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- 1 - Radio Frequency Combi ner 5 Cross Reference to Rel ated Appllcailfﬁrjsbé/
Ref erence is nmade to patent application N 48708295 out of which the
present appllcatlon has been divided. 10 Bagkground of the Invention The
present invention is generally related to radio frequency (RF) conbiners
such as for coupling a plurality gglilﬂ: Erefifedy Q'f%!k_;!‘qie}-si ngl e ant enna,
-and‘FDre 15 particularly to a variable electrica ength tuning stub and
coupling loop interface for a ceramic transmtter conbiner. In order to
conbi ne a nGnrbh@rass e ] P¥ppli igreetl ioorf rom each transmtter
‘must be isolated fromone 20 anot her to prevent internodul ati on and
possi bl e damage to the transmtters. RF filters of the air-filled cavity
type may be utilized Rafgnengalds sada itoh patiante RRmd gt iiqraday 878295 ach
such cavity fildut ds Wried dre &a&%é}m Yapgieiddt S ls fdddh (s didansmitter
to which it is 25 connected, each RF transmtter producing a different
frequency RF signal. The outputs fromeach filter may he conbi ned and
coupl ed told c@ankymnirehef hhe dvidariticorappar at us of the type shown and
described in US patent no. 4,375,622. Each filter is coupled to this
conbi ner by 30 preC|ser equal | engt hs of coaxial cable. The conbiner is
tuned by neans of ke |gr%ﬁﬁnrstm@ﬁm§m ganardlilipradatadihe nadich

i I;rte)vv' se are CEHYRM d CQ’T‘BH]:{HetM sauapfag féoﬁ%&@llmq%muﬁa%
conbi ners are n ifficu o tune, hut also expensjve and require an
35 inordinate é’f#mﬁ%n%"f 'ﬁt'cﬁi%s Hh& ti ANty r?d}‘i/,m‘?rt i s an obj ect
of the preasntpannmuukzrly to a varlable electr1ca1 length tuning stub
W and coupling loop interface for a ceramic transmitter
combiner. '

In order to combine a number of RF transmitters, the
- RF signals from each transmitter must be isolated from one
20 another to prevent intermodulation and possible damage to
the transmitters. RF filters of the air~-filled cavity type
may be utilized to provide isolation between the RF
transmitters. Each such cavity filter is tuned to pass
only the RF signal from the transmitter to which it is
25 connected, each RF transmitter producing a different
frequency RF signal. The outputs from each filter may he
combined and coupled to a common antenna by combining
apparatus of the type shown and described in US patent .
no. 4,375,622. Each filter is coupled to this combiner by
30 precisely equal lengths of coaxial cable. The combiner is
tuned by means of manually adjustable transmission lines or
stubs, which likewise are coupled to the combiner by a
coaxial cable. However, such combiners are not only
difficult to tune, but also expensive and requlre an
35 inordinate amount of precious space.



to provide inproved conbiner tuning circuitry that produces 5 an input

| npedance that nay be varied over a range-centered about a predeterm ned
i nput i npedance. Summary of the Invention 10 According to the
present invention, there is provided RF signal conbining apparatus
accordi ng to anyAcnerdinghdepihdist anl abject, o &hd pPeséntafiniveattionhe

preferred P'Uggé QQBEPgehnXSHLEREr Eﬂﬁiﬁgng%gEﬂgtﬂﬁp@%ﬁ%”grsaﬂgégSes59‘
coupling 15~ Tnierface befween a nmicrostrip conbiner ahd two OF nore :
ceram c3f i 3R etBPULTHEPRABNESt ENPLCcBAY Rer VRYALRePVRECRUYABIRUBRNEEERACUI tTy

and a subsjkpabe &i peeibtbeniflefavhpdtainbdtahicky of mcrostrip transm ssion
| i nes and coupling circuit boards each coupling a correspondi ng ceram c

filter 20 to a junction. The tuning circuitry may include a substrate
circuit bosugimgayi o dhéi Eaveatdenand a second side, the second side having
metallic plating thereon; a tuning transm ssion |ine having an input
coupled to the junction of the 25 mcrostrip conbiner, having a .
predet 2@ ni ned | eAgehrddngpsoehenprrsents dnvengdoni thereubst pxowidedcuit

board and Rpi 89ghgi MeBAbeHiRY QPBEEQQHQVEb&%@d&ﬁ@”haahhggthPSQa“CE; a
dlelectrlciglate haV|nglgégrede erm ned dielectric constant for covering

t he tuni nglRdgRERAeaEt, S| tme3 8RE Afput inpedance of the tuning
circuitry havingria ateleaetnthedprefelrriedp etidadimehtnoitheéhdi el ectric plate

2 usti ng. LRE=akaaRy BpeuReRpiaa AbparAtus SBmedlesBlRs BEL ARG g
transni$si tnterfisceobesivgenns migresiFipncomvineroandatwot o mgrei rcuitry
over a ranggraffbCreitabai! THe RAeUSERTIpIednbiRdr FURRHARCENcInged”
tuning circuitry and a substrate circuit board having a
plurality of microstrip transmission lines and coupling
circuit boards each coupling a corresponding ceramic filter
20 to a junction. _
The tuning circuitry may include a substrate circuit
board'having a first side and a second side, the second
side having metallic plating thereon; a tuning transmission
line having an input coupled to the junction of the
25 microstrip combiner, having a predetermined length,
disposed on the first side of the substrate circuit board
and being terminated by a predetermined terminating
impedance; a dielectric plate having a predetermined .
dielectric constant for covering the tuning transmission </
30 1line, the input impedance of the tuning circuitry having a
predetermined input impedance when the dielectric plate
covers one-half of the tuning transmission line; and
apparatus for adjusting the amount by which the dielectric
plate covers the tuning transmission line to vary the input
35 impedance of said tuning circuitry over a range centered
about the predetermined input impedance.



Brief Description of the Drawi ngs 5 Figure 1 is an expl oded
perspective view of an RF filter. Aspects this filter are the subject of
parent patent application No. 8708295. Figdre 2 is is a block di-agram of
conbi ni ng apparatus according to a preferred enbodi'nent of the invention,

10 advant ageoggli ¥ fubekic#ipg iBh bifl £8kS prakisiysated in Figure 1, for
coupling RF signals fromrespective ransmtters to a conbi ner for

appT'Jrcation to a common antenna. Figure 3 is a top view of a microstrip
conbi ner aBd the RFFfiigutrer 1 lisuah axpd ddedFipgtispettile view ofFaURE 4 is a

top view of a i ng Ll i rguit .boar.d.used_in,.the mcrostrip_conbiner
illustrated i ﬁig:ég%r'e és%%%é: rg%gtﬁ’g'%a%rﬂ'gﬁe ma\’fiee\yvi‘ s?ﬁée ;%‘r(? i tpal’f(%‘?:d
illustrated i pakeptr epplizati®n3®o358708285.Figure 6 is a top view of the
mcrostrip circuit used 4 1< he Wil L ot [P s L
Figure 3 5 FiGte1 e Uel A0 Tl Heghai B8 REinY] afridale.
the microstri BEEoFSIAGr Ha By Predesd et embpdiaent pifghe dnvenkiodpl oded
view of the tHavR&talgeous1Y uvid iam%r HPUFIUIRE <! G 1IwRe rakRaTier FSlgiurl
conbiner illu tr%ted in Fl,g‘%%}?& .1 Fi gure %‘Ii":s %gb%ttom Vi ew of
the mcrostri E'c | FeRRLy Fo BT AT St R T8s §u TanfaLEGers
illustrated atoeaplcomdnerefcaf appli¥icatiidrertal @ comion ant@nnacul arly wel |
adapted for use in ﬂ%ﬂg S"M% a top view of a microstrip combiner and

the RF filter illustrated in Figure 1.

15 - - Figure 4 is a top view of a coupling loop circuit
—/ board used in the microstrip combiner illustrated in Figure
3.
Figure 5 is a bottom view of the circuit board
illustrated in Figure 4.

