| a ORTHOGONALLY MOUNTED SUBSTRATE BASED RESONATORS Thi s
‘appl i cat j OQ B5238Fs the benefit of U.S. Provisional Appli catricarusyeriissz

60/ 049, 191 fil-ed June 11, 1997. Technical Field This invention
relates to electric oscillators and nore particularly to an adjustable
resonator or tank circuit for an electric oscillator operable at high

frequencies for us ' l.cation Bands (SATCOM typically
but not limted to%fq@&é@@yuwgﬂﬁg% BQ‘SE% RESO&‘W% gh frequency
oscillators stray capacitances and | ead i nductances becone very inportant

I n determ meBBni@al10$GIdlati on frequency, output power, feedback fraction
and other ac quantities. H' gh frequency oscillators heretofore provided

have an oscillator cithay tireaitd oM tﬁb_laatf@ss%@tQieeeriegéssekiia%g’gn the

formof a quarter wave transnission |line section printed or etched on the
circuit suBBfrBpEe PaFtdGWEdlxdrernadiuskablei résenaterr oni tankhe

.capaci t;ancgj beheeFokNay @INALAIC mflfga&&yeé ERUSES Largeqgover
frequency shift effects. The oscillator reqyeﬁ%y 'S requengy nodul at ed by
ni cr oscopi ETRBVEREALS dFPn WS Alerthen Btk i tei Commwnii o2 biaki Bandseat i ng

m crophoni ¢sgtEemY St%_@cawgut%ig%e&ri%%cflﬁﬁti i gat Phage noise

performance of the oScillator. osure o e lnvehiion A
resonator or tank circuit for an electric oscillator is disclosed. The
resonat or PRekgaewrd &F¥strate having a capacitance neans and an i nductance
means. The substrate is adapted for nmounting in a slot in

In high frequency oscillators stray

10 capacitances and lead inductances become very important
in determining the oscillation frequency, output power,
feedback fraction and other ac quantities. High frequency
oscillators heretofore provided have an oscillator
circuit board with a resonator or tank circuit in the

15 form of a quarter wave transmission line section printed
or etched on the circuit substrate, and a metal cover
over the oscillator circuit. The capacitance between the
resonator and the cover causes large cover frequency
shift effects. The oscillator frequency is frequency

20 modulated by microscopic movements of the cover caused by
noise and vibration creating microphonic effects that
appear as degraded electrical phase noise performance of
the oscillator.

Disclosure of the Invention

25 A resonator or tank circuit for an electric
oscillator is disclosed. The resonator includes a sliver
board having a capacitance means and a inductance means.
The sliver board is adapted for mounting in a slot in an
oscillator circuit board preferably substantially

30 orthogonal or perpendicular to the oscillator board, and
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| b an oscillator circuit board preferably substantially orthogonal or

per pendi cY@P88%B8T he oscill ator board, and PCT/US98/11832 2
t herefore orthogonal to a netal oscillatof cover pl aced over the oscillator
board to protect the circuit fromexternaj effects. The orthogonal nounting
of the substrate relative to the cover reduces the m crophonic cover
effects. Thehewpereansthaganpadiet anvetel vissildedea qovar Ram;heczhdj ust ed

by removing,¢ab pRLtgns196:By baseh kol Midtce BhiceliReaN ulgp of the

Dr awi ngs I'sS I nveAtl on are desc in connect i on
with the ac@gtnmgrl ngfdeakisngThienontholyoniake meamtdnige ot &ihe |sdriwesf er ence

numeral s i Yy ghzerative to %QUESVQH $ @Rl ?geﬂuWOzJ% S} §iIY & V\} Of an

oscil | at or mn a resonat or f eatures I nven
t he oscPl | ebfeqbs heThboaanacmtgnmm endt Aaduetemseonfi §mensrasmmﬁqr

operation apgd, c c QLT rshective
expl oded V|em/g$a§ﬁr%§gﬁ%?%? g%b%ﬁ??ﬁéngegfar Og% %P%eo%rggggt nventi on.
Figure 3 istmimmbmy.el evation view of the resonator in Figure 2

Figure 4 is a left side elevation view of the resonator in Figure 2.

Figure 5 |?%% g‘?%%é%géeg{agvgki Qgevb?grgggghe resonator in Figure _2.

Figure 6 i tion view o e“resonator in Figure 2.
Figure 7A is a back eb§¥33i9n0¥l@ﬂﬁgfihggntlon are described in

10 connection with the accompanying drawings which like
parts bear similar reference numerals in which:

Figure 1 is an exploded perspective view of an
oscillator with a resonator embodying features of the
present invention, the oscillator mother board into which

15 the resonator is inserted for operation and an oscillator
cover.

Figure 2 is a perspective exploded view of a
resonator embodying features of the present invention.

Figure 3 is a front elevation view of the

20 resonator in Figure 2,

Figure 4 is a left side elevation view of the
resonator in Figure 2.

Figure 5 is a right side elevation view of the
resonator in Figure 2. |

25 Figure 6 is a bottom elevation view of the
resonator in Figure 2.
' Figure 7A is a back elevation view of the
resonator in Figure 2.
Figure 7B is an alternative back elevation view
30 of the resonator in Figure 2.
Figure 8 is an electric schematic diagram of

the L-C circuit of the resonator of Figure 2.
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resonator in Figﬁre 2. Figure 7B. s an alternative back el evation

view of t NEOP¥SBRAtor in Fi gure 2. Figure 8 i s anPel/898/11832
schematic diagramof the L-C circuit of the resonator of Figure 2.

