2047491 OSCI LLATOR W TH MODE SUPPRESSI ON APPARATUS Thi s venli ona.i s - ,_ :
concer ned generally with oscillators, and nore particulé?Ehu;% qy sona o
~gscillators that generate a signal mnthln a sel ected band of - frequenC|es :
~havi ng no unwant ed or ‘spurious outputs above or below the 5 sel ected band.
“frequencies. A typical resonator oscillator will oscillate not only at the -
f kequency for- which it was designed, but also at certain harnonics. and o
~ sub- har noni ¢s “of "t hat frequency, pl us ot her .spurious frequencies.. To
<separate the desired 10 frequency fromthe others, various node
suppr.essi on techni ques have been enployed in the past. These

t echni ques:.i:ncl udé: resonant traps to suppress each unwanted frequency low =

pasS-traps for frequencies below the desired frequency; and post oscillator
. filters. 15 Each of these’ approaches is alimted, inconplete, solution to

the problem The resonant trap approach requires that . -2- each of the
unwant ed -frequency nodes be identified and_a.separate-filter,be rncluded
inthe circuit to suppress each of those nodes. This results in the

addi.tion of a large number of additional parts which-addition quickl'y’

i.-ncreases 5. the resistive.loss in the crrcurt The Iom1pass trap '

approach whil e reqU|r|ng fewer
: -1-.

os‘cILLAToR WITH MODE SUPPRESSION APPARATUS

This invention is conCerned'generally ﬁlth'oscillators,'f
and more partlcularly w1th resonator oscillators that
generate a signal w1thin a selected band of frequencres'
.-having no unwanted-or spurious.outputs above_or.below the
"”3.5”_'se1ected band freouencies. _ | ) l
A typical resonator oscillator w1ll osc1llate not only
at the frequency for whlch 1t was de51gned but also at
certain harmonlcs and sub-harmonlcs of that frequency, plus
other spurious frequenc1es.' To separate the desired
10 frequency from the others, varlous,mode suppression techniques
have'been-enployed-in'the-past;ﬁ These'techniques'include:r-
resonant traps to suppress each unwanted frequency, low pass
traps for frequencies below the desired frequency, and post
f oscillator fllters._-" | . q
lSq'Each of these approaches is. a llmlted, incomplete, solutlon

- to the prpblem,_ The resonant trap approach requlres that



'tronaI parts than the resonant trap approach ‘only renoves the

i red.nodes bel ow the desired node. There i's no siippression of the
or frequency modes. - A Pierce 10 osciltator of the type described on. ;-
P 70 and shown in Figures 7- % on page 59 of C}ystal Osci | | ator Desi gn
~and ‘Tenper at ure Cbnpensatron Dy“Marvin E. Frerking, is illustrative of this:
‘type of node suppression.  Post oscillator filters, whi | e of ten. providing a«ef
15 satisfactory solution to the problem probably more often than not do :
net pressathaoiathefoﬁwantéaﬂf&equenc}hmooeuﬂbﬁIldéntbfseaohnaren COImes -
when the desired frequency node i.s weak and is domi nated by -one or nore

st rongerselpaaated fildexr be Mmo]iydedl aw thled circdimttot suppress 2&cH i kel vy
that the node we are interestéd in will be the weak. node. To overcome the
.short conbfigshokeemoded. t heTlboveesudtsi dnedthe cdd Hken offie acilanget of the :
osci | l.at or f eedback path shoul d be such t.hat the phase of -the - AR
'feedbmﬂmumhenlofSaddiﬂinnalcphytéowhachaaddiﬂmnniqmitkégudmcneasdsch "uffﬁ

i ncl udes -3- the desired frequency. . Through the use of such an I
- appr¥achthenyesistdreoflasswain ethescikiatiton. nodes bot h above and bel ow the
desired osci'llation frequency: coul d be supressed success- fully. 5  The-

:-present |nvenThenlpME$ass;tmap appappchacWhile requiring fewer

additional parts than the resonant trap approach only |

removes the undesired modes below the deSired mode. Thered

~is no suppreSSion of the higher frequency modes. _ A-Pierce" o
) 10 osc111ator of the type described on page 70 and shown in-

'Figures 7 2 on page 59 of Crystal Osc1llator De51gn and

'Temperature Compensation by Marvin E Frerking,_is_

illustrative of this type of mode suppreSSLOn.
Post oscillator filters, while often prOVLding-a*"
_15 :satisfactory solution to the problem, probably more often
| "than not do not present a satisfactory solution. dThe*'
downfall of . this solution comes when the desired frequency
'mode is weak and is dominated by one or more stronger )
“'5 unwanted modes. Murphy s law tells us that lt is more.
.'ZO_,liker that the mode we are interested in w111 be the weak
o mode.: | | | . o y
_ To overcome the shortcomings of each of the above--#- _
'dmentioned techniques, the circuit of the oscillator feedback
path should be such that the phase of the feedback 51gnal

25 is 180 only for a narrow band of frequenc1es which includes



The present invention provides a si gnal oscillator with node suppre55| on
apparatus for linmiting the frequenC|es of oscillation to a selected band ¥ ~
frequenci’es, said apparatus. conpri sing inverting anplif.ier nmeans having s
I nput. -means and 10 out put neans. and signal feedback means, for providing a-
[err] phase shift in the selected bamd P‘freque30|es sald Elgnal feﬁdback

ns i ncl udi ng ¢ tal resonator nmeans connected . in series between e
, Fﬁﬁut andqgﬂwﬁé %%éé freqpRRCY My er Thipughpl the cisepafis sieh @oanprepch,
“relatively stable oscillator 15 _output. signal; and first-and second shunt-
reactive AEANOY En@ﬁr%%%?ﬂﬁeésEﬁﬁtildﬁiQﬂnﬂﬁﬁ%sth@tbeﬁbﬁ¥ﬁiqnﬁubQ%fW |
- frequen- S sald I TSt reacti ve neans haV|ng one end connected to
theqihput%hgaﬁ?ﬁﬁr? ﬁ%i& i encheerldshe sypresgad sugress-
_reactive Eeans haV|ng one end connected to the out- 20 put .neans of the
“inverting gﬁBM‘fler nmeans, the other ends of the first and second shunt

t ans connected ope to _the other | east. - one of .sai.d flrsf_f
;ﬁgcsle\égngeshur# ‘ﬁ%t n%%ﬁ?ng &9Pn &*: §sreé§'tﬁ1a?1‘ﬂgl?aﬁﬁ gPPIQach-sai d -

TR o P A R BB R  EL zgéf%aaﬁ@%&rzs%
G o e RO BER R ChONE P HERRS 4057 PGS R RSl
_ apparatuso@%iiﬁ%ﬂiﬁﬁrtoratggle8§5dpbgﬂﬁmd¥3frequencies, said apparatus
compriSing inverting amplifier means haVing input means and
'ld_output means and signal feedback means, for providing a 180
| phase shift in the selected band of frequencies, said Signal
'feedback means including crystal resonator means connected in-
"series between the input and output means of the inverting
amplifier means for producing a relatively stable oscillator.
' l5'output signal, and first and second shunt reactive means for
'suppressing oscillation outSide the selected band of frequen-
.Cies, said first shunt reactive means having one end connected s
to the input means of the inverting amplifier means, said sec-
vond shunt reactive means having one end connected to the out-
ZO'put means of the inverting amplifier means, the other ‘ends of
-the first and second shunt reactive means being connected one
o to.the other; at least one of said first and second‘shunt
reactive means haVing a resonant tank circuit, said resonant
.tank circuit having a reactance value such that for each ..
25 freguency outside the selected band of frequencies at 1east cne:
. of said first and second shunt reactive means has a reactance
value of the same sign as the reactance value of the crystal

resonator means.