20
25
30

35



conbining apparatus in Figure 2 for conbining two or nore RF 1 5

- transmtters operati.ng in the frequency range from 870-896 Miz. The

nom nal unl oaded Q of filter 100 is approximately 14,000. The frequency
shift of filter 100 over the anmbient tenperature range of [err] to [err] is
a maxi mum of 55 kHz with respect to the nonminal frequency at room
tenperature. The nom nal dinmensions of filter 20 100 are 5.5" (135 nmm

di aneter and 3" (Figuren6)isi a tepotiew of thenmicruttip 6Gircgit4Boand useddlranet'é‘f

and 13" (319%yMm i&okﬁftgt&?!f'lﬂfn%h?ﬂw&ﬁédo'iﬂl F@]"Er f |3I | ed cavity filter. In

addltlonto elngE an an equiva air-filled cavity filter,
filter 180 resul t Eigurea 7naklustrates t,l&ttunmg rﬂ}mﬂltWO%SGdetO tllliaeedm val ent

air-filled Zélcﬁﬁ‘{tlgyc&h{ﬁlﬁér ﬁﬁjsthé@glﬂ q:l erg, 1, filter 100 includes a
ceram c resonatorgl ich is s en a.firstf conpensating disc
114 and second coﬁ’pﬂﬂgmg aw §Ewd Né%‘ﬁnﬁ{r\gﬁelﬁ'ﬂ‘lpg fﬂ"ﬁ\‘@& conpri sed
of a ceram cappmammdxdedvnogtmeilthleemrctrosmsdmnbmv‘r iflustrated dasFigure
thirty-six. Cormerm ally avail able ceram c conpounds such as those

i ncl udi n% -sel ected anpbunts of barjium oxi de, titanium oxide,
zi rconi 4@ oxi de, FigwreoRi ik a mwnmmomfddmnnicmsmp] combinerny be used.

For exanpl e, llﬁw&ﬁ@aenpqnl m- gorrpounds are described in U S. patent no.
3,938,064 and In rtic Jonker 5 and W, Kwestroq, entitled

"The Ternary Syst 183t¢ []erY' er?e\sr }ll‘bﬂﬁﬁtBQ@‘f &xploded yiew afban REd i n t he
Journal of Afitter chO0 Ghaanisc pasticelarly \wellnaddpted\fobaiselin the AneéndH58, at

Conpounds. L0-AabHiRg abﬁwag%@w 01 10 Eonginiig ISR of ety I TLTe
VI havi h§ t Hzansmjisers ioperating il the direquenaa gange. (fmml 876=806nMHz? 2
4.5 nol e perTﬁethﬁﬁ'Rala%ﬂ anid'fﬁkércfwocls‘:%f&aﬂm%li °14,8002Y Hife Used
for resonat Ofre};%gncy 1ft o Salter 1 CgJe?'mtl(fe “ambient temperature range of |
300 to +600C is a maximum of 55 kHz with respect to the nominal
frequency at room temperature. The nominal dimensions of filter
20 100 are 5.5" (135 mm) in diameter and 3" (73.5 mm) in length, as
compared to 6" (147 mm) in diameter and 13" (319 mm) in length
for a conventional air-filled cavity filter. In addition to being much
smaller than an equivalent air-filled cavity filter, filter 100 results
in a materials cost saving of 60% over the equivalent alr-fllled
25 cavity filter. .
' Referring to Figure 1, filter 100 includes a ceramic resonator
116 which is sandwiched between a first compensating disc 114 andu
second compensating disc 120. Resonator 116 is preferably
comprised of a ceramic compound having a dielectric constant of at
30 least thirty-six. Commercially available ceramic compounds such as
those including pre-selected amounts of barium



15 conpounds in the Jonker article may |ikew se be utilized. Conpensating
discs 114 and 120 are preferably conprised of alumna [err] since alumna
exhibits Iow dielectric |loss, high thernal cogggbtivity relative to ceramc
resonator 116 and a positive dielectric 20 te rature coefficient with
respect to that of ceram c resonator 116. According to an inportant feature

of “Tilter 100, the ative di,el ectric tenperature cqefficient of ceramc
resBnat or 116 can°538gub§9§ﬁpﬁgpl?xégﬁpeﬁéﬁFgﬁlﬁV Pfades FdAG iartde,
di el ectric tenperdanthanuef bixidentand/ocal tinna@xidepmayabenmsdidscs Fokd and .

120. That is, the_s m L.er iel I3 r oef ficl.ent, of

ceram c resonator ef%@pggrﬁ %gls%]ﬁggtear?t Ia ﬁ%%?@?ﬁ‘%% t%'ﬁre% %féfgﬁ%%d[ Cea'rnr }y}‘f‘s.
di el ectric tenper RR&LBLcBERf BeiP38t 061 lalﬁlé 3¢ @nydntdcdenpansat ithg dinksr 114
and 120. As isskngwd Wl KhaRstiroo,! katditdledCivrne q@gy@fytgygggﬁgficient of
a dielectric mategial Ji.s proportiaonal to.the physical size. Therefore, the
desi red .conpensat %Bﬁ'i'r&%éiéﬁ'rng\k&n%y%é&'&&oﬂﬁ r[“%z "t M“ij*é&q)fm( he al um na
conpensati ng di sc£habJbidnald o2 Ameriidan CelyamicliSelcd@ityi,c Volgxas f1r €
coefficient is su | lal Yy | i —2aa0 | ' | gn
to the dielectri cgtaé%%gr g’todrggciggéﬁggﬁt'n%f@ tea o%a?%ﬁo £Pé p@g’?egol%earl,na?%%
al um na conpensat heFedinsdy refexencertheretsll.y Qo thee Jeramimigorpounds

termerg_t ure cgwea&?eﬂ%eé itend %;bdﬁéy'lgzgcqa@m&g@ lHdinplfd\ﬁ'ﬁ% gue tf) RF
pover dissi pat onSLaera ol SR Wy Hbue S Ao eyl
and 128 of the fi mbde pexsiend, Ba0d MMinimde (pempesrtalTi oy dmb st & ndise
filter by 10 supP@etricagt! 50,6 MR HAvithtd £ ld AP &Sl BF | flkey
o may be used for resonator 116. Many of the other ceramic
- 15 compounds in the Jonker article may likewise be utilized.
.Compensating discs 114 and 120 are preferably comprised
of alumina (Al303) since alumina exhibits low
dielectric loss, high thermal conductivity relative to
ceramic resonator 116 and a positive dielectric
20 temperature coefficient with respect to that of ceramic
resonator 116. _

According to an impbrtant feature of filter 100, the
negative dielectric temperature coefficient of ceram}c
resonator 116 can be substantially compensated by the

25 positive dielectric temperature coefficient of alumina
— compensating discs 114 and 120. That is, the =36 ppm/°C
dielectric temperature coefficient of the ceramic
' resonator 116 can be substantially offset by the +113
ppm/©C dielectric temperature coefficient of the
30 alumina compensating discs 114 and 120. As is known in
' the art, the dielectric temperature coefficient of a
dielectric material is proportional to the physical size.
Therefore, the desired compensation is achieved by
selecting the thickness of the alumina compensating discs
15 114 and 120 so that their dielectric temperature
coefficient is substantially the same in magnitude but



al umi num covers 112 and 128. Since al um na conducts heat nuch better than
air, alumna discs 114 and 120 efficiently conduct heat fromresonator 116
.to covers 112 and 128 and housing 124, therggy mnimzing the 15
tenperature rise in resonator 116. A conpre®sie force exerted by springs
144-147 of shield plate 142 mai ntains good thermal contact between the
resonator 116 and covyers,112 and 128 such that the thermal resistance

between resonat SPPPE4TENdN: SiaRs tP1 Fhgn Flelects i Sempeaatiume ] / W 20 (i . R
[err]/VVpred'Ctedebyidéangn°3”&b$3makofThﬂmefore accordlng to anot her

feature of filter 1QQ. . Ri.4lk p%r a LS | %pe&c%a be gﬁ‘?nfuter 100

since the tenperature rise due to pPOWer i
resonator 116 iBOHi ﬁPWzEE‘OU}dﬁhéqrelamimw t,’gs\plemutttirer mmpreefaas:tmme

bet ween cor 281 cba€sa18b0n1A1R1BN e el J10ld AECRLCRE THEAN] 128

For exanpl e, mn ener d|$$| ated I n ter 100,

the tenperature 6?53§P§ﬁ?8 F’és&ﬁgla&iclfﬁ atax; éé%mpmigéage aqrlsivent
t enper at ur e andthbem&leqesds;autes&ethem'dHi&de|re%bh&&o%paugﬂdﬂafﬂﬂé

8kHz d to RF dj t K t e housin
for f11ter 100 EOB) SHa bBELRR CBYerds1iz dHd 1985 el chled il s piia 10ap "0
whi ch are prefe?&él91§a§ﬁzﬁr§hﬁapﬁﬁrﬁd%l£E1d@s@e@f the ﬁi&&@ramunlnum

al 1 oy). Topocowgppdilinge ltnées-e%oha&oliatu@%ﬁa@rt 2o Thel 1GURAGRM IR NG

133 preferably ss 1S [Bess fit cover

0
i ncl udes a recegﬁgﬂlngptFSHefﬁr 8shi ﬁﬁﬁﬁ Lna qgﬁd&Qfﬁﬂhﬁﬁ?
142 incl udes t hmaght hbstemthaalaé.m'd ad2mima mssds Qlsnand 320114.