WD 98/ 57387 3 PCT/ US98/ 11832

3 Figure 9 is a top plan view of the oscillator not her

board into which the Fégvrat 8r i6f aFitgpr @lan yiew qfsthe essébtlaperati on.
Figure 10 isgofhlt obacheYAtbolnycAetle bi%om + P Afuld f'gyfe 2 being

inserted into the oscillator boa ure 11 is
a front el elsevhedi Earoppgrationa|ternative resonator enbodying features
of the present I nyeghiren1019s a fro t el@v%%fcnmvleﬁﬂ %t &ffe Si d€

el evation view of the resonator E Figure 13

is a right sesenateyaipoRignee &f bteheg lnStee'érmhtloth rthe el lliator

Figure 14 g, 9m-gl evation view of the 15 resonator in Figure 11.
Figure 15 is a %géé g}'evatlon vi ew of the resonator in Figure 11.
Figure 16 is an eIectFigusehéhBQSCadfagn&nedhvatidﬂuwﬂeﬂ:aﬁrannt of the

t ' af t
of “anot ner SLEASERR, Elonater enbogliRly Bepbishal ad e I TMEC

i nvention. invention. Flgure 18 is a left S|de el evation view of the
resonatgr in Figure 14 gur, i [ ht S|de el.evati on
ViGMIO? t he resona%%r ?n1%| gur & 7E% di%e Bretat S 1Y% bot t om
el evati on wesergtohein Flgesenator in Figure 17. Figure 21

is a back el evation VFf%ﬁPé ige 30, L§ pRaLQr, | |n F%% re I%ﬁ% w At the |
t he

Figure 22 is an electTl schematT c2dfagramo
resonat or ofestimatter 1in Figure 11.

Figure 14 is a bottom elevation view of the

15 resonator in Figure 11.

Figure 15 is a back elevation view of the
resonator in Figure 11.

Figure 16 is an electric schematic diagram of
the L-C circuit of the resonator of Figure 11.

20 Figure 17 is a front elevation view of another
alternative resonator embodying features of the present
invention.

Figure 18 is a left side elevation view of the
resonator in Figure 17.

25 Figure 19 is a right side elevation view of the

resonator in Figure 17.
‘ Figure 20 is a bottom elevation view of the
resondtor in Figure 17.
Figure 21 is a back elevation view of the
30 tesonator in Figure 17. b
Figure 22 is an electric schematic diagram of
the L-C circuit of the resonator of Figure 17.



4 Figure 23 is an electric schematic diagram of an oscill ator
circuit i YQPYEBALI ng a resonator enbodying features of theqwesaniss:2

i nvention. Detailed Description O The Invention : Referring to
Figures 1-10, a resonator or tank <circuit for an electric oscillator
enbodyi ng features of this invention has capaci tance neans 11 and an

i nduct ance neans 12 nptighed 28 diselagcielice trikstgctemalb.c @@iRagtdmnee neans
11 and |nductan£§?gggng%%%8are el ectrically connected together in series in
A

an L-C t ank°%fF+ izt FECOFPPRE NG Aamesanatint SLAhGWE i n Fi gure

8 with bot hfeathugeéanee HRanprétenrd igRadiloance neans 12 being variable or
adj ustabl e to change the respective I nduct ance and capacitance of the
circuit Descr i, bi S eC|f|c enbodi rents herein chosen for
|IIustratlH@“?ﬁ%l?ﬂvBﬁPFBﬁPkégP %n T s used which will be

recogni zed as being e ed for convenlence and having no limtin
S|gn|f|§ance For exaﬁ% BTTLRE ter ALourss: 1add - FﬁﬁﬂnQQQRNOR(F%ékE

i I | ustrat eccerbott "edtr 4A blecBeliBbbspesilkiter @hbessinhednres Igft" and
ight" wll refer to directions with references tg_the Figures.

Substrate:ﬁ?*% ventLeRahigsl ar CeRapd tRAFANFeanst AdndDS 3 rst face 16, a

back or secigithd@fecd mepRISLembunsbdf 864181 e theld stivds adee 118, a right
side edge 19, a top edge 20 and a hottom edge 21. A rectangul ar substrate

tab port.o@@?%%%@%%a%t%énﬁeegénéecteeeq @egnsdge 2¢eand tab right

edge Zioextamfiemﬁgbééﬁﬁéetéet E@B‘e@ﬁ% 24 seehelshatl, Ghe 1t erggction of
substrate bottom edge 21 and tab |leff edge 26 forns a first shoul der 28,

and the i ntSrEB8ttT orP oFCREBAEL Gt eI pERRORTEd§ank] canguish 15 ghovadda 27
forms a seqonfisdos!l Wefh 29oth inductance means 11 and capacitance

means 12 being variable or adjustable to change the

respective inductance and capacitance of the circuit.

15 Describing the specific embodiments herein
chosen for illustrating the invention, certain
terminology is used which will be recognized as being
employed for convenience and having no limiting
significance. For example, the terms “top” and “bottom”

20 refer to the illustrated embodiment in its normal
position of use. The terms “left” and “right” will refer

to directions with references to the Figures.

Substrate 15 is of a rectangular shape having a

front or first face 16, a back or second face 17 opposite

25 first face 16, a left side edge 18, a right side edge 189,
a top. edge 20 and a bottom edge 21. A rectangular
substrate tab portion 24 having tab bottom edge 25, tab
left edge 26 and tab right edge 27 extends from substrate
bottom edge 21 such that the intersection of substrate

30 bottom edge 21 and tab left edge 26 forms a first
shoulder 28, and the intersection of substrate bottom

edge 21 and tab right edge 27 forms a second shoulder 29.
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5 WO 98/5738Tapaci t ance means 11 has a rectangul ar fi rBCT/AUS98/11832
conductive portion or conductor. 31 rrounted on the substrate first face
16 adjacent to substrate right side edge 19 and bottom edge 21, and a
rectangul ar second 5 conductive portion or conductor 32A nounted on the
substrate second faceCanaehpBBFeeneARSt 13| hes 31 remtangular Hiorsfuct or 31

and second et Dye %&@i@neéﬁhcaﬁgﬁc‘ﬁ:raﬂ mouhl} f@if drPwy ofile flat

conductor, and in conmbination with substrate 1 orma tirst capacitor
30A. 10 substratef}usk FBCShéfisadiagenss figt swbssgeded Walduciote

32B. The aldgydatd Vgnsesordonondyet ok 32B4has L Ly conduct or
pads 22 anékgfﬁlurallty of %ondugtlve conﬁggggrg%%f'céﬁ%eéging pads 22.