-

- paragraph, it is preferred that one of said first and: second shunt- reactive
‘feans i ncl udes” a parallel resonant tank circuit and the other of said
' 5t and second shunt reactive 5 neans includes -a-. series resonant tank
cuit. I'n the apparatus as set forthdim the last precedihg paragraph,.
IS preferred that said parallel resonant tank circuit. has a resonant -
frequency, [er1d ené appanaﬁuélas sesoﬁemthtamkthewﬂastrpmeaeﬂeggt|ve"__ j
‘reactance above f- 10 and. & positive reactance below [err} and said seriées =

 .resonant pafdgrapk i i this prefmneed thatueney diersdidnfisstdasdr sesond
.. resonant tank circuit has' a positive reactance above fand a negative
“react anceshel pvrédct iged meesmnanicIndesenai eparalie I eregonanknicagksai d-

~sel ected band of frequencies: 15 1n the apparatus as set forth in.the.
| ast pr ecediewipaandr shle, dthel ofiyssidséisstedand srcordsshunt readgtive -
_causing said crystal -resonator means to assume a positive reactance val ue

bet weers [mears aimcludep amdrSeresrreapuantot@mhas¥¢¢unthe Col pitts or

Pi ece configuration between frequencies f 20 and f2. Alternatively, f2 is
sel ected to belhethet ma[r@qu asusehgfoath dnydthe les%narepeﬁe% to .. -

' assune a’‘negative. 25 5-- ‘reactance val'ue between [érr] and [err] .and = .
t he oscHPaﬁﬁmrﬂbhopé#a@§|B¥Qfﬁ¢¥9@tFB?tcéﬁHQyBQﬁﬁt#P%eF apke |es.

[err]_ _c1rcuit has a resonant frequency, fl’ and said parallel
"lresonant tank circuit has a negative reactance above fl
- 10 and a pOSitive reactance below fl' and said series resonant
tank circuit has a resonant frequencv fz, and said series
._-resonant tank crrcult has a positive reactance above- f2 and
“ha negative reactance below f2' said resonant frequenCies fl
_.and fz defining said selected band of frequencies.; L
s In the apparatus as set forth in the last preceding
'.pparagraph, fl may be selected to. be less than f2 cauSing
said crystal resonator means to assume a posrtive reactance
;value between f1 and f2 and the oscrllator to operate in
'l the Colpitts or Piece configuration between frequencies fl
'2° and.f2- : Aiternatively, £, is selected_to”be less than

B

4 -causing said crystal rescnator meanshto'assumejaﬂnegative'

25



In t.he apparatus as- “set forth in the tast preceding 5 par agr aph but e :
three, it is preferred that one of said first and second shunt reactivs S
neans i ncl'udes a tank ‘circui't being:a conbination of the series resonant
*tank circuit and tHe parallel resonant tank ¢ircuit; the other of said

- first ‘and second shunt reactive neans—i Bctudes 'a 10  first non-resonant.

reactive circuit; -and the-tank circuit configured as. above defined having'a
-.sgfl es re’é%hg‘hﬂnﬁﬁeq@éw@/ hetweenafal pad Ffosandhithe pehblatenese frequen-
cies defining the band of frequencies, between.which oscillation is e
-possi bl e.cRgFate in the tﬂ?értakgnre@mélasrs*étlonohﬂwsen herequengiesedi ng
paragraph, it is _preferred that the tank circuit conprises a_ series
resonant ﬁpa@@ﬂvglcerU|t path in paraIIeI with a second non-resonant
reactive circuit pa . I'nthe- apparat s set forth.in thel ast grecedlng

* 20 _paragr aph, tB RPRATAHT 35 t REE gﬁ€t§eFﬁb§ﬂF%sHﬁ%5tPF§S§@

circ t path co es an i nduc connecgted in series wt apaC|tor :
T O oparastebh. bk Whnaey Ho 48 PReFepred shat ﬁ}%@gpﬁuﬁ T

preferre ha% sai.d’ sec n resonant 25 reactiv. IrCUIth -
conprise nﬂﬁétéﬁc f¥?§?tﬁ8ﬁ P@?@ﬁhﬁP9¥¥é%$v% ERREUI t

ook nor e SRRE el o SortPuADE SRPBETHR SeiriX ulfulhE LaSk
circuit and the parallel resonant tank circuit, the other
of said first and.second shunt reactive means includes a
-lo first non—resonantireactive circuit, and the tank circuit
configured as above defined haVing a: series resonant |
'_;frequency and a parallel resonant frequency, these frequen- B
cies defining the band of frequencies, between which
. oscillation is possible. : R I '
"15 o In the apparatus as set forth in the last preceding
N 'paragraph, ‘it is preferred that the tank circuit comprises _“
a series resonant reactive circuit path in parallel with
a second non-resonant reactive circuit path |
_ In the apparatus as set forth in the last preceding
'.20 .paragraph it is preferred that the series resonant reactive
o circuit path comprises an inductor connected in series With
'.a capacitor. | | : |
| | In the apparatus as set forth in the last preceding
fparagraph it is preferred that said second non~resonant -
- 25 reactive circuit path comprises an inductcr- and said first

non-resonant reactive circuit ccmprises a capacztcr.



1aragraph ‘it is preferred that said second non-resonant -reactive circuit
N1 conprises a.capacitor: and said first non-resonant reactive circuit
Prises-an inductor. 5 _ In the apparatus set forth in the 1ast
gcedi ng paragraph but- four, it is preferred that the tank circuit
eofiprises a parallel resonant reactive circuit path in series with a second
non-resonant reactive circuit path In ‘the apparatus set forth in the IastyJ
-precedlng 10 paragraph, it.is preferred ‘that the paraIIeI resonant
: active circuit path: conprises an-inductor connected in parallel wth a :
-'capacrtor I'n-the -apparatus set forth in the | ast precgding paragraph,
s preferredtﬂnutherdPBéGBhﬂSndmh%inﬁthnlQStheeéésﬁv@nﬁ mgpath
~conprises an inductor; and said first non-resonant reactive circuit-
~ conpri sesaé:asarrmhx oit is. prefegpadathntesaidr sacond: m@n-a':sescpmentdu ng
.- paragraph,. “i's ‘preferred that said second non-resonant reactjve crrcurt i
" path conﬁﬁ acdiive bpenibr pashd coMRr ¥5es 12 20apagitogsomnd sakdtive - '
- circuit conprises an inductor. In accordance with the preferred enmbodi nent,
~ the pr es@ﬁ{rﬁﬁimn'rwqménﬁd€§a§|#¥‘4ﬁ/e?%ﬂ%l'énﬁmpréﬁe§n@rh ¥nAyeteR.- pat h-
bet ween the i nput and-out put term nals of the anpllfler Thi s feedback
" pat h?i ncl udes J%é?h%saPBQEFFVE set donihtinnthae ﬁéﬁnﬂﬁe%dﬂ%t al =

resonator and a pai.r of - shynt. react’ive el'enents one end of each.’ belrrg
connecte&aFégraP but four, it is preferred that the tank circuit

