed electrode with a gap on the outside of said first fixed
electrode, and whose upper end portion is fixed to the upper side of said enclosure made of

conductor, and a hollow or solid cylindrical movable electrode that is coaxial with said first -
and second fixed electrodes and is attached to the upper side of the said enclosure made of
conductor so that the insertion length of said movable electrode into said first fixed electrode

can be varied;

an input terminal,;
an output terminal;

two inductance elements or two capacity elements for the improvement of the

transmission characteristics connected in series between said input terminal and said output

terminal; and

means of connecting said second fixed electrode to the connection point of said two

inductance elements or said two capacity elements electrically.

9. A filter that has:

a common enclosure made of conductor;

a plurality of variable resonance capacity elements connected in series electrically,
provided at suitable intervals and comprising a first fixed electrode composed of a metal

hollow cylinder whose lower end portion is fixed to the lower side of said enclosure made

of conductor, a second fixed electrode composed of a metal hollow cylinder that is provided

e



an‘input termnal; an output ternminal; neans for connecting said second
fixed el ectrode of the top resonance capacity el enent of said gﬁ
resonance capacity elenents to said input termnal in a high-freC EET
fashion; and neans for connecting said §§cond fixed el ectrode of ﬂﬁbSEgsmga
resonance capacity elenent of said plurdfity of resonance capacity el enents
to said output termnal in a high-frequency fashion.

coaxially with said first fixed electrode with a gap on the outside of said first fixed electrode,

and whose upper end portion is fixed to the upper side of said enclosure made of conductor,

and a hollow or solid cylindrical movable electrode that is coaxial with said first and second

fixed electrodes and is attached to the upper side of said enclosure made of conductor so that

the insertion length of said movable electrode into said first fixed electrode can be varied;
an input terminal;

an output terminal;

means of connecting said second fixed electrode of the first resonance capacity element

of said plurality of resonance capacity elements to said input terminal electrically; and

means of connecting said second fixed electrode of the last resonance capacity element

of said plurality of resonance capacity elements to said output terminal electrically.
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ABSTRACT

A resonator consists of an enclosilre comprises conductor (1), a variable resonance
capacity element, an input terminal (5), and an output terminal (6).l The variable resonance
capacity element comprises a hollow cylinder, a fixed electrode and a hollow or solid
cylindrical movable electrode. The hollow cylinder is composed of a solid dielectric (2) fixed
at its lowér end to the lower side of the enclosure made of conductor (1) and its upper end
portion faces the upper side of the enclosure made of conductor a suitable distance away. The
fixed electrode is composed of a metal thin layer that adheres around the outer surface of
the hollow cylinder and its lower end portion is electrically connected to the lower side of
the enclosure made of conductor (1). The cylindrical movable electrode is coaxial with the
fixed electrode and is attached to the upper side of the enclosure made of conductor so that
the insertion length of the movable ele-ctrode into the hollow cylinder can be varied. The
resonator further comprises means of cofmecting the fixed electrode to the input terminal and

the output terminal electrically. - - |