Pads 2250r & ¥te portionpE sepdecitesl p2Remounitied om dienge or adj ust
the 15 capagidanca Ofsdbssd £a3L8ciyop égélte 1rst late SYAﬁylg 'ty of
t abs % fPrst face @' rom

i nverted T-shaped conduct or exten
first edge03>41 ctor 3heandrsecendt eogduchos aaa 24e Rackctmadmulcf a

conduct or lr;agogg £nfls £l ggeﬂauéesr pasahecz %%ecqo%onﬂt or

. tabs 33. T- ape uctor ta n co Ion mnt cond tab
36 forma §Mhﬁﬂna§£cﬁSsﬁ@nmdacépa&ttoapac1to$080§o t hat capacitance neans
includes first capacitor 30A and second capacitors 30B connected in

paral [E9. T- shap%’eg%mdl@t@howabsn%laeenaewet secopd aundidteon o 25

change. o agSinldc AAPAR L AL s 0L AAPACHLARES: TSIBS L A pluratity | (oo

plurality of para nductor bar
35 of firseiplcandwtan\ads 22 %@@saraleraéitysoﬂecedgacraven the sane

thin, flat. n(gygygnég {?ﬁﬁéﬁﬁﬁ%ﬁﬂégﬁs”59”3P£55552C %%%%% %@ and 30

have a connDn connecti ng ng f he oppoSi Iiogether
to formth&3i aadec tseice sy 1PenEaghlbato chaB@efornadgustnmwacn 39 so

that i ucEgB%%lqg@gébég%7§§9é@cé£g§él@09Iyaﬁl|ty of inductors connected in

paralle

PCT/ US98/ 11832 lurall$y erted T sh?ped cg ) C%? are
selectlvel{ r enovabl e t vary the 1n lic ance nduc ance “reans 12.
a

bs 33 extend on first face 16 from a first edge 34 of
the first plate 31 onto tab 24. A rectangular conductor
tab 36 extends on second face opposite T-shaped conductor
20 tabs 33. T-shaped conductor tabs 33 in combination with
conductor tab 36 form a plurality of second capacitors
30B so that capacitance means includes first capacitor
30A and second capacitors 30B connected in parallel. T-
shaped conductor tabs 33 are selectively removable to

25 change or adjust the capacitance of capacitance means 11.

A plurality of parallel spaced inductor bars 37
extend from a second edge 35 of first plate 31 toward
substrate left side edge 18 on the same thin, flat
conductor as capacitance means first conductor 31 and

30 have a common connecting bar 38 connecting the opposite
ends together to form the inductance means 12. Each bar
37 forms an inductor 39 so that inductance means 12

includes a plurality of inductors connected in parallel.



A first termnal designated 40 includes.a first term nal portion 42A
extendi ng WRA%%EW8Trate first face 16 5 from connecting barp@Busssigestrate
| eft side edge- 18, a second terninal portion 42B connected to and

ext endi ng fromfirst termnal portion642A across substrate |eft

si de edge to bsira ond, face 17 nd.,a third .term.nal portion
42C connec'gggea}fﬁ ofge%lf)%dé%Jééc%?ﬁg?l%ofﬁ“SXE? €438 Xﬁ&yeﬁgn&inﬁ%’cmep
substrat e sefadnmbictrandd opaosil2. first term nal portion 42A. A second

term nal designated 41 is fornmed by the capacitance neans second
conduct or 32A adjmceintst otethmisabstestignaitgld 49 dacdddgesl® first

Referring now to F qures. 1 nd 10 the 15 substrate 15.i s ,shown nt ed
on and ort M‘h’rﬂaj{ go%ﬂélon %%]gl ?’I‘é‘f’% 1h8t REr S iF&'age\M%tlﬁ.stta%aff g%Jendi ng
t hr oughsa fr%mﬂdﬁnﬂébtin¢Fbﬁfﬁ3®6tob9ﬁbdﬁ9at5iQFFQ 33dehedyet has, af
resonator 5 of the present inventiop.ipn the osci]ll ator circuit o

osci | | at or srf’tf"t‘:f‘\'la"i1 tb%‘?ﬂjcf‘@i RoREieR a@%%rc?nﬁﬁ&tfﬁi {tRe 2PPa RELERGATY of the
oscil |l at or fidnc Ui irsif etetminal opEOSide ¢pASaetoslsosubteatle L&t upon

assenbly of . bstrate 15 .to not her board 9 first termnal .40 will be
eFthri Zall %rﬁiﬁseﬁ PRI TR S8FARA r"IS,celt& ’ an{?a?a%‘&’ FdYWIand

sef:gnd. ter rﬁe&&diﬁfbﬂb\@ditm AXTCicomeet¥edo>t608BRBHhEd te@'ﬁmﬁélaJ bbrz]:!txion
sol derjpng, to the, base of. transistor 8. n thi,
ar rang% nt4,2%( ARG B RGP somrﬁlétalStra%Fn‘s‘?FSPdléaFﬁ flﬁeol?BPﬁéieooard 9

whi ch givegil termidvalipge: idn repRat AbsbebydotepAshbiodekehakited to the
30 other circuit el enenpts a%(t:l therebieri rrgroves producti_on unit to unit
uni f or mi ty.A2a%5h §hPE | Hie GPRAFHbERER MeangogrEesdaRAPERGtoX on
resonat or 32 edyLudritedd ntidesubstPaeéerigateshadi gagk, 1bhe resonator 5
could al so be WD 98/ 57387

PCT/ US98/ 11832 . . 7 unted on the
mot her board 9 and sUBHFFTAPDANOJhaFLigures her 8t a0 gﬂoﬁggt he tab 24 and

sl ot 105 by sl trite s ais showriitnduitédt 6AMhAdl o#@hbgonalaeboran? and the
connection at .