'comprises a parallel resonant reactive circuit path
:in series with a second non-resonant reactive Circuit path.
| | In the apparatus set forth in the last preceding '
lC;*paragraph it is preferred ‘that the parallel resonant
.reactive circuit path comprises an inductor connected in
”sparallel With a capaCitor.
| In the apparatus set forth in the last preceding
paragraph, it is preferred that said second non-resonant
'lSI_reactive circuit path comprises an inductor, ‘and said first
3non-resonant reactive circuit comprises a capaCitor.,

In the apparatus set forth in the last preceding
paragraph, it is preferred that said second non-resonant
reactive circuit path ccmprises a capaCitor and said firstl

_ZQ_ non-resonant reactive Circuit comprises an inductor.
| | In accordance with the preferred embodiment the .
':'"present invention includes an inverting amplifier and a
--feedback path between the input and output terminals of
'pthe amplifier. This feedback path includes a series reactive

'_f25 .element in the form of a crystal resonator and a pair of



s_..—' ) .
‘the two ends of the.crystal resonator and the second ends - of the shunt
. el enents beindg connected together to forma common line. 5
.are two basi.c embodi nents of the present inven- tion.  They are a two ar me.

‘“bandpass node suppriession confi.g- uration. In the two-armconfiguration-
-one- of the shunt” reactive el enents |ﬂCﬂUdéS a parallelresonant tank and. the
econd of the shunt reactive elements includes a series res- 10 -onant
~tahk. - Each of these tanks. have a resonant frequency * ~ - at which the
Sign’ of the reactance of the tank switches frompositive to negative. . By
‘the propeshunsi ceasttive eheénentsf onke epdpaf teach dpeirgdgonpestied dawh of
‘these:tanks these two resonant frequencies can.-be made to define 15 = a
band of ftb@usmsespdﬂngiahbeacrysbéﬂw@ssqnﬁtnrtamdftbs spgord@nds
provides a _phase shift of .[err]. In the one-arm bandpass node suppr essi on -
conf i gur aPfoffhenshamt relementscbeingt somnegtelstegabhereson O™ ahct i ve.
circuit, while the other shunt el enent includes a resonant 20" tank with
both a seFP@@Q&ui%P?muaJlel r esonant.. pat h. In this configuration the
"series resonant frequency and the parallel resonant frequency of that. shunt
el2nent def i ne. THRESARP EWor Bagdfcpmbodimanthieh the Praseat iiaven-
" possible. Each of - these configurations lends itself equally .25. to.both
the Col pi £#8Nor - PmQQXa%F% &h PBFFWeP ags;mpde squr3551on config-.

'_uratlon.' In the two-arm configuratlon one of the shunt

.reactive elements_lncludes a parallel.resonant tank and tne'
_.second of the shunt reactiue-elements-inciudes-a series res-'
‘10 _ ‘onant tank. Each of these tanks have a resonant frequency
:at which the srgn of the reactance of the tank switches
from positlve to- negatrve. By the proper choace of the
f'values of the capacltors and 1nductors 1n each of these '
_tanks these .two resonant frequenc1es can be made to deflne
-tl15r'- fa band of frequencies substantlally between whlch the feed—
_,back path provides a phase shift of 180 oo o
In the one-arm bandpass mode suppression conflguratlon
_.one of-the-shunt_elements“includes a:non-resonant reactive.
-circuit; while'the other shunt eienent'inciudes~a'res0nant
-20 : tank w1th both a series and a parallel resonant path.- In
.this conflguratzon the serles resonant frequency and the
. parallel resonant frequency of_thateshunt element_define._
the band of:frequency between which3oscillationais'possibie.:
_Egch,cf these'configurations_lends itself_equally |

25 tozboth;the.Coipittsdor Pierce_and-the'Hartiey'OSCillator



g fgurations - In each of these basic osci | | at or Conflgufatlons a
ﬁ} back path phase shift [err] is only possi bl e when the sign of t he
sept es reactance elenent is different fromthe sign of both of the shunt- -

TFeactance 5 el ements. ©~ To-achieve this within the desired band of -
frequencies, - the sign. of the effecblwe-¢eactance of the shunt reactive

el enents must match in that range.” This can be achieved again by the N
_proper selection of the values of. the capacitors and inductors.that are .

used in the shunt 10  reactive elenent ‘tank circuits. There now fol |l ows a-

et ai | edceagdgiuptdtaiondi ch Ia eache oféthese tbasier osca llatidre acconpanying -

- draw ngs of enbodi nents accordi'ng to the present |nvent|oQ)and exanpl es of.-'
the prioeofftigurtatiions), ba féedbagkumidistplase hahifke 189~ iserdwliy nents of:
‘the invention hereinafter described have been selected for- descrlptlon by _fn,
way of epasp@bkyuwnun themaygnfoElmnsnseriesnreastanoon@igmemtdlamnngs -
- Figure 1.is a.schematic representation of -one. enbod- 20 - inent of the -

“cireuit dﬁf&enennIﬂrmmrthecsian@ﬂwaﬁﬁaqﬁetbetShnnsnmaactﬁn¢¢lat|ng
-only within a selected range of frequencies; Figures 2a, 2b and 2c are
 schemat i elempndsant atTonachﬁ.evhethllrscmzttl'oin Ftlgeréeﬁié'ﬁdr &andy of-a
Col pitts or Pierce 25 - 'conflguratlon at frequencies bel ow, betmeen and
~ above, frequencies, the sign of the effective reactance of the - e
',shunt~react1ve elements must match in that range; This
can. be achieved again by the proper selection of the values
'of the capacitors and inductors that are used in the shunt
io _reactive element tank Circuits. _ |
| There now follows a. detailed description which is to
be. read with. reference to the accompanying drawings of
embodiments according to the present invention and examples |
of the prior art, 1t is to be" clearly understood that the |
15 embodiments of the-invention-hereinafter described_have been
"_selected_for'description by way of example and not'by'Way |
of limitationl'“' - |
In the accampanying drawings:- |
h Figure 1 is a schematic representation of one embod— .
20 1ment of the circuit of an osc111ator according to the
--present invention-oscillating only within a- selected range
of frequencies,-" |
| Figures 2a, 2b. and 2c are schematic representations
of the" c1rcuit of Pigure 1 operating in~a Colpitts oxr Pierce'-

25 . -configuration at frequenCies below, between, and above,



tthe circuit oscillates; Figures 3a to 3e are schematic represent at i

-9- respectively, two preselected frequencies that define the band ijfﬁiyh
addi ti onal ‘shunt arnlcerU|t pai r conflguratlons that may 5 - be .