Li kew se, bottogygg&ggnggg §°ha&%%d%§?he £ s%% A% z%r Q%FI %%&_SQf?

plate 148 and a Rortlon 0 I SC step
128 and housing 124, thereby mlnimlzlng the

15 temperature rise in resonator 116. A compressive force
exerted by springs 144-147 of shield plate 142 maintains
good thermal contact between the resonator 116 and covers
112 and 128, such that the thermal resistance between
resonator 116 and covers 112 and 128 is less than 1°¢c/w

20 (i.e. 0.689C/W predicted by design analysis).

Therefore, according to another feature of filter 100,
high power transmitters can be coupled to filter 100
since the temperature rise due to power diSSLpatlon in
the ceramic resonator 116 is minimized by the relatively

25 low thermal resistance between ceramic resonator 116 and _
the top and bottom covers 112 and 128. For ekample, with\/
twelve watts of RF energy dissipated in the filter 100,
the temperature of ceramic resonator 116 will rise only
89C above ambient temperature and the frequency of

30 filter 100 will drift approximately 8kHz due to RF energy
dissipation. _

Referring back to Figure 1, the housing for filter
100 includes top cover 112, housing 124 ‘and bottom cover
128 which are preferably cast from aluminum alloy (eg.,

35 #380 aluminum alloy). Top cover 112 includes a top hat

132 into which a threaded bushing 133 preferably



120 inserts into the hole in resonator 116. Tabs 160, 161 and 162 of shield
plate 142, raised step 121 of disc 120 and recessed area of bottom cover
1,28 mai ntain 10 resonat or 116 in proper spatial_relationship with discs 114
and 120. Top cover 112 is attached to housi™fg 124 by neans of four screws .
which insert into four holes, e.g. 107 and 108 at the periphery of cover

11Z7and housing lfhpAkda rd b kel pifé)\ﬁ:ﬂ&bﬁs 2 I stnee @dr and arlfso15
|nﬁ?%gnated or coat d wi th conductiyve teri

an el.ectro
bet ween top covert 48 hRRGETRFeD L0 ﬁé%\?é’r cefy; qgsr%’geef%‘éi %} tast
with housing 124,14aut iShmMrp]aﬂmdlmmm:hfdés Itha:ree&(i&bd)dtaa)mlcﬁivandlZB

may be. separate fr by t

screws. In order %np%%e ﬁ%%%%“?%@t hgﬁhoum ng of RF |It‘;e&rrs lazrs'e
typi cal |y mades f rigmloides & e@qgﬁet%rafr%tfe%drecﬁéﬁr%sswﬁlﬁ Pt 4A8
COHdUCt l ve materiaid digo ﬁ@icﬁm&erdidierlztﬁ.t aifesl Fdildedy staep gmr rd Hrdiega on,

refer to the fo Iomr artrcl S of I ] ctric
Resonat ors inIn fpﬂe%ef% :L%Er{gﬁog' 113? CPJ@P&%@
| EEE Transacti onsl&n a\nd:rm\mf mlyd i e ckAR .qmsi,samlajma ML E ResC 4,

pp. 323- 326, Aprli,Fgl ' s %B%@@@éﬁ Eddé;erﬁzscqrmwum 30
H gh-Q Di el ectri c Resonators y eynour

B. , %F Transaclroqf
M crowave Theb®y ZRRPMa%omi Hiesin \RFIRRE I\ﬁlﬂa"i%al I\Bel WEhin Fy ﬁﬁ? I
1968. Al though alimd ramd i 52010t BSp guoven rmdimtatmmmmmmmsmmn iby

FiTter 00 nous MATE RS "Sabd MeSMR Tinigl Lhfert BIeS FagF abed) Y O
al | oy Hoveverl0Hrnd ol 0wt tomdperinhery oof AFRVRFRUH 2 3R RRRF HW part s
112\/124 and 128 {4 §si PRk CoSPIRg 0156 NSrovides a moisture seal and, if
' 15 impregnated or coated with conductive material, an
electromagnetic seal between top cover 112 and housing
124. Bottom cover 128 is preferably cast with housing
124, but in other embodiments of filter 100, bottom cover
128 may be separate from housing 124 and attached thereto
20 by means of screws.
In order to produce a high-Q filter, the housing of
RF filters are typically made from or plated on their
internal surfaces with a highly conductive material such
as copper. For detailed filter design information, refer
25 +to the following two articles: "Design of Cylindrical
W, : Dielectric Resonators in Inhomogeneous Media," by Rene R.
Bonetti and Ali E. Atia, IEEE Transactions on Microwave
Theory and Techniques, Volume MTT-29, No. 4, pp. 323-326,
April 1981; and "Microwave Bandpass Filters Containing
30 High-Q Dielectric Resonators," by-Seymour B. Cohn, IEEE
- pransactions on Microwave Theory and Techniques, Volume
MTT-16, No. 4, pPP. 218-227, April 1968. Although
aluminun is not as good a conductor as copper, aluminunm
is castable and less expensive than copper. In the
35 preferred embodiment of filter 100, housing parts 112,
124 and 128 are comprised of #330 aluminum alloy.



external field of the resonator 116, thereby |lowering the Q of filter 100
by as much as nine percent (9%. 5 According to another feature of

~ filter 100, lowering of the Qof filter 10@ due to the al um num housi ng
parts 112, 124 and 128 is substantially avOided by utilizing a highly
conductive shield plate 142 between disc 114 and top cover 112 and anot her
hi ghly conduct newevierg! duel woelb@m&d@ﬂumv;cﬁﬁ@ﬂmmwwt twy@ cover

128. A third hi hI cond t| Shl I Q on the to
surface of tunlh% %‘5‘% f%%‘ l% pI a %fléqsfﬁstp A s%ﬂ?o anq:& %f er abl yIO
conprised of c@m&arn(aé-l If\iarldomfgm mmmrsmhﬁabltéyen@yprmaﬁ-nméthe :
desied | v | 0g5 o> il Slool by @6 Gl o9 dlithelpdrbarkonsyyf ace of

tuning core_11 the top ,surfacé of disc 114, and the bottom’surface of
di sc 120, réspect i \?’@I";Pr%liﬁgot ANOHRGH rf&?tté‘reslﬂfelfd']ﬁ%’t 9013 0wering g
148 coul d be cefstthec Qe@d£offid taen 100N dus do ami [ L chun m\m:imgerpaﬁué ver

or- gold, all f 1,C 0 8 0 :
t he conducti vi 1(:1}3& %348%‘“?\&%%1}% %qﬂ%%tea\‘ﬁti 1< ?‘g"l%rzl"&teclzkgp%f g.‘%ﬂl tes _
140, 142 and 1&dghiyusonguskive §mel Plave ws@m&décf rldrﬂ\ anghi num
or other |ow ceRglcover 117hdd anhothed' hilgh wdam%r&iwfsmea% QARET

t han copper, or p Iat na a ut d f,filt
100. Theré'looré“‘%f% (éqﬂsf’ ﬁ‘g ﬁ‘@e}%’t‘ﬁ g‘ﬁ%‘?e Isameer
time having a Mgﬂlwveﬂcpdmcgtivg sBdeicr psi.laltzd d.qﬂ aiiseam ai:sapqsad waes
three tabs 1604n30 bl 2}-@2 IR euIN cgﬁamg.ﬁ SC shibig yafeerst elo,

I ncl udes ralse portlons 146 for pro spr force
when cover 112 14%d 3sudiddy afﬂpéﬁefmlwp l%qﬂﬁfrp "Pfg"rl@
and 128 totall y;oe.larslamaeams@ sarichsibde)d tbemﬁaeamaatdysim Aov-Joss

conpr ess rgésfg)a@lr gﬂ%hja‘“&xt%ﬁgallﬁeﬁ’&j e i ufed B QG 2

spring for it ai i n
core 118, the top surface of disc 114, and the bottom

surface of disc 120, respectively. In other embodiments,
shield plates 140, 142 and 148 could be constructed of a
non-conductor and plated with copper, silver or gold, all .

20 ' of which have a conductivity greater than 1.3 X 107 |
mho/m, the conductivity of #380 aluminum alloy. By
utilizing copper shield plates 140, 142 and 148, housing
parts 112, 124 and 128 may be made from aluminum or other
low conductivity metallic materials which are much -

25 cheaper than copper or copper plated materials without
degrading the Q of filter 100. Therefore, filter 100 is (;)
relatively inexpensive while at the same time having a
relatively high-Q.