Comect 10 ok 13t S SR 41,10, asbator 8 Abbep aEEbly o
resonator glotovudr im ithelmegtkmw\riatdes norhgarboaBdsfowe the protect the
oscillator rfers_ooga >g[rer§1%|f etlheerrepnrtess'en[%:mirggeltxggon in the oscillator
circuit of oscillator mother board 9. The varactor 7 and
20 the transistor 8 of the oscillator circuit are at
opposite ends of slot 10 such that upon assembly of
substrate 15 to mother board 9 first terminal 40 will be
electrically connected, generally by soldering, to
varactor 7 and second terminal 41 will be electrically
25 connected, generally by soldering, to the base of

transistor 8.

In this arrangement, the substrate is mounted
in slot 10 in the mother board 9 which gives the
advantage of repeatability of position relative to the

30 other circuit elements and thereby improves production
unit to unit uniformity. Although the slot 10 on mother
board 9 and tab 24 on resonator 5 are provided in the
preferred embodiment, the resonator 5 could also be



‘purposely thin top view profile of the resonator the capacitance is
not mat eri ¥A%p/Z#ect ed by an oscillator 10 cover 6 therebyaramssirg:t he

cover m crophonic effects. - Referring nowto Figures 11-16
there is shown an alternative enbodi ment in which capacitance neans 57
includes a discrete first capacitor 58. Figure 16 shows a schemati c of

t he resonat ountgst on the motlmphheard 2A3andssuppeohedoprthogonadce 44, a

back or sec PO SH ik Shaf as he i 46, a
right side gg%eﬁ%%vﬁ%op ezz%§4%é%n%4 agﬁ& égg{tt %Pn féggte:higéoggre%%g'g)r?gul ar

substrate taf gdmstorfeminal i tr) Yababborom audethe, coabekcsfionedde 53
d b ri t 49 t hat
and tab ri gbkAhg qds, i YLIIS éfmdgg@%rghe ?gg&og%@%lyeggg 2

the intersection of substrate bottome I forns
a first shogegena3®r dnda Htheé masskbhaton circoitsabdt adfeshmenamoddge 49

and tab rig 4 £ or . h e 6, A
capaci tor n%%ﬁt%?l%gm% rgs't “E)B;"aé%zs olfg'ﬁﬁfgnge?o(\gl)vyég E%?o’f‘?FégFI gf’afgn&ug‘f’or i's
mount ed on PUbtecdt aHd ratcildmtor fromiexteneal atkbemehtst aDael ¢bt thiede
edge 46 and.,[.i jsde { o citor_pmountin eco pad 63 of

t hin, _ IB\{ilvE:grIa tgf"a’lllye tﬁlg’f ‘%O#grulc %rﬁbfl%@rr%%n?gdt%ﬁ Eﬁﬁg’??gf”é ?‘gﬁst 30 face
44 i nt er nedrapeciitesicepdd 6@ tamb sy eaffgtted bysadeosdg@ldatorkirst
papact i L ELYLO%s Uhedlby Kihing APALISL ALLELLRONDE QhediReicte

PCT/ US98/ 11832 : . poupt. to and are
general Iy sol dered toRﬁfresI:trlﬁla?d Ny % Flgurs%%ojh]d-ggdt%%,rerégpggf’ﬂ}el y.

A pl at ed-t hanughtleona tdveyiegnt®tligfertthiin whiaclonchys ¢ ieanmae emeahsestvends

t hrough sec 6 t hr.Qqugh substrate 43 tQ. second _face 45.
Conduct or 629%}8@@5 t%hi%{r%%qr%v%ep% e TS eue brp+%uﬁ%uﬂf3eﬁ BHSsBcond
face 45 andsshemetnids ofi &4 resonadiori a 64 provi des el ectrical
connection from second pad 63 to conductor 66. A plurality of inverted
T-shapé® tabs 65 ext eStbstraitestd3lhad acefrbhif rawm first Pade 624pnko tab 51.

opposi to T-2a5keaE: SRR B I B A BT R Kb s 65
formthe plaide efigeagéci ttors ghd shidehaukyk 47, a top edge 48 and a
bottom edge 49. A rectangular substrate tab portion 51
having tab bottom edge 52, tab left edge 53 and tab right
20 edge 54 extends from substrate bottom edge 49 such that
the intersection of substrate bottom edge 49 and tab left
edge 53 forms a first shoulder 55, and the intersection
of substrate bottom edge 49 and tab right edge 54 forms a
second shoulder 56.

25 A capacitor mounting first pad 62 of thin, low
| profile flat conductor is mounted on substrate first face
44 intermediate substrate left side edge 46 and right
side edge 47. A capacitor mounting second pad 63 of thin,
low profile flat conductor is mounted on substrate first
30 face 44 intermediate first pad 62.and substrate right
side edge 47. First capacitor terminal 67 and second
capacitor terminal 68 of discrete first capacifor-SB



tabs 65 are selectively renovable.to change or adjust the 15 capacitance

of capaci Yhe&&S7A¥ans 57. ' A plurality of paradraissspsesed
i nductor bars 70 extend fromfirst pad 63 toward substrate |eft side
edge 46 and have a conmon connectinggbar 71 connecting the opposite

ends together to formthe inductance means 60. 20 Each bar 70 forns an
i nduct or 6mO8Btt hiat anAd@dtade@afsdidy soldredchdiadbiesrst ppad ab2 t gndf

i nductors §gc898nﬁgﬁe%3i,nresp i?)d1§). Bars 70 are selectively renovable
to change or adj ust the i nductance of inductance neans 60.