substituted for the' pair shown in Figure 1, Figures 4a and 4b are schematic

representations of basic Col pitts and-Har#l ey oscil l-ators; respectively;
- Filgures 5a-and 5b are schenatic representatlons of OSC|IIators having a.
“seffes resonator element in the Col - _ pitts and Hartley = - - . _
coﬂTlguratlons respectively; Figure 6a is a-schematic representation of an
equi v- al Greseertively, 4w preselecteffveguendirisyhhertsidefinegthphi cal -
' representatlon of the react- ance of a crystal resonator versus frequency..
15 bangj {nrvBigh Ahe ALemuiE seaplilagescircuit diagrams of two wel |
known oscillator_c¢ircuits. - Each.of these circuits includes an inverting -
anplifier 10, a EégPE§Sréﬁwi9|%&e%ﬁ%n%ﬁhemétlsnaapnsssnnati@nstoﬁe |
el ements 14, apd, 16. The shunt reactive elenents 14 and 16 have -one end .20
- connect ed ?‘%&bﬁ)ﬁ%?f"esgﬁ% F izl bspadicerpfiguaatiiions thathmayt her
eng of ea h of the %hunt reactive elements 14 and 16 is connected in common
“to”a retui I??E§§§ utedh&oruihts (bRt fRevmt A8 Fdguae rleactive el ement 12
and the shunt ctive elenent 16 is connected.to the input term .25
i'nal of the mveﬁ%ﬁeé A ang %areAﬂfahﬂnaﬁm yementatlons of

baSic Colpitts and Hartley OSClllatorS, respectively,-
Figures Sa and 5b are"schematic representations,of J
' oscillators having a series resonator element in the Col-
| iQ - pitts and Hartley configurations, respectively,
| Figure 6a is a schematic representation of an equiv-
alent Circuit of a crystal resonator, and |
“Figure 6b is a graphical representation of. the react-
ance of a: crystal resonator verSus frequency.

15 | = Figures da and 4b show simplified Circuit diagramsi-
of two well known oscillator circuits.:] Each of these
circuits includes an inverting amplifier 10, a series re-

factive element 12, and two shunt reactive elements l4 and
'f'16. .The shunt reactive elements 14 and 16 have one end

20 :-_connected-to OppOSlte_ends of the-serieSjreactiveaelement '

w_12. - ‘The other end~of'each of the:shunt reactive.elements |
'14 and 16 is connected in common to a return line 18 ~ The :f
_junction between the series reactive element 12 and the
:shunt reactiveﬂelement le is_ddhnectedfto the-input.term—

.25 'inal_offthe inverting-amplifier'lo. - Additionally, the



i
A

10. - output of the |nvert|ng anpllfler 10 i s connected to the Junctlon'
een the series reactive elenent 12 and the shunt reactive el ement 14.

ircuit configuration in F|gure 4a incl udes an |nductor as the series’ ';
gtive. 5 - elenment 12, and capacitive elements 14 and 16, maki-ng thIS a o
pitts type oscillator. Fi gure -4b hows a conplim entary circuit- '

O

wherein the series reactlve element 12 is a capacitor = and the shunt
reactive el ements 14 and 16 are i nductors maki ng this a-Hartley type A
gscillator. 10 : Flgures 5a and_5b repreéesent -oscillator circuits: ' -

whi ch ar@uﬁguﬂaﬂftthehentérpipﬂsamﬁﬂ4€#%¥e t §peconraGted e pekei vel y of -
Fi gures 4a and 4b. In each of these circ- uits; _the series reactive S
- element 3En§$knnwbﬁtﬂeﬁng§hésSﬁ&kﬂﬁjnﬁﬁ¢%$V%eEAeW@BFmi%j%ﬁ4tl%?resonatonf
;elenent such 15 - "as-a crystal .resonator. A cr stal resonat or has the .-
- vant spandf regpeivengleBend dbi t hFhe SLPEBAE FONFigHF 3 THoR 1Be
reactance characteristic_dependi ng on the tunjng.effect of t shunt

reacti veFdigmmsni4a inghudgsyam JREURteR; 3 Bher jeries Jea ?f& ®i'nstead of -
the sinple series 200 _ reactive el-ements of Figures: that it
 tyBi c-- aElemeRt dlyer§ngi SEPQCI&lV;ﬁta&@%B'ﬁe&GeﬁE‘? deénqqé’r%?i +Sship
'resultlng in a much stabl er -qutput frequen Xﬁe é | 5 6a shows a£ eqU|vaIent-'
S

“circuit ﬁorCQilR:#‘Eﬁ's% aFYPGs@ﬁ&tlérl%ﬂg b W A TR

" - resonance .25 ath. - It is thiis conbjnation’ r esqQnances a erntts .”
entary cfrcuit wherein the series reac ive element lg i P :

a capac:l.tor and the shunt react:.ve elements 14 and 16 are
| inductors:naking'dhis a Hartley type . osczllator." _.
"lO:.'..'j ) Figures 5a and 5b represent oscillator circuits which
o tare szmilar to the Colpitts and Hartley type circuits
respectively of Figures 4a and . 4b In each of these circ-
:-uits, the series reactive element 12 as shown in Figures -
4a and 4b has been replaced with a resonator element such
15 = as a crystal resonator.‘t A crystal resonator has the ad-
| .'_.vantage of - appearing to have either a capac1tive or an
inductive reactance characteristic depending on the tuningh
t effect of the-shunt-reactive elements.ﬂ .The:advantage of
rusing a: crystal resonator instead of the Smele series
-sz ':'.reactive elements of Figures 4 a and 4b is that it typic—'
| ally has a very high Q or phase-to—frequency slope relation-
ship resulting in a much stabler output frequency._*
Figure 6a shows an . equivalent circuit for a crystal ;"'

.resonator having both”a series. and a parallel resonance-”

.25 = path. It is_thisghombination of resonances that permits -




L=

_the crystal resonator to'be used as either an i nductive or a capaci tivg
reactance in an oscillator circuit. A react - "ance-versus-frequency c|
.ef the equi'valent circuit of a crystal resonator is shown in Figure 6b.>
Fromthis Figure 5 ° we can 'see that mhen a crystal Tesonator 'i-s used as
" the series reactive element 12 in. a Colgitts type oscillator (Flgure 5a)
i h acts as an i nductive el enent operatlﬁﬁ'at a poi nt. bet ween series . _
- resonance, w_ and parallel resonance, [err] -on the positive going portlon;
of the-curve ‘Thi's being 10 = a p03|t|ve reactlve portion of the curve

iigggf?gﬁso?ﬂp0|%?%tiii%%iﬁnfgg¥f¥b§56é§8§€n? e%fzﬁPeﬁP lor |§ °§ume.p
of the re”ﬁ'@@%& tfééffégétéﬁtgriﬁ'%@PHsclilé&éﬁ i§£¥ﬁl$here oggggq;;e“

used in place e series reactive

: S one (Faﬂeéevwsuéiﬁ%lﬁéeﬁﬁg Eﬁéggatog t\ﬂé s I on ?ﬁ?h grgggt %?et Or“.

and operate-at point B on gative goi ng por

curve. | gryBealcauddomateytis nsHBwhh%J TGRS Vo Hetﬁ&llas ‘E‘g.]gufrﬁ

resonator has a capacitive reactance odlnent

pr es®nt |nwentaﬁnsee=tna%1WKeﬁ”suéﬁ%$ta1 P@%dﬁ%&é&f&@fugégcattt @pi cted

inthis Figure is simlar to those shown in Figures 4a an re the

seri es reageriesehremitivid éFedR¥N12Sia arxsa itEs Qfoséiilfa@% hU”t

reactive el ements 14 and 16.. are shown 25 spectl ely as para
reactive (Figure 5a),_1t acts as an inductive element operating at