Copper shield plate 142 also includes three tabs 160,

30 161 and 162 for positioning disc. 114, and further
includes raised portions 144, 145, 146 and 147 for
producing a spring force when cover 112 and housing 124

~are aSSembled. Thus, housing parts 112, 124 and 128
totally enclose the sandwiched ceramic resonator 116 and

35 compress raised portions 144, 145, 146 and 147 of plate
142 to produce a spring force for maintaining the spatial



rel ati onship between ceramc resonator 116 and al um na conpensating di scs
114 and 120. Moreover, raised portions 144, 145, 146 and 147 of copper
shield plate 142 are nade | arge enough to conduct heat fromdisc 114 to 5
top cover 112 for minimzing tenperature ri seX®f -resonator 116 due to power
di ssipation. In other enbodi ments, ceranic resbnator 116 and al um na
coﬁﬁensatlng di scs 114 .and 120 may be nmaintajned in spatial relationship

wi tT7 one anot her e Wﬁméﬁ%%’bg&ﬁml%’ﬁﬁ%%mlf at® aRhedivRindch
as glass frit or bﬁiﬂdd‘rﬁsaftt:l dTitm:gesmaerﬁdfrmuenwravswambse@sonat or

16 Ty bo a0 vt el W Mena bl v el i oo S Loae i sripln
%1|6 decr ea;s}esI 15 ][ama mgadn)rleangﬁ enpougis ¢ e@bmdu@mmdmlcﬂysgohb@ntw C
oles in shie pgﬁéa ﬁggg t t regerred
enbodi nent, disc c#oze{ge%gjf | n&#l %ﬁfﬂ{?o'?é? uni n%d%%r]gfsleiB‘gél nce
tuning core 118 n&BPAAtIR LkP IR IR PIYRD HSILRIHLOR. o HROEReEChi eve
the desired tuni ngznwwﬁnedﬁbpt&waﬁ&)%bMSordlss drd anymihso have a

hol e concentric with the hole r Junk ng. core
118 i s preferabl y%?ﬂppﬂ%ge}oiﬁ éa"? S cepgﬁ%g taéeér) %:ﬂr@ta:. Q& 9nfor
exanpl e, the 25 smmhm@mmslﬂp uskih fone r%@%brby[l@n%mnﬁh%%re

118 not only of@NG&sydetfer QPN U BUISIS Vadiiel i vé SEush | & Ngl£6s SPFEL or
spurious resonant nndeg §é¥ keepi ng the overal | housing di mensions constant
as the frequency P16 is tuned), mnimzes resonator de-Qing
30 (because it enpl oy<iee |resdmast cErequencyt ef i céranbodresonaktodi 316 nay

Toidng bot o LU Spact, L4 hSeRRa1 Sty YRLeL! Soarisac
_ dielectric tuning core 118 attach d theretg
15 resonant frequency of resonator 116 decreases as tuning
core 118 is inserted into substantially concentric holes
in shield plate I42, disc 114 and resonator 116. In the
preferred embodiment, disc 120 does not include a hole
for tuning core 118 since tuning core 118 need not be
.20 inserted into disc 120 in order to achieve the desired
tuning range. In other embodiments, disc 120 may also
have a hole concentric with the holes in disc 114 and
resonator 1l16. Tuning core 118 is preferably comprised
of a low-loss ceramic material, such as, for ekamplé, the
' 25 same ceramic material used for resonator 116. Tuning
K_/ core 118 not only changes the rescnant frequency, but
also eliminates some spurious resonant modes (by keeping
the overall housing dimensions constant as the frequency
of resonator 116 is tuned), minimizes resonator de-Q-ing
30 (because it employs a lqw-loss'céramic_material),'and
allows discs 114 and 120 to be in gooed thermal contact
with resonator 116 over its entire top and bottom
surfaces. Although resonator 116 is preferably tuned by
means of tuning core 118, other suitable conventional
35 tuning apparatus may also be utilized. '



means of tuning core 118, other suitable conventional 35 tuning apparatus
may al so be utilized. Tuning shaft 102 is threaded and mates with a
correspondi ngly threaded brass bushing 133, which is press fit into top hat ;
132-of top cover 112. The position oftﬁmighaft 102 may be fixedly held by
5 tightening nut 104 and washer 106. Tuning shaft 102, housing 124 and
covers 112 and 128 are prefera isegsa aalumnum Since alum num i3

d

GO
non-ferrous, tunihgniRdsehasgs lﬂéu%?n 22 agyBptes 1 ¥ithiai2g g
experience Iecsrfbdpgnddagmynthheadeﬂbheabedbueh&ngemeal vhiehgdeti c fiel ds

I f conprised ugi t n e 0 ous terials.
Tuni ng shaft §%§§L g% ghgg gg§1§g@b&§% QE %8& EQ@ gégtln I scs 114 and
116 and housi pgsphicn ofothershafit 193 nay thdikedéwnbﬁﬂgebef

pre-sel ectgd ?%éﬁ?éﬁhﬁ 1ﬁu€aib4h§hanﬂa§hh&eﬁ9%t CQ@B&h&'%BE%tOBOQXPa”S'O”

for conpensat es In e resonant reirgU(E,‘l’lC resonator 116

with anbi ent RERBARG: 4e4. gPQrCQY&ﬁﬁlélztﬁEdn&@é Re BFeF&ﬁPPéYbore 118 over
anmbi ent tenpeéaﬁpfﬁseaapfbalpa&hualIysdnepea&ahﬂduhy1buabnnge$&8u30d t he

Pghggﬁa?Lrgocﬁtﬁ ga%h%gg gB Bgégéﬁéy&%ﬁ 85??%V§%§e& % gﬁ Ié efficient
~of expansion gnpanéancanaeSEeQréss&eﬂa&é°§|ﬂbsnoﬁubds§Neﬂgt933xte:mndng

shaft 10210t Oiaaeﬂ&tléZfaaidbualfn&oag&sséa%f AuhinuhaRaeRRY thahn
conpensate for pmi[err] of the frequency

t enper at ur e cﬁEFF&cPEnngﬁrf%FFEPungat?ﬁéaAPnenS|ons of the various
el ements of an enfudingnshafkt a02l0&uhdngoperat 148 ,abushdageldizgs bet ween

805 902 Wz atgmbbikedifg! ¥etd T34 Snb 116" bl BoRiBRP LIS a2, "2e

resonator 116 an unin
and 128 may also be comprised of pre-selected materials

15 each having different coefficients of expansion for
compensating for changes in the resonant frequency of
resonator 116 with ambient tempereture. For example, the
movement of tuning core 118 over ambient temperatures may
be partially compensated by bushing 133 and the height of

20 top hat 132 of top cover 1l2. That is, the desired
temperature compensation is achieved by the difference in
the coefficient of expansion between, and the respective
sizes of, bushing 133; tuning shaft 102, top hat 132 and
tuning core 118. This arrangement can compensate for a

25 worst case change of 1.1 ppm/°C of the frequency o
temperature coefficient of filter 100. ' o/

The dimensions of the various elements of an
embodiment filter 100 for operation at frequencies
between 865-902 MHz are listed below in Table I. In this

30 embodiment, the resonetof 116 and tuning core 118 are
comprised of the ceramic compound, discs 114 and 120 of
alumina, bushing 133 of brass, tuning shaft 102 of
aluminum and the housing parts 112, 124 and 128 of #380
aluminum alloy. The exact dimensions of the elements of

35 an embodiment of filter 100 will vary depending on the
desired tfequency of operation and the materials chosen
for each of the elements.
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conprised of the ceram c conpound, discs 114 and 120 of al um na, bushing
133 of brass, tuyning shaft 102 of alum num and the housing parts 112 , 124
and 128 of #380 alum num alloy. The exact dinmensions of the elenments of 35
an enbodi ment of filter 100 will vary depending on the desired frequency of

operation and the materials chosen for each of the el enents. Tabl e |
Fi[ter D nensions In Inches (m I I | rretre val ues in brackets) 5 Quter
| nnet El enment _ g SO
Resonator 116 2.68 (66) 11 2% ) v (19) 1 0 Disc
es 2. 80, (69) 1026 (3 Smx 1met§e al(u%% 11)1 bracl&tZ) 120 > 80
(69) - 1.13 (27.7) Core : 118 1.20 (29)