A first termnal deskggqta%dl%ﬂfgqfq,d%lae fdf S§1 %4 tSFM por,ti on 75A
extendi ng on substrate first face 44 fromconnecting bar 71 to
substrat e Fergustigecngsesdaly extendsc dfgauaihisrtonsbrradnby5Bdonnected to
and extendifgdough ELBTREHLES! 484 Y t 7 S | ef t

si de edge 46‘?%gsu%)straté\1 secon& f%%lg 45, faa%(} a@hi%fd Lset’Jlgrérrié?\}%t portion
75C connectkini ole¥cpnafddenifdat gonduator is7¥@untedaresierpadnt o
substrate Ngle f it €4 fid Sty 1.nal ' A. A second
t erm nal dggl&gng? e%ﬁa éarggﬁ\g%%gll g?fé? S eild BiK Gdo%fémgé

PCT/ US98/ 1aBeetrical connection from second pad 63 o cormdudtoxf offred by

t he capaci n 6 m_ j t.tat S e_right side
cdge a7 hPEE-EEEEY BRRIHTLIEcl 1 andBRRs ' SE b it

al t er A&t i vEaeerbddli fzom ShrsheprdséRamto $aph®@in Wdarductdr cépaci t ance
nmeans 76 angd. LN n n S t 7 Substrate 79 has a
front or firs %ceyég,a ggcggabzgééo(ragsgggﬁd%éﬁt@%eogcpaobsi e first face
80, a | eftoppositeleTedhaprss, tabsi §ht soi dbhaddgerdBicton b edyt B4 and a

bott om ed t agg St.h t Qrti 7 hayi t ab bottom
edge 88, ?%B%%?ftéeﬁgeggggggg ?gg H‘%ﬁ\:t%s %l% %&ffeacggo Xt (]=3§r1bd‘s r%%ps strate
bott om edgeal8s &dcarehaelectivhdyi memovebilieortocofchamyst rcat eechipistonlesige 85

and tah Ie%gepabcﬁgggg 8% %gﬁg&agﬁékgshe%?%gﬁdﬁr 91, and the intersection

of substra ot tom edge rg geé 90 forms a 15 second

shoul der 92. Capagict n r-41rst
conduct or 94 nount edAo%%?ﬁglgggstgrka?g‘ggllragﬁ % ég:egigin%d’c}gitrgc%#sat%a
substr at e exgnd sfgemefges83raddbBotovarddgubstrate left side edge

46 and have a common connecting bar 71 connecting the

opposite ends together to form the inductance means 60.
20 Each bar 70 forms an inductor 69 so that inductance means

60 includes a plurality of inductors 69 connected in

parallel. Bars 70 are selectively removable to change or

adjust the inductance of inductance means 60.

A first terminal designated 73 includes a first
25 terminal portion 75A extending on substrate first face 44
from connecting bar 71 to substrate left side edge 46, a
second terminal portion 75B connected to and extending
from first terminal portion 75A across substrate left
side edge 46 to substrate second face 45, and a third
30 terminal portion 75C connected to second terminal portion
75B and extending onto substrate second face 45 opposite

first terminal portion 75A. A second terminal designated



85, and a rect angul ar second conductor 95 nobunted on 20 substrate second
face 81 oPfYO¥788%irst conductor 94. First conductor 94PGEUSIsatEmd
conductor 95 are each made of a'thin, low profile flat conductor. First
conductor 94 has a U shaped cut awayhé)ortl on open toward top edge 84
form ng capacitance neans trimarea 98 that is 25 selectively trinmmble
with a | ase tis dwngsd &y adjxe:&tapacithﬁceamaeht«aamdmfct@&pa&a tance neans
76 ctan means 77 R%s a rectang %Iar conductor 100
0555 Ea0s Lo

of a thin, 3BRFFFTi FOed‘f %t mSaAte§9GS He substrate first

face 80 connect ed to and 30 extendi ng fromthe capacitance neans first
conduct or t oweRalf ¢ el s isdw ate Feftireksde 7ed@e addthlexduct ance neans

conduct or has .a U s ed. cut. a ortion o en t.owar d .the substrate
top edge 82? afﬁj”f%ﬁf%?%%c e%amgy"fﬁ?nicesona 6 i3"Shown witha 10
area 103 t adpdcitsiceinemty 16| amdbaie mﬁbcaaha&emehnscnangm or adjust the
i nduct ance of i.nd rnlnal desi nated 103
i ncl udes a4 L%%’al%%’f?ﬁe 1—6%,@§§t§n§?ﬁﬁt t}§lsrtalféclel * face 80
fromi nductaammsSmmumme 19D cbppssbsér ahesitefftac@ @9,edgasit a
second term.,nal portionh 105B necé ng ext endi nggfrfégﬁi rst term nal
portion 1054 st?eﬁ%g eriideqe 889@ 8223t §OPuFEERa fd face -
81, and a ithénd @d&&aspmtrm&%ﬂsﬁnsﬁﬁbwat@ $eBopdrital @7 portion
105B nd ext endi ng@g}}é} substr te éecond ace 81 oppaosite first term nal
iR %e

por ti oh? 105RV1R% FynaRRBdL§8% FEILoFIednsy teRe Tddbici t ance
nNeans secordgeo vl chaieriths aﬁ&c&ﬂéﬁﬁbé@r&b@ Bybsbhakagel g5t s&lc@etqaa@&e 83.