"

a p01nt between series resonance, w

s and parallel resonance,-

-.'wé, on the pos1tive going portion of the curve. | This being _
- 10 | .a p051tive reactive portion of the curve 1nd1cates that cry-
| stal is inductive at this frequency. The exact location of ,i'
-_point a between w and mp depends on the equivalent capacit-'
ance of the remainder of the osc111ator circuit._- If the
crystal resonator is used in place of the series reactive.d
S15 . element 12 in the Hartley type circuit (Figure 5b). the
."crystal resonator will appear to be a capacitor and operate
'hat point B on the negative gOing portion of the reactance
'-curve- | In the negative portion of the reactance curve,'
| -the crystal resonator has a capacitive reactance.
20 e " One embodiment ‘of the’ present 1nvention lS shown in
k figure 1. The oscillator circuit depicted in this Figure
-.is similar to those shown in Figures 4a and 4b. ' Here the

l_series reactive element 12 is shown as a crvstal resonator,

and the shunt reactive elements 14 and 16 are shown

ipzs;.j'arespectivelv as a narallel reactive'



-12- tank circuit and a series reactive tank circuit. ThIS approach is. a

- twp-arm bandpass node suppressi on approach. In this Flgure t he shunt :
Active el enent 14 consi sts-of an inductor 28 connected in paral | el mnth a ',_

fpacitor 30 and 5 ° “the shunt reactj.yve el ement 16 consists of an o

Nagict or 32 connected in- serleS\Mtr1e}%apaC|tor 34. - A variable capacitor,
,.:68 i's 'shown connected.in series with a resonator 12 and provides a smal | émﬁ'
_ degree of flne tuning for the oscillator frequency (point A of Figure 6b) .

s o B i i SRR R e
:Pﬁz ?\Mr)e l'f;hja'?azac‘f'@r g)af‘?ﬁ 3% $§3 gSPf’ereS%t%-IJg} S%Iﬁ[%amg Flat‘ of -
s AR AT W e P,
b 23??0'** it HBhbetos 39 SRR h1sh 5 BB resﬂﬂ‘?u'ez he
i e ke BRI %%2535 o SRR e o
are usi nFRAFSRT |f¥ ggrriei Wi‘?:%e' X apdrohy freq%mn Since we

at or erres-reactive t .el.2 ~t-he

-_ 'gggldl \IMalt Icgﬁ)'ascftor GSstegh%QJﬂ%xfé)&édn ﬂ”EeQ‘E.etsh‘%:jfﬂ'?Oé’eP&sSﬁaEBr

| 12 and provides a small degree of fine tuning for the '

'cosc111ator frequency (p01nt A of Figure 6b)

.-_lO _g:c” - As in any oscillator, it is necessary that the feed-
back circuit provrdes a 180 phase Shlft 1n order to obtain'
'osc111ation. _ ThlS 180 phase shift can only be obtained

"when the series reactive element 12 has a reactance charac-
'teristic that is of a different sign from that of the two
15 .shunt reactive elements 14 and 16, i. e., lf the series
eactive element 12 lS inductive having poSitive reactance,
then for the circuit to oscillate, both of the shunt react-
ive elements l4 and 16 must be capacitive, havrng negative
-reactance. - To achieve this result in the circuit of

__}20 : : Figure 1, lt is necessary to select the element values of

the 1nductors 28 and 32 and of the capacitors 30 and 34 in

such a’ way that this result is achieved in.a_preselected
band of frequencies. Since Wefare using'a crystal'reson-*e
ator as the series reactive element 12 the band which is’

25 'selected must contain ‘one of the frequenCies of oscillation



- : . )
- 13 - .of that resonator. Thus; if we choose to operate the circuit in ap ‘
_Cblpltts or Piérce conflguratlon t he resonator_12 wi |l have to appear :

. be inductive when both of the shunt react- 5 ive el enents 14 and 16

appear to be capacitive.  To obtain' .oscillation of the circuit of. Figure =~

1 only within a select- ed band of freqmsneles it is necessary to select.

't e, conp- onent val ues of the individual. elenents of the shunt react- ive"
eteﬁents 14 and 16 such that -their resonance- frequenC|es 10 - are the -
upger. and Lo sci’l | ation -band frequencies.  Additionally, it is necessary
.for-both. d?gwﬁé ghﬁﬁ? ORg%Qhi-ve el enents 14 and 16 to have a negative, or.
capacitive,. 'reaq% gnece b ween .t hose frequencies. A paraIIeI tank of the

~ type shown as . th Eﬁlﬂm" - ¥LCIGRRPSE SR PPedate FP&UFé-IPuJ?E; in ®he an R
 eadrante %%%s?réé‘{?%???%"“e%ﬁﬁi;q% e S AT (M
10T esondit S redusRby 5 0l Pa ﬁ{‘é\féﬁg $8.BoRL oL e St Taastor
28 Born have ErefERebli, %&Lﬁ?ﬁéﬁ%?&é&ﬁ?ﬁ ST el
ol eve \UFLAETonnay Bshlce s LAWEE" M, PRI dkbeehs
ftequ'} ed band of frequencies lt is necessary to select the comp- " -
onent values of the indiVidual elements of the shunt react-”u
-five elements 14 and 16 such that their resonance frequenczes
-iO: ) are the upper and lower oscillation band frequenCies.'
| '.Additionally, it is necessary for both of the shunt reactivej
:_elements 14 and 16 to have a negative, or capacitive, -
"reactance between those.frequencies. .-A-parallel tank-of
the tvpe sthn as;the shuntlreactive_elenentf14;in Figure 1
l15 ' ._has'an.inductive reactance below.its resonant.frequency, fl,*
-‘and-a'capacitive reactance above'fi“ Similarly, the series
B tank of the type shown in Figure 1 as the shunt reactive
'relement 16 has a capacitive reactance below its resonant’
_jfrequency, f2' and inductive reactance above f2° -Thus,-fi
fZQ R mustfbe less than fz so that the=shunt=reactive elements”:f
'_'14 and " 16 both have a negative or capacitive, reactance |
_between fl and f to achieve the deSired bandpass effect.
In this case-the~oscillator=will have'the ‘nhecessary 180°
"phase shift in-the feedback circuit only between the frequ—

3 '-._encies £ and f2 CIf we.had chosen~to.operate the oscill-"



25 . encies [err], 1f we had chosen to operate t he oscrII- . -14-
~ 14 ator in the Hartley configuration, we would have selected the val ues of
e? inductors 28 and32,. and.of the capacitors 30 and 34 /such that the
Mt reactive elenments 14 ‘and 16. bot h- appear to be inductive. Wi thin the .
red band. To 5  ‘achieve thatl4esult, [err] would have to be° S
" greater than [err] I'n. Firgures .2a, 2b and 2c" there I s shown the.circuit of';;Zu
Figure 1 operating in .the Colpitts cOnfrguratron ~ The circuit in Figure™