( 1.37 (34) Shaft Quter 102 0. 38 n(ex 3)
2 30 (56) Housi 124 13 0 (1 74) 1
5 Top Cover ETM 5. 62 (138) it I50 (37@&(‘&0 90 (2%%‘1(!{
Cﬂ/er 128 5.62 (138) - Referrl ng next to Figure 2, there is
illustrated an% i nin ppar coupl iqn ansmit
201- 205 haV| ng %ciﬁggte)r entglsslignal 51 I’ICI es ta %Rgm‘z)n ant etr(l)ﬁZ?Z%w) '
Filters 2110 2Disare preferabld i I%&Qs( Conbil ngﬁ k) i s preflet4b 58)[ he

crostLp conBiger, 300 shonpon Fm0o(8) By utilising the ot ik an
e Siz Space requirenments o

combi ni ng appa s in Fi gurLﬁZ car} 2@ E?%)m ficant’l y reduced. 25 §§| rQ%)

space is at _g Shaftum in rent@2l y |38t @3dntenna-sites, a substa’bBOal(Sﬁ))st

savi ngs can be d.sed by u I Si h ter 1 R i ng nex

. Hfing {34! M6hN188) L e %Osgogi%% g 874)

Fi ure 3, theré ustrated a to mcr

comb’ner 309 efopd@onert he pkbdent 5p63e|613§)1 The 180 €30kr 112 c99Q| (22}
100 is renovedBditd" €over 128  5.62 (138) -

Referring next to Figure 2, there is illustrated antenna
combining apparatus for coupling RF transmitters 201-205 having
20 different signal frequencies to a common antenna 231. Filters 211-
215 are preferably filters 100. Combiner 221 is preferably the _
microstrip combiner 300 shown in Figure 3. By utilising the RF filter
100 for filters 211-215, the overall size and space requirements of
the combining apparatus in Figure 2 can be significantly reduced.
25 Since space is at a premium in remotely located antenna sites, &
substantial cost savings can be realised by utilising the filter 100.
U Referring next to Figure 3, there is illustrated a top view of
filter 100 and microstrip combiner 300 embodying the present
invention. The top cover 112 of filter 100 is removed to more
30 clearly show coupling loops 122 and 311. Two screws insert into
holes 139 for mounting each of the five filters 100 to a suitable
mounting panel. Four screws insert into holes 139 for mounting
each of the five filters 100 to a suitable mounting panel. Four
screws insert into holes 108 for mounting top cover 112 to housing
35 124,
RF signals are coupled to fllter 100 in Figure 3 by means of
couphng loop 122 of connector 136 and coupling loop 311 on circuit
board 301. In the preferred



30 clearly show coupling |loops 122 and 311. Two screws insert into holes
139 for nmounting each of the five filters 100 to a suitable nounting panel.
* Four screws insert into holes 139 for nognﬁhgg each of the five fi'lters 100 ,
"to a suitable nounting panel. Four screws imfsert into holes 108 for '
mounting top cover 112 to housing 35 124. RF signals are coupled to

filter 100 in Ruiyd QP! i nd--..
coupling loop 311 (ﬁ.m%n%’ﬁafggfgr 3101 ’ <%?flé[]’he %g%‘%e}‘gr e]?w%eﬁmc;{)]alﬂ%%n ot

filter 100, coufSahpd SuRstans BiA Fhe 5508 RlansaAsiihalIsnter ok
sane plane as escratoy 1af6 rarbratedikkosudl 4 eaghrqiettaly amgodxi natel y.

[err] with res t In Figure 3...Since t exact

| ocation of co%%%n%s%%q%% img{ena%oc%r}%?céa%]- i%&gbeﬁﬁt%‘%‘%ﬁ %s‘i I tr%rncﬁ)o,
coupling | odp khe exact dedatian afcaplingilapn 2R atimmets deithieal

| ocation in th 'd?&% t f S I , £8P g g
| oop 122 and C(;tlj.gl i%ﬁit%r;%lp%l%:iﬁfi%q%?ﬁé}i%:%%%%\% d Bé‘
undesirabl e di &2 ) [ ' RARIS ®ate
circuit Boarg Cpg.gr(eseff e(admao dirmﬂxlc;_@ ,ré&ﬂ_r&dt&dlﬂlm‘.[m,g a¥ Loyl ds eogPLing gg
circuit boards - e d re AN out put, connect or
(see Figure 9) Hofjpséoz?f’era}cfl‘g‘fpgﬁﬁlﬁb%% g’rfgfaé%b%@%*%l%ﬁ%ﬁe%toe 10
and ext enddQuttofavdid undesirabldg dixest eAuPpIind20. Board 301 is

preferably conpri sesbuireri RIEHR IEifBtErd A nSid D! Sub X rdL e OBE&u e
transm ssion lines. In the preferred enbodi nent of conbi per 300, subsirate
circuit board PRRTSH IX0 c‘cﬁ%.ias]tﬁf 1gTRi S RREAY iDRPIIRT 120 RRA (Eive
301- 305 are at texsipdding dioresiily 32rds t302-303 e(sedtabyo Fiquses o deed

bet ween coupl | 1y | 00f TR LAnéb O SER ORE e U B2 ed®

sol dered betweer ‘coupl i
15 to the center of substrate circuit board 310 and extends

out of the underside of metal housing 320. Board 301 is
preferably comprised of a dielectric material suitable
for microstrip transmission lines. In the preferred
embodiment of combiner 300, substrate circuit board 310

20 is comprised of alumina. Coupling circuit boards 301-305
are attached to housing 320 with a screw. Strap 314 is
soldered between coupling loop 312 and the grbund on
board 310, and strap 313 is soldered between coupling
loop 312 and a corresponding microstrip line on board

25 310. sSimilar straps are used to couple boards 301, 303,
304 and 305 to board 310. Housing 320 is attached by twog;)
screws to platform 154 on each filter 100. Once attached
to each of five filters 100, housing 320 is enclosed by
attaching a metal top plate 330 with screws (see Figure

30 8). -

Each coupling circuit board 301-305 inserts into
corresponding apertures 152 in the housing 124 of filter
100, and are each moisture sealed by a rubber boot, e.qg.
340. A transmitter signal from a transmitter, e.g. 201

35



| oop 312 and a corresponding mcrostrip line on board 25 310. Sim |l ar
straps are used.,to couple boards 301, 303, 304 and 305 to board 310.
Housing 320'is attached by two screws to platform 154 on each filter 100.
-Once attached to each of five filters 100, ha@i+g 320 is enclosed by
attaching a netal top plate 330 with screws (see Figure 30 8). Each
cogpling circuit board 301-305 inserts into corresponding apertures 152 in
t he~housi ng 124 olsfappiiedobe gannarsoradf6ndndt gPuPied Ea besanatpreils

ooplied To somecsy S86PLLAGT180ENE52L1 0FhE ELASEFLL Erandndcrdl signal 18
upl i.n 00 .

Tt ered rroraskecegathy SOUBL hat DobBashy' Bh FirRELEoRRE 1 I8k o r car i
board 301. M crosHicpostripi tiycadtbgaod Béa@rdoshonesmbhneki the5five
transmtter sign I 230 0 t e '

9). Referring %ei#é?ggﬂ}ggggsEggggggggﬁ?hg%gaﬁggiFﬁggt?gtéggF%Ennghgg%grl
coupling circuit B0ar §se81FagBTeoBpri ng | cop 301. Coupling | oop 311 is
getaglggllo pLating,RafeEe&ﬁ?!geﬁeg$ggrm§aﬁbag4 aath¢dtaFr&Uﬁéace of

oar , prefera andom f.i ber Wi, a_nonina iel.ectric.c tan
ot 001 P hoary” aor LEatsERARRE, tholkpa. ArsAsbocBPBIaRG, FaFelst Bhagac by, Al
whi ch inserts intocouplkéng020080303.30Ccoupiingndoapf Billyishmetadddstrip 15
transm ssi on kpxhe oupkh.i ' . kN
Houro o oni $onopiRbinge: BrellraBp SbbpdRdplatifly, Pedl (he ép slvdchior
pl ated. Portion 5B9aFs éﬁﬁosPFéfFGaP#VtﬁaBﬁﬁPﬁ¢§PG§tPFﬁEtW&ﬁgnPSEPBa Ritne
411 and ground padiéleécttliat consthher efi 2.1Q plBaardg3on 16 alttakhkdoro

sur(epe of board gg&sggeanbeo%oc%%ERhggg35%0%y a screw which inserts into
. hole 402. Board 301 contains a fifty-ohm microstrip
15 transmission line 411, coupling loop 311 and ground pad
' 413. As shown in Figure 5, only portion 502 of the
bottom surface of boafd 301 is copper plated. Portion
502 is opposite to fifty-ohm microstrip transmission line
411 and ground pad 413. That is, there is no plating on
20 the bottom surface of board 301 opposite to coupling loop
- 311, )

Referring next to Figure 6, there is illustrated in
more detail substrate circuit board 310. Board 310 is
copper-plated on its bottom side and includes five

. 25 fifty-ohm microstrip transmission lines 601-605 of equal
— ' length on its top side for coupling corresponding
filtered transmitter signals to junction 620. Junction
620 has a hole in its center for accepting the center
conductor of the output connector 902 (see Figure 9).
30 Board 310 also includes serpentiné transmission line 610
for tuning junction 620.