The device is a,d ust ed .usi ng er trimto a precise_frequency byaservo
Tirn o e ARRRITSRT D FUars Fr oPORGPTnBAGE Bt BUE SAP e

i nduct anceeaira_;@/ @9 YA taarmw émlaérmd kas th@qﬂﬁm@tsemmn
continuous | aser trimarr I eggs itself to automati servo contr ol

trimming. Plgﬁﬁ??ﬂ?%ﬂﬁﬂﬁ? ofREnEab- E1ghkKk e8FRc 0t TPF®Sudi ng
vari abl® cgpaenidaRERUIRRIS g@ and vari abl e i nductance neans 77. The above
descri bed resonators have been found to operate in a frequency range of
about 4.0 to 6.5 GHz. , .
Capacitance means 76 has a rectangular first
conductor 94 mounted on the substrate first face 80
adjacent to substrate right side edge 83 and bottom edge
85, and a rectangular second conductor 95 mounted on
20 substrate second face 81 opposite first conductor 94.
First conductor 94 and second conductor 95 are each made
of a thin, low profile flat conductor. First conductor 84
has a U-shaped cut away portion open toward top edge 84
forming capacitance means trim area 98 that is
25 selectively trimmable with a laser to change or adjust

the capacitance of capacitance means 76.

Inductance means 77 has a rectangular
conductor 100 of a thin, low profile flat conductor
mounted on the substrate first face B0 connected to and

30 extending from the capacitance means first conductor 54
toward the substrate left side edge 82. Inducténce means
conductor 100 has a U-shaped cut away portion open toward

the substrate top edge 84 forming inductance means trim



Al t hough the(ﬁresent i nvention has been.described with a certain degree of

parti cul aMQ@ $#/57387 | s understood that the present di scl osur ePdTASSIsAEs32NAdE
by way of example and that changes i‘n-details of structure may be nade
wi t hout departing fromthe spirit thereof, VWHAT IS CLAI MED I S:
1. Aresonator for an electric oscillator conprising: a

substrate haveagléppsded fiis stelantisedond fiauehlami tteansldser nbant i ng
said substr bst antj.all.y .Qrt t C
EhandUOBLA A e NNR A Uk Sl ERle MRS 77

capaci‘tance neans on sai‘d subs nce neans naving a first
conductor on said first face and a second conductor on said second face,
i nduct ance nmeans havi Bg fdnsti terodmduc tdes igmatmidl ¥43 sindlardesomnect ed to

said first c . r Ng GyelnN idy t e S ri es
with sai g choBsPr baEnnadl SRECIUN TSN G B RA0E HIeSET
cl ai m 15 whfaee n8faifcomndnduarteacee aesnss doordwxtdyy 10 (o adubbytvdtspaced

conductive , Id S kel ng i ntercqonnected alq a fi end of each
bar and intggignﬁggFegg Foﬁ%'agsgggﬁ d@%&%ﬁlﬁéiﬂPqé§%°%xﬂéﬁ%ars bei ng
sel ecti vel ycommegtibte too agldargd enlid nign duretra rfier sof  tssarindi ri aild ysd @inien neans.

"ncl udes. a TosauabEoRS muleiach Lets stastatst Bt S AR ed port i on
bei ng tri madtendofaebangé,t hed adabtiadc ¢ eaiminald poxhictraridEsdreans.
10 connected to second terminal portion 105B and extending
onto substrate second face 81 opposite first terminal
portion 105A. A second terminal designated 104 is formed
by the capacitance means second conductor 95 adjacent to

the substrate right side edge 83.

15 The device is adjusted using a laser trim to a
precise frequency by a serve turn off. The capacitance
is trimmed first for power output and the inductance
and/or capacitance is then trimmed for frequency. This
continuously laser trim arrangement lends itself to

20 automatic servo control trimming. Figure 22 shows a
schematic of the L-C tank circuit including variable
capacitance means 76 and variable inductance means 77.
The above described resonators have been found to operate

in a frequency range of about 4.0 to 6.5 GHz.

25 ' Although the present invention has been
described with a certain degree of particularity, it is
understood that the present disclosure has been made by
way of example and that changes in details of structure
may be made without departing from the spirit thereof.

This Sheet Has Been Replaced

T L

REPLACED




4. The resgnator as set forth in claiml that operates in the frequency
range of bBA¥SAED to 6. 5 Gz . 5. The resonat oPCHESISIST20r t h
inclaiml y 12 wherein said first
conductor has a plurallty of tabs connectpd thereto, said-tabs-being -

selectively renovable to vary the capacitance of said c neans
6. The resonator as set forth in claiml wherein said f rﬂlm H" ”mi
a U-shaped portion, said U shaped portion being selecti

vary the Caﬁﬂ££t§$C81ﬁ§m§ﬁ' géapaci tance neans. 7. The
resonator as set fort a|n11 wherein said capacitance neans includes

a discrete surface nolint @apasichertorfittredrore sstttristibsdainl katox sai d _
substrate hgémgrxggngonnecting said surface nount capacitor to said second
conduct or . * 8. The resonator as set forth in claiml wherein

sai d nounting nmeans iacBuhetratﬁaha@ﬁt@nwpppéqdnﬁfﬁétlamm5$e@¢mdadapted to

fit into a fécesl glmeans for mounting said substrate
5 substantially orthogonal to an oscillator board,

capacitance means on said substrate, said

capacitance means havihg a first conductor on said first

face and a second conductor on said second face,
inductance means having a third conductor on

10 said first face connected to said first conductor,
thereby connecting said inductive means in series with

said capacitive means.

2. The resonator as set forth in claim 1
wherein said inductance means is formed by a plurality of
spaced conductive bars, said bars being interconnected
along a first end of each bar and interconnected along a

S second end of each bar, said bars being selectively
removable to change the inductance of said inductance

means.