16 bol owAERE 3 héthe e%ﬁ@r&%e R e e

Cloment - thenga nes, Srﬁ%c'e” %pgﬁc?%aceﬁcﬁ?ﬂgaﬁhgri%.%?tt%%?%%curs:-;.ﬁ
et e AR #@ Fij lctod BTERBREETG LD,
" Here bot H%aﬁﬂﬁﬁrré%' ?véngflg g e%ﬁ"% 1@%3@%%%&%&%2”%%[ gtlncej '
gL OSSRl ) B b s B G S L o1 TS
a [ﬁi"bbé&%iﬂﬁ% s %bir%?*?“ﬁ.%ﬁ%%@eiﬁuﬁtwﬁt o @%avelebsfe o
dissiml g5 gidC'y &&‘éﬁétfﬂ& EReLHO DI s “Qaﬁélsﬁr%%i%%f' |1 aghon.
circuit in Figure 2a represents the effective reactance. ofg"h
the shunt reactive ‘elements 14 and . 16 below the lower band
10 - 'limit frequency, fl' wherein the shunt reactive element 14
“has an inductive reactance and the shunt reactiVe element
16 has a capac1tance reactance. Therefore, no osc111ation"
- occurs since in this configuration there would not be a. 180
-yphase shift in- the feedback circuit.p Figure 2b Similarly
f15 | rshows the shunt reactive elements 14 and 16 between the
elected band frequencies fl and f2 -Here both-the shunt ’
_ reactive elements 14 and 16 have a capac1tive reactance and
'-'therefore-the necessary 180° phase shift required for.osc--
-illation is present in the feedback circuit. -Finaliy}:
: 20__ - in’ Figure 2c the shunt reactive elements 14 and 16 are shown _v*
N as to: their effective values above the upper band frequency,
fz.: Here again the shunt elements have diSSimilar react-"
ances and therefore there would be no osc111ation.=_
Figures 3a to 3e represent a. number of various shunt

.25 reactive element combinations that-may berused-for the shunt_:



F|gUres 3a to 3e represent a.nunber of various shunt .25 reactive (Eé;ii>

el enent - conbi nati ons that nay be used for the shunt ‘reactive circul o S
and 16. Figure 3a shows the circuits of the shunt elenents t hat- were L
"di scussed in relation to Figure 1 and we have seen that this. arrangenent
Iends it- self either to the Hartley-od5te the Col pitts configuration. -5

-should be noted here that the shunt el enments of Figure 3a may be '

|hterchanged with the series tank being used for the shunt reactive el enent
14-~and ‘the parallel tank for .the shunt reactive elenment 16 wthout |oss of. . -
t he- de5|reéacmmveenmrqurharhétandsiscs Figure 3a shdbe shencireaxttis/e
‘elenment circuit pairs shown in Figurés 3b to 3e are of the one ar m bandpass..
node suppoéstha<shuntxelemémesethae vegiegdttshssed uih sedbativhetentire
bandpass effect is created in only one of the shunt | egs of the oscillator.
_Those shoRdghmrerilganst w8 kawe 3seencthat thiis arcogenestt fppds it~
configuration and those shown in Figures 3d and 3e are for-a Hartley

confi gur asedd. eithedt ttorihe sHartieyt prosondde (Gekpiths benﬁegnnatuanwes:"

3b and 3d wherein the bandpass tank has both a series and a parallel . :
‘res®nancelt shiewld e noted beewsethAtydihes shonin e Bementst of2Figure n that
there is a parallel tank in series with either a capacitor or an inductor:

| f the shaat mayr & thtercmnwguwétsbthe sExnies tark chedngt u§1'edF|f@J-Te 1

f or the shunt reactive el enents 14 and
the shunt reactive element l4 and the parallel ‘tank for the'

-shunt reactive element 16 w1thout loss of the deSired oper-
ating characteristics. |
io | The shunt reactive element circuit pairs shown in _v
"-Figures 3b to 3e are of the one arm bandpass mode suppres-
sion type. _ These are deszgnated as such since the entire.J
bandpass effect is created in only one of the shunt legs
of'the oscillator;- Those shown in Figures 3b and ‘3¢ are
'.}15 | for a Colpitts type configuration and those shown in Figures'
- 3d-and 3e are for a.Hartley configuration. Additional |
_-similarity'between'these can be”seen-in Figures 3b and 34
"Wherein the bandpassﬂtank has.both a“series and a parallel R
-'resonance.-- The similarity between Figures 3c and 3e exists.
'26 - in that there is a parallel tank in series w1th either a-
capacitor or an inductor. _ _ .
_ If the shunt Circuit pair of Figure 3b is used in- the.
circuit of Figure 1l for the shunt reactive elemehts 14 and ."
: 16 respectively, or in the reverse ordef, a series parallel

25 tank of the shunt arm 1abelled 64 will have an inductive



16 respectrvely, or in the reverse order, a series paraIIeI 25 - tank of
shunt arm |l abelled 64 wll have an- |nduct|ve 16 characteristic. at -

. hi-gh and Iom/frequencres and a‘capacitive characterlstlc in the '

|red band region. ‘As [err] the reactance of capaci t or 38 approaches a
_short..circuit so that the shunt Ieg‘léﬁerTed 64 is effectively 5. o
- ‘reduced to an-inductor::36 in parallel with an inductor 40 and therefore .{:Z*f

'ggs an |ndﬁct|ve characteristic. As [err] the reactance of the capaC|tor5‘
o approaches. an open circuit so.that the shupt 64 effectively reduces
't0 the i fhaFacter PtiFonk. eT316ﬁUé¥¥4e%RW gn FFéuFF%Lés a capac- 10

_|t|ve react ance at md- band, we. will, first sld onIy the series tank of
the i nducemacidisg QW%‘&E&EF-F&*%S-“ 'ﬂﬂesé‘? &ah nci es bel ow -

the series resonance. [err% has a. acrtrve % actance _Above_ this
a

resonancastue= ey ee *E??“‘*f“ G TareE ket & ithance 15
Very cloSdric®idgn#Q|Haat ¥t EeFWt[gﬁq%f%?:iiﬁé é tlignlgféf ?S%ﬁé#\%m rcult
_zs&;grzrr% S et Ve PO S i S Sttt B RS AL o
B et e ARd L scaslia i ERCBREs AN oo a0 B8

_ serres t-apk
B %%e\géaggéhégaofa%hEO@%pacfégr 38 approaches an open circuit

_ so that the shunt leg 64 effectively reduces to the induc-h
.tor 40 alone. To understand how the. circuit-has—a capac-
lO__ e_itive reactance at mid band, we. Wlll first consider only
‘ the series tank of the inductor 36 and the capaCitor 38.
_ The series tank at frequencies below ‘the series resonance,
_ws' ‘has a capacitive reactance. .Above this resonance fre-
quency. it has an inductive reactance. At its resonance-
-_lS._ -frequency,c%, it has a. zero impedance or is effectively a
| ) short circuit. Very close to and slightly below Wg r this
series tank portion has a capacitive reactance that is close
to_zero,ai.e,,-lt_has a_large_capacitive-component.;. In
-other words, the.series tank-looksilike the capacitor-38.at
'26 t' '1ow frequencies and its capaCitive reactance approaches zero.h
as wruwg. If we now add the effect of the inductor 40 in
_parallel with the series tank we note that as long as the
.equivalent capaCitrve reactance of the series tank is- very

Vsmall this capaCitor reactance will shunt out the inductive

250 reactance of the inductor 40.and the total shunt arm 64_will



eqU|vaIent capacrtlve reactance of the series tank is very snall this K;é%;) :
“capaci tor reactance will shunt out: the |nduct|ve .25 react ance of L
dinductor 40 and the total shunt arn164 will . 17 - have a capacitive
_reactance over all" and appear to be: a capaC|tor The Fbrtley oscillator.
_palr of ‘shunt el enents shown in. Flgurelﬂd‘Operates very simlarly to the .