Reférfinq next to Figure 7, there is illustrated
unique variable reactance tuning circuitry of the present
invention including serpentine transmission line 610 and

35 dielectric tuning plate 630 for tuning microstrip-
combiner 300 in Figure 3. Line 610 is a short-circuited



311. Referring next to Figure 6, there is illustrated in nore detai
substrate circuit board 310. Board 310 is copper-plated on its bottom side
and includes five 25 fifty-ohmmcrostrip transm ssion |ines 601-805 of
equal length on its top side for couplingjgorresponding filtered
transmtter signals to junction 620. Junction 620 has a hole in its center
for accepting the center conductor of the output connector 902 (see Figure:

9). 30 Boar dtrﬁﬂ@ma.tsaonl hnbudéslestgthem/he Haviwg ninfinie iripwe 6ddrthpse t uni Ny’
Lariable ?igcé‘gﬁf Baje, §F € Sipisfodt Jetatn, 1. I o by Al GAE fiifEng
serpenti de tP. n63@| oLmenélelmaambeseouﬁgnmﬂ rinc at smrpegtmleapattﬁﬁﬂ dsor
T mgﬁgﬁgﬁsﬁ%ﬁ&”?ﬁﬁﬁo | en§ w’f ?!E‘::ﬁ"q‘nea‘ﬁ’lq"h £ m‘éggéf?f; e
tuning 5. \Sfﬁitﬁn§391atfbla16§f)6 Povite ta@: Qﬁi]fdd&h:éeg“fﬁ%sé ?@éc&ﬁﬁéé e lrlgeer n as

illustrated or YeSi P st rai ht Q er, suitab ctated
by a pr oposeﬁaggg frcf’é?lﬂﬁ'{cﬁ’é/ edP. mbﬁgr ¥1 ‘Bﬂ&"!gjrﬁ’slﬂbé) pqﬁe 630
provi deldh irelativedte hhesél@,eacg.afrom [pogithen \Blrnoepommm (hducti ve to
capacitive sinply Hleb V, from
position B to@gp [ oﬁﬂgﬁghe u ﬂ ?&&a@caoltﬁhmeéd 5#1@313{ Bﬁl %Q%]i- I‘CUI try in
Figure 7 pr cREHERIS, AN, HBB\“ |1¥F}Rf§|§ —-J?(X w the alyeofe thy input
i nput react afaRtahdes X/aisl eahbd vaaenig f;il@te6390r ?élﬂhwetd quie' moﬁlOth he
anount of vari atlgn%tﬁ ’r?gl féea. ance sée.rm ned KE‘E ':'il _
|l ength of |i#H2OBR Jariation é? el ?.@PBBrFSPm“ch Jsi Agtegmined cby the
| ncreasilidg elenigeh ofhdinee r6ih anid therediélertric comstdne!ofc tuningc platea6300f
plate 630 I np{£336Rg" BfinkF Ak Ifth!BF "Ené 6HF & Ihd' §R1¢&GH condfant of
plate 630 increases the reactance tuning range and vice versa. The
center of the reactance tuning range is determined by the
impedance te_rminating line 610 and the length of line 610. In
20 general, the input impedance Z] may be calculated by the equation:

Zt1/Zg + jtanpL
1 + (Z1/Z0) jtanpL

(1) ZI=ZO[ ] ., where:

25 BL = 2x(f/c) (L1Ven +L2 «l €r2); |
f is frequency; | U
c is the speed of light;
Zo is the characteristic 1mpedance of line 630;
ZT is the impedance terminating line 630;

30 Line 630 has a physical length of L-= L1+L2; and er] and er2
are the effective dielectric constants of the covered and
uncovered portions Lj and L2, respectively.



center of the reactance tuning range is determ ned by the inpedance
termnating ling 610 and the length of line 610. In 20 general, the input
ismpedance [érr] may be cal culated by the equation: [ERR] [ERR] f is
frequency; c is the speed of light; [err]_ipsthe characteristic inpedance
~of 1ine 630; [err] is the inpedance termnating line 630; 3 0 Li ne
630 has a physical length of L = [err]+[err]; and [err] and [err] are the
- ef f¥¢tive d| el ectriln chestpaefesred ¢mbodimenedofintheunmigee edagiablé aeacfarce]

and [err], Stﬂ?lgtté% @Wultr){ in ?gurel 9. t{ﬁ%xﬁg e{rgﬁ&ﬂﬁjss%;ﬁ’oﬁhg'a@fooif the
v |

uni que varlable uni nNg tPansni ssi on
line 610 i8 5 tefmmﬁabﬁdab%h s‘HEfr“clt’cl PClZT =i 0.e. When: termipatad b3y i nat ed

by a short ci rgigrt, cx&&ﬁ:ahﬁaeaWW@acmr fbhethbnimsutl ippdange: 22 of Khde
610 reduces to, [ERR] The center of the reactance tun| ng range (i.e. when

plate 630 10 rECOHGEShEMF of line 610 or [err] = [err] = L/2) can be
chosen as desi{29d 2y &ﬂﬂtaﬁ@ﬂc)l fic application of the uni que vari abl e

Conbi ner 300t pe_ cLRE Pt (ol tHe Babiarc¥ éﬁﬁ@&%iﬁﬁ%o@%n “FReH. Rt 90
react ancel §o t¢nrners hené-hglft Ofelmdﬂfbox bl TH2 indul2) Ican bepelieseneayl nay
be shifted betaﬁs‘ifgcﬁm%w enri-,g iENaptidon °8F ! 30%51%%%155180%4&@%

react ance has no ect on op |ner s tuned

by shifting tHaNRGUEIrERIEY alﬁc &iguzer dm i Ker rﬁhFePF"ofeﬁﬁSiréé% MERuRt s of

capacitive or ¢cmkbﬁierv600§al<hbaa§ﬁtetr00ﬁ0theeyeadtﬂ@c@ler&n edw@enbhown to be
char acteristics

mg/ance [ er rinfpite ﬁgaﬁ%nﬁﬁesﬂ’/a&ﬁagb{hgc Féﬁé&mﬁagéhfqgﬁl gp%gaﬁ’@u F?PV ;[ EeF: Sﬁlrjte
shif1&d oimpedance Z] may be shifted between capacmve and inductive
reactances. Since infinite reactance has no effect on operation of
combiner 300, combiner 300 is tuned by shifting the input reactance
X from infinite to increasing amounts of -capacitive or inductive
reactance to achieve the desired combiner characteristics. For any
20 specific terminating impedance ZT, the input impedance ZJ of the
unique variable reactance tuning circ':uitry. in Figure 7 is shifted over
a range given by equation (1) above and centered about the
predetermined input impedance produced when plate 630 covers
one-half of tuning transmission line 610 (i.e. L = L2 = L/2).
25 When used in conjunction with combiner 300, the unique”
~ tuning circuitry 610 and 630 in Figure 7 provides variable
U compensation for the reactance associated with the microstrip
discontinuity at the junction 620 of five microstrip transmission
lines 601-605. As a result, combiner 300 exhibits greater
30 transmission efficiency |



a range given by equation (1) above and centered about the predeterm ned

I nput i npedance produced when plate 630 covers one-half of tuning

transm ssion line 610 (i.e. [err] = [err] g L/2). 25 When used in
conjunction with conbi ner 300, the uni qneléuni ng circuitry 610 and 630 in
Figure 7 provides variable conpensation for the reactance associated with

th ' trip di t.i. nui t .the |j ti 6 f five m tri R
Lranan seron PYREs SobLoas Bl dHa NHER (it b siradnaing i o
transm ssion &hei undqrae t_ur_rit@- crimau:é;myr cef e (areiientt hinvertd ah be

obtai nabl e W yROMGYERE WG Mt W i e NSt RIBS SNt | ON.