3. The resonator as set forth in claim 1
wherein said inductance means includes a conductive
‘substantially U-shaped portion, said U-shaped portion
being trimmable to change the inductance of said

5 inductance means.

4. The resonator as set forth in claim 1 that

operates in the frequency range of about 4.0 to 6.5 GHz.

5. The resonator as set forth in claim 1
wherein said first conductor has.a plurality of tabs
connected thereto, said tabs being selectively removable

to vary the capacitance of said capacitance means.
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osci |l | ator_ board forl ||Imc”ﬂ"llmmmmltca{ i on. 9. A resonator

for an el ¥ABE3Yscill a di elPEIIUSI81HE3DSt r at e
havi ng opposed pl anar” fi‘r st bl ahar sécond faces, and a tab extending

al ong an edge adapted to fit |nto a slot1Bn an oscillator board for
nounting said substrate orthogonal to said oscillator board,

I nduct ance neans on sé&i dThersésémabohazsnged [fbutdl inhy cdeiparlal | el spaced
bars of co r beLng.ipterc e | on i rst
end of eacﬁH%%%éandﬁgﬁietg%%%egégﬁggfgﬁgﬁégs8c§ gkgﬁgﬁ %%ggéﬁ a%é§6L031te
sai d f|rstUﬁxhapﬁdcpdeBOMébﬂgnge$ebettéV9ly trimmable to vary the

13 renovagé%f()zungf %Qf | %@ &f@g?cgf?aald | nduct ance neans, said

i nduct ance ans 1 TSt rm na 8oﬁhect|on in an OSC|IIator

circuit, and Th§a§@§$ﬁ§€g ﬁ%%ﬁogﬁi %u%ﬁ gkﬁ connected to
) BES

sai d |nductance neans “ sai d ‘tapaci conductor on
sai d f|rstwhmnexnuhaudunzpmbrimmhetmmans $ﬁcduaesoaddhacegtsald first

d h I I f b ' dth d b
ol oot vel FFARRAAR b aRs tief RadRreares sr B ekBesdast AR neans

sai d capacistadnt esutesiimsattavhay a vsmomlnneu:ﬁingl shag sumfactel mount said

oscil |l at or C|rcut t d § Eator for an electric oscillator
conpri st ngFapacitor to sa%icﬁ%ﬁ%ﬁgr?%n bsPFate having opposed pl anar
first and planar sec aces tab exte fro edge of said
substrate adapted to ?n??%ﬁ% %§Elﬁsaﬁeg ?PFth 8 g nmount i ng

‘sai d subst whtesrein Sald mountlng means includes a tab extendlng from
said substrate adapted to fit into a slot in said

oscillator board for uniformity of location.

9. A resonator for an electric oscillator
comprising: '
a dielectric substrate having opposed planar
first and planar second faces, and a tab extending along
5 an edge adapted to fit into a slot in an oscillator board
for mounting said substrate orthogonal to said oscillator
board,
inductance means'on said first face having a
plurality of parallel spaced bars of conductive material,
10 said bars being interconnected along a first end of each
bar and interconnected along a second end of each bar
opposite said first end, said bars being seiectively
removable to adjust the inductance of said inductance
means, said inductance means having a first terminal for
15 connection in an oscillator circuit, and
capacitance means on said substrate connected
to said inductance means, said capacitance means having a
first conductor on said first face and a second conductor
on said second face, said first conductor hav1ng a

20 plurality of tabs connected thereto, said tabs being
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orthogonal to the oy - I nduct ance neans on said
first fackOP¥Ergui namu"mﬂﬁ“mﬂm an)ar al l el spaced bars oPCEUSSRILSY e
material, said bars bei fig Fnt®rconrtected along a first end of each bar and

i nterconnected along a second end of eacyybar opposite said first end, said
bars being selectively renmvable to adjust the inductance of said
i nduct ancese®ant i vediyd femdvatatc & eary v eppadi tance ep fi aalidf or

connect| O“cégaéﬂtgﬁ%' bl s CidGY tcag;?a[tditance means ha&%??%tggﬁnﬁea“s
havi ng a distrete surface nount capacitor nount e on sal firs ace and
connect ed termandgli fdurciconye dhiars,ins & alldapsel t ater nebneuhtivi ng a second
termnal for connection in said oscillator circuit. 11. A
resonat or conpri si ng;lO. A resonator for an electriciascillator a

substrate ?8%%?95985959(1 planar first and planar second faces, and a tab
ext endi ng an edge of said substrate adapted to fit into a slot in an
oscill ator board foramddstlienfrsia suhaistate cravinpprdsed phanascil | at or

board, : [ sal [ N U- shaped
portion of fjéf)% u%?ldvgl%a%(eilr %acc,%nrsggliaft}sclioé;'haa%{e% Jpo“iat{:\tlS oén’?%%%gx#rlgﬁsrrﬁbl eto
adj ust St hean neldgéaafe safids sl sitchict eadap rerhnsy &t dintoluzt abct @eans

havi ng a fjrst_ternipal r..C ction..n an oscill.ator_circuit, and

capaci tancaelr1 n%%ﬁ%ig‘ﬁlaggi g»% Eggﬁa ténoc%’r#‘?‘&q ésd“t% ss%ﬁ%tfan%ct ance neans,

sai d capacoteincgoneansoi mbleudisty 1d afdorstbazordjuct or on said first face
formng a capacitor {rat plalendecond conditar on.oad-pegond face
form ng a capacitor 3econd plate and a capacitor dieleciric Torned by said
substrat e yetaephuraildtlyi ot pardldedosp gt enrsafl dondwctineuct or havi ng

vary ho cHCEH Shee SRS R RS IR 8 oS AL s
havi ng a semdndfteachnblrf andcomiectdormeaoteshialorsrid |secondi endi 6£
each bar opposite said first end, said bars being
selectively removable to adjust the inductance of said
inductance means, said inductance means having a first
15 terminal for connection in an oscillator circuit, and
capacitance means having a discrete surface
mount capacitor mounted on said first face and connected
to said inductance means, said capacitance means having a
second terminal for connection in said oscillator

20 circuit.