_ pitts shunt arm5 .circuits shown in Figure 3b. - -In the series .
‘paral lel tank 66 of F|gure -3d, at |ow and hlgh frequencies it has .a capac-"
“i¥Tve reagtance and wi thjn the desi red band it. has_an induc- tjve reactance -
thus  provPaVRg 3 GERAHIPHE] EPREEENFRACVAE S i IPRPIRURP BEMA64 in
Figure 3b.:- The series para- 10 ~Ilel tank 66 operates very simlarly . .
to the sefppac il el tank 64 of Figure 3b. Bandpass shunt armcircuits.70 .

opd T2 of PO Byl GBSy SESPSLLYE! Y POl Ll 0P RRME e ;%o%%
4" B S AR, M SRR i LSRR R B
B R R %'fsaﬁazaale?‘d egion
R oo oA 0, (95 TCeRRHph FnaROLeg e 18 5 adld
) itive reactance and within the deSired band it has an induc- :
tive reactance thus providing the bandpass effect that we |
':saW'With'the shunt arm'64'intFigure'3b' "The series para—'
iC. 'pllel tank 66 operates very Similarly to the series parallel |
o tank 64 of Figure 3b., | | | |
: Bandpass shunt arm circuits 70 and 72 of Figure 3c
“and 3e, respectively, Operate in the ‘same way as the shunt _
- arm Circuits 64-and 66.of-Eigures 3b-and;3d, respectively.
15 .'h Through-the proper chbice'of'induCtor'and capacitor values
'for'the shunt leg 70 of Figure 3c, it can eaSily be seen
that this circuit at low and high frequencies would have an‘
- inductive reactance-and in a mid band region could ‘be made
'to have a capacitive reactance. At 1ow frequenCies the
.20 reactance of the inductor 48 would be very small approach-
| ” ing zero and thus effectively shunting the capaCitor 44 _
pleaVing the inductor 46 to provide the shunt arm. At hight,
'frequencies the reactance of the capaCitor 44 approaches
.hzero and effectively shunts the inductor 48. Thus, the p

25 shunt arm 70 appears as simply'the'inductor'46. .~ At mid



IeaV|ng the I nductor 46 to prOV|de the shunt arm =~ At- high frequenC|es the .

‘Leact ance of the capacittor 44 approaches zero and effectlvely sHunts the

- fisuct ar 48. Thus, the 25 shunt.. arm 70 appears as sinply the i nduct or

- At md - 18 - ‘band, just above the resonance frequency.of the
caplacitor 44 and the inductor 48, the Bdrallel tank woul d have a .high

negative reactance while the inductor 46 had a nod- erate p05|t|ve

react ance and again through proper sel ect- " ion of the CIrCUIt

eterent s

the des; rBASHand U LS JhS . FeSeRRRLE %%%%ﬂéftéﬁt@%sn& B 1NN
Col pitts ggngnge il atiq et (Ir;]ieatgrtl:ﬁg %%gal%g]?té%[r}(e v?%{ﬁda %72 shown in

Figure 10 era manner pi t conafl gur a-

L SnUhAghTheBaY s UUECOm ML k! chle foNE éésreaéeﬁ g la GogAl high

and | ow f a capacriive reactance and in the -

m d .band éﬁgtgnp%%§€¥%%‘¥5%é€ EdHﬁF %ﬁaﬁﬂ“% ngﬂandtggrﬁh9per

chai ce of he el ene ‘Ues o he“capacrt and the
i ndyict or Pén of tht?circult elements the sum of. the reactances could '

. be_madetu;remalg}negatrve wmthln the:deSLred band-and;thus.
fallew-oeeillatien witﬁin.that band;infthetColpitts'config- .
~uration. o o | | o

The Hartley conflguration shunt arm 72 ‘shown in Flguref'
‘ riO | h'3e:eperates_1n a;slmllar manner to the_Colpltts configura—d

| tidn shunt arﬁ'?O ef Figure 3c with.just the reversefeffeetg
_i-e.,.at high.and”low frequencies the shunt:arma72'has'a
.capacltlve reactance and in the mld band reglon ‘has theld
desired 1nduct1ve reactance through the proper choice of

l5' "_the element values of the capac;tors 52 and 56 and the

.inductor 54.



CLAIMS™. @ A signal —oscillator with nDde suppressi on app aratus for
limting the frequencies of oscillation to. a. §ETEET§d‘baﬁd-oL__§
.frequenci es;, said apparatus. conpr|5|ng |nvert|n ans haV|ng
i nput nmeans and 5 output means; and sigR ?I feedb lﬂ@ia OV|d|ng a
[err] phase shift in the selected band © frequentles LS

qp s i ncl egAnas crystal ‘resonator means-connected in.series bet ween 10 t he

i nput and output neans of the inverting anplifier means for produ0|ng a

| at I t abl I I d nt
rel ativel'y stabl g, osci s&"gQ{aPLSMlﬁaHBQ' widh gthe@%ée%fgﬂ SpH

reactive neans for suppressing oscillation outsi ban

frequenci esratas dfdp fLimiktiRy!ithd eLFéGMBNBERRS dta\egtgt Eenaect ed 't'O -
t he input neans- of the inverting anplifier neans second shunt =~

reactive re=hscbadi bgndnofeRrRpmteciss, tgatihea@lﬁa&t&tdsaé&nﬁhébﬁ o
inverting anplifier means, the other ends of the first. -and second ghunt_”-

reactive means- biamgrtmnge@h@lmﬁﬁrémshhaﬁih@" inPut easdn&Ngnaf said
first and second shunt reactive neans having a résonant tank circuit, said

'resonam5tquﬂpuirmeanshaandg a reactance val ue such that for each frequencyf
out'si-de the sel ected band of frequencies at |east one of said 25 first and
~ second shunt reasti¢gnelnfepsbark aneaes| afoe p&blvﬂ.difng he s80f IShéléieaS t he
reactance val ue of .the crystal resonator neans. _ .
shift in the selected band of frequencies, said sicnal
feedback means including~' |
d | crystal - resonator means connected in . series between
lo.the input and output means of the inverting amplifier meansg
:lfor producing a relatively stable oscillator output signal~:':‘
and |
o first and second shunt reactive.means for suppressinc.
o oscillation outside the selected band of frequencies, said
: lS,first shunt reactive means having one end connected to the
input means of the inverting amplifier means, said second
| shunt reactive ‘means havinc one end connected to the output
means of the inverting amplifier means, the other ends of the '
_.first and’ second shunt reactive means being connected one
20-to Jthe other, |
at ‘least one of said"first and second”shuntdreactiVe'
means having a resonant tank circuit, said resonant tank. |
circuit having a. reactance value such that for each frequency
outside the selected band. of frequencies at least one of said
.25 first and second shunt reactive means has a reactance value

- of the ‘same sign as the reactance value of the crystal

. _resonator means.

feedback?r--



' jnegatlve react-ance

2. n oscrllator wi t h- node" suppressron - ..”'apparatus

“rdlng n one.of said first and second shunt.” reactive

' '|ncI resonant tank circuit and t'he other of said

: and 5 econd huﬁt Teactlve means,. includes .a series resonant tank:. .