Moreover, the unique tuning circuitry o € present 1 nvention can

advant ageous| $nventissd can hes advaniageanslip utkiznd werany suitakle

i nductive andagip1Gaddidn Whedrd iviriabldesindsbt iRad &ird /6 teagddit By, there

Is illustrated an expl oded ,view of the unique stripline tuning circuitry
and appar at us%&r'qﬂ‘?eqﬁr g:eérﬁrqdment ion used to tune the 10 microstrip

conbi ner 300 il | uReferedngn tle Fuirgure SLothEre e 83 Iwstasscthed i 0 housi ng
320 by neans q r Rl at %(A qtfiq?d ﬂc?ps] ﬁ.ﬁg @ﬁg@;s to
serpenti ne tr%n %%g‘;e}&gad]dlvﬁtg?m . e eégt%h C tu%é]n;&g? at %%cl S bonded to
bl ock 806 by anduiaPparatadhef ke Prefentk ventian gised ke Lyng dhe one
for acceptiongmikirioad i@/ conbilder Adreri It sin Bfurad S09ogover

pate 992 I1CLdeR MO S PR Hhad 0 ) el 0 Sy, oo

330 of conbi n®la%e033RoalspdrgdNdesl B0Wls IAGtEoBECERRS ttaon bl ock 806

and di el ectri gelpaintd ndl #ArEil B4Un INMLYIFe ITANNBES Ol 185610
Spring 804 forpig%edls%loe%.tsr Ibcc:r;[duerg q.:% @:ll%[ceic 683006 by a suitable adhesive.
15 Block 806 includes three holes, one for accepting spring
804 and the other two for posts 808 and 809. Cover plate
802 includes posts 808 and 809 and slotted holes 810 and
811. Screws insert into holes 810 and 811 for attaching
cover plate 802 to top plate 330 of combiner 300. Posts
20 808 and 809 of piate 802 position block 806 and _
dielectric tuning plate 630 over serpentine transmission
line 610. Spring 804 forces dielectric tuning plate 630
against serpentine transmission line 610. When tuning
combiner 300, the screws retaining plate 802 are loosened
25 and plate 802 is slid back and forth in the direction of _
slotted holes 810 and 811 to tune combiner 300. When the \J/
desired tuning is achieved, the screws retaininq plate
802 are tightenéd. The foregoing unique tuning apparatus
and process of the present invention allow combiner 300
30 to be quickly and accurately tuned.
Referring to Figure 9, there is illustrated a bottom
view of the microstrip combiner 300 illustrated in Figure
3. Output connector 902 extends from the bottom of
housing 320 and provides the combined output signal of
35 combiner 300. Connector 902 is secured to housing 320 by

means of nut 904.

4
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agai nst serpentine transm ssion |line 610. Wen tuning conbi ner 300, the
screws retaining plate 802 are | oosened 25 and plate 802 is slid back and
f;orth in the direction of slotted holes 810 a 811 to tune conbi ner 300.
When the desired tuning is achieved, the screws retaining plate 802 are

ti ghtened. The foregoing uni que tuning apparatus and process of the present

ngention al low corb mt stdhely, rh RE SRS EANSHIP |t aiithe has

ef®rring to Figure ere.is,i strat.ed, a bottom view o e mcrostrip

conbi ner 300 il uS&SH é{ﬁ:}fiﬁe&"@a} BRAHAS hRASERS 0P &8 ®% rom t he

bottom of housi ng @RPplad {0 cextosic L ltens hy wuique ciupldingflRips and

conbi ner 300. Coq._qéféa)r d oINS LIS f t

I n summary, novel RF si brgﬁ%‘cioqﬁﬁ‘)efni ng%kpfpgr at us ﬂékséﬁ%e%h(?escﬁ%dt%'at e

includes a ni crosmaYeleonBiing TRPHGEFY odlnekudas & ituning hransrirsion

goum I Ingi | oops aﬂ@.ﬁr_ﬂa:‘%&_)h :Hﬂaﬂébﬁ/ﬁfd amreitﬂ@agsiﬁ@,_e &nerl.l!%ﬂ% GrHride/ -off he
novel tuning cir ry, i ngludes, a tyni ransm ssi ine and a

di el ectric tuning "%fuj]aﬁrb,lﬁ ffget'tmjrfbe‘# %Yge %ﬂ%‘?‘f‘ i%to(}é}eeﬁﬁw by the

| ength of the tunitransmissicsilind iared dthe tdieleatrid reansiarst off tHe t he

tuning plate. If t [ ansyg SSi | [ j nat y3 & short

circuit, the in utarﬁzaia aégaeeédf masﬁ%é\/)er#‘lﬂ%% n%r%%%%ﬁiﬁng%%el%lari ed

bet ween i nducti@e tarinaked th¥ & rehexariecuity| Sheinpht steagrance fb e
The Uni que  Uni no s Gul v B he e e e, MUE1VE
Rdvant ageously uriaid GPRIRLTEYS Hearhancar e By AR Uiy the evomns
rquLance i s requibyedvhizth the dielectric tuning plate covers the tuning
transmission line. The unique tuning circuitry of the
15 present invention can be advantageously utilized in any
‘suitable application where a variable input reactance is
required.
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25 30 35 1.

Appar at us for conbi ni ng at

| east two radio frequency (RF)

signal s having different predeterm ned frequenci es and bei ng generated by
separate signa

and a second si de,
junction means di $pos
produci ng the conposi

epar ( sources to produce a cona§5|te out put signal, said RF
si gnal conbi ni ng apparatus conpri sing
sai d second si de having netallic pl ati ng thereon;

strate neans having a first

fép ?ﬁﬂg %B&Séoﬁb?ﬂlﬂg ? §Héskﬁateaaeans and

of transm ssi on

5
si de

-

Ilné’*

nmeans each b@?ﬂ@u%%G$IéﬂfloséiﬂﬂlfuRgYFBﬁ ﬁéSﬁEr&HG Hﬁﬁgﬁgeﬁﬂlpﬁﬁut coupl ed

to a corres
15 inpedanc
coupled to X

a predeterm ned ter”‘Qébsﬂgahgpﬁﬂaﬂﬁeha@&ﬁbeﬁtE&Es&'%&Qe”ﬁ%aﬁahétbaﬁda

8fe§I ghdl befing ganepgtedr byl sepalatengigneari abl e i nput

LN | e h gwan i nput
Epornaife’d, SORRSELES, Shcpll TERNT, K1R0RET (080 on
t he f|rst53|deqnalsapubianGrapearesng gaaprdsiggter m nated by 20

predet er m ned, dlelectrlc const a overln
| i ne nmeans, ?h@ernﬁﬁﬁ i #BERRfHC QSF gévg Eﬁg&gn%a$ﬁﬁ3§ghgglon

predeternined |nput

one-hal f of
t he anopunt b%g

10 szqnal.

i e

| fpnadeion deanss&iépdseldem mheplfdirsmads om/er S
ectric pfate nea S covers sal tun

a'plurallty_of transmission line means each

being coupled to said junction means and having an input
coupled to a cor*esponding RF signal; and .

tuning circuitry having a variable input

15 impedance, comprising:

20

2S

30

3s

tuning transmission line means having an
input coupled. to said junction means, having a
predetermined length, disposed on the first side
of said substrate means and being terminated by
a predetermined terminating impedance:;

dielectric plate means having a
predetermined dielectric constant for covering
said tuning transmission line means, the input
impedance of said tuning circuitry having a -

. predetermined input impedance when said

dielectric plate means covers one-half of said
tuning transmission line means; and

means £or'adjusting the amount by which
said dielectric plate means covers said tuning
transmission line means to vary the input
impedance of said tuhinq circuitry over a range
centered about the predetermined input
impedance.
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30 N ‘transmssion line means to vary the inpﬂf—fﬁﬁéaéﬁEE—B?ﬂg;;d
tuning circuitry over a range centered about the predeterm

isnpedance. 35 The conbi ni ng app tus a(‘ “mm‘“ 1,
~Wherein said tuni ion |ine means cgggrises A ssion *ine

hayipg_a serpentine shape and being termnated by a short circuit. 5 3. The
cqnplnlng appar at us acqgrdlﬁgeteoﬁbghﬂhg,;pbegehassabdoadﬁuqttagcmaaﬁs1,
cofNpri ses: housi ng neans for.gn | osi ng_sai d_conbi ig apparatus, sgg gaver
plate means coupl edReE2L8; §2HBu Pﬂbnﬁegﬁgnfﬁfsﬁégﬂtlgﬁlng 32 i i

diel ectric plate nepansmibdsionclipeshavingeheserpengineeshanmsangabringsai d

tuning transm ssio |k n . C el apparatus according to
claim 3, wherein sgf ggeggapﬁgté ﬁggﬁg gﬁgFﬁgggingrudes two posts %5

ext endi ng thereﬁroni spring nmeans and bl ock nmeans having two holes for
riE R S o evipre i Ao
3035 205, rlBRbeiPo g A ek 1, ARG, Shed el CREuERAS nedis20n
enclosing said combining apparatus; and cover plate means
coupled to said housing means for positioning said
10 dielectric plate means and forcing said dielectric plate

means against said'tﬁninq transmission line means.