11. A resonator comprising:

a substrate having opposed planar first and
planar second faces, and a tab extending from an edge of
said substrate adapted to fit into a slot in an

5 oscillator board for mounting said substrate orthogonal
to the oscillator board,

inductance means on said first face having a U-
shaped portion of conductive material, said U-shaped
portion being trimmable to adjust the inductance of said

10 inductance means, said inductance means having a first

terminal for connection in an oscillator circuit, and
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12. An electric osci | g: . an oscillator board,
an osci | | X{QP8/F7a8%r rmﬂ ﬂg [B ‘I Eﬂmd oscill ator board, andCT/Us98/11832 a
resonat or nounted on’ board i nsi.de said oscillator cover,

said resonator including a substrate hav'g?g opposed planar first and planar
second faces orthogonal to said oscillat board, _ i nduct ance
means on said first feapacibince rmeghanon swdds shbdsitrgte fdonsledteydri nal for

connectionga)égﬁéifﬁaﬂéééﬁég *%?%%ﬁugggﬁcgaﬁ8§ﬁ§an§§iH%% aci tance nmeans on

sai d substrate connected to sai aci t ance neans
havi ng a fiimstlusbimduct ofipel atdrducosadd Saist first face forming a

15a ac 8ean { paJs a, o said first face and a

di el ec%%i c%baé%m%en sgfllg # i :@[%%’daése%:%ﬁén§oﬁaﬁsflg}:8? SR §3¢n56CPR%e neans
havi ng a sdased fogmuingla faspamitect secohd pakedeoand katapakdaoe

13. The osg.llat ; ¢ [n. claiml2 . wherein said,i,nductance neans
has a pl ural'letl;a/e %rlggréaq%%d)é%c%%’%a?%bﬁér %ﬁdﬁgg GENELAF gll,rsgai d bars
bei ng I nt ernchseciord glatps fsaid fhrsof ceadichor haeihgt ar veghagkad al ong
cel oot vel JOFEHSTaDI S b GRS HET TieR: BRiB9ore L8P RNCt ance means.

14. THO osctirliketatnl eastcs atarfyorttHe idhpd@i?aﬂaedw/ﬂe.ggiia &abg;ﬁrigﬁ@gagca rrﬁansd
has a substantially . shaped portion of conductive material,  sai shape
portion belng Ki%éﬁék? (#%ﬁ%%iﬁetWﬁ??ﬁd%%YéﬁgeaoFegaP terminal

for connection in said oscillator circuit.

12. An electric oscillator comprising:
" an oscillator board,
an oscillator cover mounted over said
oscillator board, and _

5 a resonator mounted on said oscillator board
inside said oscillator cover, said resonator including a
substrate having opposed planar first and planar second
faces orthogonal to said oscillator board,

inductance means on said first face, said
10 inductance means having a first terminal for connection
to said oscillator board, and
capacitance means on said substrate connected
to said inductance means, said capacitance means having a
first conductor parallel to said first face, a second
15 conductor parallel to said first face and a dielectric
between said first and second cohductors, said
capacitance means having a second terminal for connection

to said oscillator board.

13. The oscillator as set forth in claim 12
wherein said inductance means has by a plurality of
parallel spaced bars of conductive material, said bars
being interconnected along a first end of each bar and

5 interccnnected along a second end of each bar opposite
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I nduct ance neans The oscillator as set forth in claim12
wher ei n s‘ﬁp(?s‘lsﬁ'sgt MU l"ﬂ@'ﬁ lurality of tabs conneBCEASPSIENSEL O,

sai d tabs being sel ec e‘to vary the capacitance of said _
capaci tance neans. 16. The]Q§ciIIator as set forth in claim12

wherein said, st cond ctor. as a U-shaped portion, said U shape ortion
beinglsele%?+%e¥§r§F| | &3 gﬁfﬁ Fﬁ@lgb %Q#ﬁx§%ﬁ éﬁﬁ%véﬁgg g?gnce

neans. adjust thelindliktane ldfatseli BInRictaidd) mdawsai m 12 wherein
sai d capacitance neans includes a discrete surface nmount capacitor nounted

on said first face and. The oscillator as set forth 1nléia1m s2id
substrateigﬁs a, V|a G nnectln sai d capagitor to said second erm nal .
S

18. The osth¢¥eiprsad Gen M&A%Sm, Bih& PSR L/biY it e

i.ncl udes asﬁﬂbeﬁxbﬁﬂdhbﬁ b&et@hﬁ@mna@dm"aadéh@w |dtpru-bsipsgedas a sl ot

therein, said subsirate extending through_ said slot to nt said
resonat or RYF&LPH B?&PHI%F&Fmﬁggﬁd to”adjust” the inductance "ot"'said

5 inductance means.

15. The oscillator as set forth in claim 12
wherein said first conductor has a plurality of tabs
connected thereto, said tabs being selectively removable

to vary the capacitance of said capacitance means.

16. The oscillator as set forth in claim 12
wherein said first conductor has a U-shaped portion, said
U-shaped portion being selectively trimmable to vary the
capacitance of said capacitance means.

17. The oscillator as set forth in claim 12
wherein said capacitance means includes a discrete
surface mount capacitor mounted on said first face and
said substrate has a via connecting said capacitor to

5 said second terminal.

18. The oscillator as set forth in claim 12
wherein said substrate includes a tab extending
therefrom, and said oscillator board has a slot therein,
said substrate tab extending through said slot to mount

5 said resonator to said oscillator board.
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