[ 4. The combining apparatus accordinq_té claim 3,

~ wherein said cover plate means further includes two posts
15 extending therefrom, spring means and block means having
two holes for accepting said posts and another hole for
accepting said spring means, said dielectric tuning plate
being fixedly attached to said block means.
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conpli si ng: antMty of RF signal transnitters each

having a 5 different frequency and producing an RF signal; a
plurality of filt ﬂm coupledf a different one of sdaid RF
signals and pr odu put i gnal ; To conbi ni ng neans

conpri si ng: substrate nmeans having a flrst S|de and a second side, said

second si de havi ng net .C in%1 99”§§@?§ dj n the
first side of 15 3. ?dﬁdd' SlF,IHO-a% é’ﬂegns an €l ng coup Ry %%Qsal %‘1’9

ant enna neanscomprigifndiy of transmission |ine means each having an output
coupl ed to sai d | yHidrida s ;and havi ng an |nput coupled to a
corresponding filterin ns, out Si ;_and_tuning . .

transm ssion |line %&t&%&ftﬁ%&%ﬁanﬁ)ﬁn ]gu,ﬁ Jb ik A t?%‘r’tlﬂ%aﬁs

havi ng a v i atilffergnit th@\dWmmm@rmmiwgﬁn RBei ng

di sposed on ”E%.q(pdilsl side of said substrate neans, 25 and bei ng
term nated by a predeternined ter natliﬁhi edance dielectric plate neans

having a predeterrt RIRTR B 6198 £ ng RAFR fePeRt et bR Ag

transm ssi on |diEremaits, oridicot nguid i RPesibaeel of andli prdducing annéugput
transm ssion Itgﬁﬁk anstgaving a predeterm ned.input inpedance when said

dielectric m;ﬂ vers one-half of said tunlng transm ssion |line
means; andk®5 comblninq means comprising:

substrate means having a first s;de and a second
side, said second side having metallic plating

thereon; \-)
junction means disposed on the £f£irst side of
15 said substrate means and being coupled to said

~antenna means;

a plurality of transmission line means each’
having an output coupled to said junction means and
having an input coupled to a corresponding filtering

20 means output signal; and

tuning transmission line means having an input
coupled to said junction means, having a variable
input impedance, having a predetermined length, being
disposed on the first side of said substrate neans,

25 and being terminated by a predetermined terminating
impedance; _ U

dielectric plate means having a predetermined

dielectric constant for covering said tuning
transmission line means, the input impedance of said

30 . tuning transmission line means having a predetermined
input impedance when said dielectric plate means
covers one-half of said tuning transmission line
means:; and

35
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v
means for adjusting the anount by which said dielectric plrate neans covers
said tuning transm ssion |line neans to vary the input inpedance i
t@ni ng transii ssion |line neans over a range 5 ce out the
predet er m ned i nput inpedance. 10 15 20 25 35 GH'Mﬁumm;"mﬁm
conbi ni ng apparatus according to claim§5, erein sas i
tra@ds;'n’i ssion line neans conprises a transm ssion |ine having a serpentine.
shape and being term nat egelinig? £2RORIAIUsANG the Amouhkte PP whiighalsaia
conbi ni ng appar at us %é(éi(rggl n tolcl aim5, further ingl u%@gﬁ a plurality of
coupling circuit boa AP S BEART 1SR S0 5 2fe N9%ach of said
coupling | oops coupl ¢étansnd ssdione dimed meansneoofraty thied inparts impeidande ne
means and term nated iy o3 4 h%‘iﬁa&ﬂp{ Ct"i"a.tnsfmqrssri%%e'l\i?@g m%%%sog%g a5 e
forma correspondi ng one of sal i I'tering means. 8. e Rk signal
conbi ni ng appgr at us SedSeFesy abouts thieyPredetgmised Japytadppedangereans
conprises: housing neans for enclosing said conbi ni ng neans; and cover
pl ate nmeans coupled to said housing neans for positioning said dielectric
pl ate nmeans and forcing said dielectric plate means agai nst said tuning
transm ssion |ine nmeans. 20 9. The RF signal conbining apparatus according
to

10
A,
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claim 8, wherein said cover plate neans further |ncludes two po ¢

‘extendi ng therefrom. spring neans and bl ock neans | es for
< accepting said posts and 25 anot her hol e for accep m nmeans,

said dielectric tuning plate being fixedl3attached* 't sa
35 10. Apparatus for conbining at |east two radi o frequency (RF)

signal s having different predetern1ned f.requenci es a d bei n ner at ed by
separate signal solircesSh® &7 cthfrh ¢ 1% PRI gﬁﬁaﬂg"g@a‘ﬁl E= LV

si gnal conbi nigla i@ppar atuitere ire cgpid stmgingsMnﬂss@nslimumm first
side and a second S|de Y/ t al eon;
S LGNS AR & L letlo Galiy

junction means gt subst rat e heans
produci ng theanﬂnhnanEtﬁk@&ﬂatﬁgd@Y ajghort cireujturality of
transm ssi @ | ine means each being coupled to said junction nmeans and

havi ng an input coupled_to a correspondi ng RF signal ;. _and tuni cifcuitry
having a variabl e 7aput? 9%é§?a§%%53£ g?ﬁﬁg jgpardtus T?ﬁﬁ?é%hg to

- transm ssion |l¢xeimesns ﬁmwtmqraﬁnchudingompbbdr&bxtpldfjcmuplrmgnﬁans

having a predn%f@}gg%%gg@%hea&wg?fﬂ?g Seplihg 15608z edh sabsirate

means and bei a sho c plafe freans
havi ng a predeQ%rﬂ#h@dcqulémQIb@?PﬁcCEBﬁbﬁﬁnP°f%rC%6¥%$Pﬂ@d§%§d°Pﬁn?ﬁg

Lr ansm ssi ng {éé‘f‘d n@?&ﬁsmlﬁ'@x?ﬂ pPuinéeneaAsCcanaf téthindvad Ney Ca rﬁ:ﬂbft y
aving a substaptia e ep s tr|c pl at e neans
covers one- haJ?1¥ﬁu£ ﬁ°fuﬁ?ﬁ§lY? ﬁ%?s?gﬁhF fﬁ&%ﬂ £

cor*espondlng one of said filtering means.

'i.

ans. 30

8. The RF signal combining apparatus according to
15 claim 5, wherein said adjusting means comprises: housing
means for enclosing said combining means; and cover plate
' means coupled to said housing means for positiohing said
dielectric plate means and foréinq said dielectric plate
means against said tuning transmission line means.
20 '

9. The RF signal combining apparatus according to
claim 8, wherein said cover plate means further includes
two posts extending therefrom, spring means and block
means having two holes for accepting said posts and -

25 another hole for accepting said spring means, said
dielectric tuning plate being fixedly attached to said \;)'
block means.. :
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25 " nmeans for adjusting the ampunt by which said diefébtric pl ate

means covers said tuning transm ssion |ine nmeans tium
réact ance of said tuni ng circuitry between rede mmlﬂlmuwujﬂ"
react ance and a predeterm ned capacitive regégance "30°[ERRI" 35 1.
Apparatus for conbining at |east tw radio frequency (RF) signals

subg&gntlally asiher eAppefratasddoer icoad ilmingaya tofl easansive wiadior dfreqeneyt 0 -
Figures 2 to 9 ¢krlhgidhaWisN8sving different predetermined frequencies and

being generated by separate signal sources to produce é
composite output signal, said RF signal combining apparatus
5 comprising:
substrate means having a first side and a second
side, said second side having metallic plating thereon;
junction means disposed on the first side of said
substrate means and producing the composite output'signal:
10 "~ a plurality of transmission line means each being
coupled to said junction means and having an input coupled
to a corresponding RF signal; and

U ' tuning circuitry having a variable input reactance,
comprising:
15 tuning transmission line means having an input

coupled to said junction means, having a predetermined
length, disposed on the first side of said substrate means
and being terminated by a short circuit:
dielectric plate means having a predetermined
20 dielectric constant for covering said tuning transmission
line means, the input reactance of said tuning circuitry
having a substantially infinite magnitude when said
dielectric plate means covers one-half of said tuning
transmission line means; and’
25 means for adjusting the amount by which said
\ _dielectric plate means covers said tuning transmission line
) ' means to vary the input reactance of said tuning circuitry
between a predetermined inductive reactance and a
predetermined capacitive reactance.
30
20+———A—madio—frequency—(RE}—fitter—substantiaily—=es-
Rereinbefore—deseribed-by—vay—of-exanple—with—reference—o-
Haure—-l—of-the-drawings-

35 11. Apparatus for combining at least two radio frequency
(RF) signals substantially as hereinbefore described by way
.of example with reference to Figures 2 to 9 of the
rawings.