: euit. 3. A srgnal oscrllator W th ﬂnde suppr essi on appar at us . accordlng

- to claim2 mher 0 e SQ t tank.cireuit :has a £y

r esonant frequency, % Slgﬁ saldgbggéﬁ#k %%Ego gh S HHETFTROPE has a 'ﬁ?éj'

negative ] an 0si C nd said
4 gaaa {‘a.f'-t? 528}6% f le&nd1 34808 &p&%glﬁ.r ginae“ SE §£$§’ ffaﬁa% -

seri es- re Crrcut has & resonan quency, . sai d

 series regQy cggglgeﬁhr,%wrtegrﬁ_slr@e pﬂéb.{aévﬁ E‘i@:ﬁe@ce?erbﬁ@%ih nnd %

ow f esonan frequenC|es i ng: sald

sel ect od anch il £SO R xR Phda cpSbERA B3eldd afBde

suppressi on appara- tus accor a|n1 mhereln err |s selected to

be lesg Q@%bdé”éﬁuﬁ@“§e ﬁ%ﬁé’ﬁ%ﬁﬁsaintigﬁgﬁéqz'“%EE&éQ fasdiian?

~p03|t|ve react ance val ue bet wee err]
tank Cchuit.

’3., A signal oscillatorHWith'mode'snppressiOn
:apparatus according to:claim.z whereint" .

'iO' S said parallel resonant tank circuit has a resonant
~frequency, fl’ -and ‘said parallel resonant tank circuit
has a negative reactance above fl and a pOSitive reactance
.below fl' and |

said series - resonant tank circuit has a resonant
15-frequency,. 2 and said series resonant tank circuit has
a pOSitive reactance above f2 and a negative reactance
5 below f2,-- . _ | |
| said resonant frequencies fl and f2 defining -said
:selected band of frequencies._~ |

"izoh_-; |

. :f’,_4; A Signal oscillator with mode suppression appara-.

tus according to claim 3 wherein fl is selected to be less

-than f2 causing said crystal resonator means to assume

a positive reactance value between f1 and_f2 and the-'

25



21 osoallator to operate in the Cblpltts or P|erce‘EBﬁTTgurateen—betmeen(i%é) |

fr'equencies [err]. 5. A si gnal- oscillator wt /
apparatus according to ¢l aim 3 wherei ngierr] Hmﬂm% @! ess than -
ferr] causing said crystal resonator neans to a§%uﬁe a ne reactance .
‘val ue between [err] and the oscillator to operate in the Hartley -

confi gur atései beaveently eperuiesid cthé. cd0pitts orf Pieres EORELG ﬁ%h‘t‘ %(Ej;
wWith -node suppressi-on apparatus accordlng to claim1l wherein: one”of sal

first and between s Breustiadies &f £p¢k udes a tank circuit being a-

“conbi nation of the series resonant tank circuit and the parallel resonant
tank 15 circuit; the other of .said first and second.shunt:reactive neans -
(ncludes a first non-resonant reactive circuit; and the tank circuit
configured as. abBve dAfsmgmdimosanaaeorewithsmbW§:supp$5§§Wb@nd a

parall el resonant .20 frequency, these freguencies- defini.ng the band of
frequén- @mamtuseacmrdingsmd lelaim 8swhedeipnoss W seleckedi €82l
osci'l l'ator with node suppr essi on apparatus accordingd to claim6 wherein the
tank circie Iess tbapr fiecaalsimg saxésonpstaﬂ.ea'e@ormﬁof Qneanstatb in
parallel\gééhég a negative reactance value between f2 and fl and o

_ the oscillator to operate in the Hartley configuration

: between frequencies f2 and fl " |
10..' "_'63_1 A Signal oscillator with mode suppression s
| _ apparatus according to claim 1l wherein. .

) one of said- first and second shunt reactive means:
'includes a tank circuit being a.’ combination of the series
resonant tank circuit and the parallel resonant tank

15 circuit, | |
| the other of said first and second shnnt reactive _
_means includes a first non-resonant reactive circuit, and

| the tank circuit configured as above defined haVing
'a series resonant frequency and a parallel resonant i

.20 . _frequency, these frequencies defining the. band of frequen-'.

cies between_which oscillation is made_possible.

"7,'j A signal oscillator with mode suppression
'_apparatus according to claim 6 wherein the tank circuit
'_ 25 " comprises a series resonant reactive c1rcuit path in parallel o

j'with a



second~ﬂUﬁTT€§BHaH?_reacfive circuit path. -:8. . A signal _
ator W tﬁ“ E“‘mﬂma on .appar- atus according to claim 7-wherein
sgeries eactive circuit path conprises an inductor B
éct ed. | c es Wt a capaC|tor -9, A signal oscilldtor with node -
_suppr ession appar--:-atus. -according te @2airm 8 wherein: 10 - - said
second non-resonant reactive circuit. path .com :prises an inductor; and salqgé

“first non-resonant reactive Circuit conprises a capaC|tor 15 _
A~signal oscillator wth mode suggre33|on appar- us _accor di ng to cIa|n19

 wherei n: S€5PA%S BERTF SRANIRE haA Fgﬁcﬁ%ﬁfdé path com prises a.

capaci tor; and said first non-resonant reactlve circuit conprises - an 20

. inductor. 1 A S|gnal oscillator w th node suppr essi on- appar- at us

 Teactive e ?03.5? pech TR b EAte SE QTR BB AR e e
l”C'r?u't Qgﬁg according to claim 7- wherein the series resonant '”f_ SR

5 . ':reactive circuit path comprises an inductor connected in

.series with a capaCitor.

'9; | A Signal oscillator with mode suppression appar--
.atus according to’ claim 8 wherein: |
101 :- - 'said second non-resonant reactive c1rcuit path com=-
.prises an inductor, and |
said first non-reSOnant'reactiue-circuit.comprises a .

capacitor.

15 l '10.. A Signal oscillator with mode suppreSSion appar-'
| atus’ according to claim.9 wherein~ | |
said seccnd non-resonant reactive c1rcuit path com- ]
prises a capacitor, ‘and |
said first non—resonant reactive circuit comprises.an

20 indiictor.

| -11. A Signal oscillator Wlth mode suppreSSion appar-
atus according to claim.G wherein the tank c1rcuit comprises -
a parallel resonant reactive circuit path in series With a

.25 second non-resonant reactive circuit path.



" wherein: said second non- resonant reac

- 23 - 12. A slgnal osC|IIator wi th node suppresslon appar - at us
: accordlng to claim1ll wherein:-the parallel resonant reactive CIrCUIt

Lconprises an i nduct or connected in paraliel- “E _

si gnal osci l lator with ‘mode suppr essi. o& appar- lmmﬁm]mlmlul cI a| m12 -
Y€ cif rcuit ¢path. Bonprises..an -

“j.nduct.or; .and 10 ' .sald fi.rst non-resonant reactive circuit °

eﬁnprlses a. capaC|tor A S|gnal osci | l'ator .wi'th node suppression.

oncresonant 't et veh C.Qttt.gt”‘s%%m%f i m°%%p%%t’§%ﬁg%§’c°a%9ﬁ. st
e oot B by R AR U S frer pesems
her 1 el S8 AN | DBt LN ELOERRES A, Ol FLBUBES Bt 45,20 30

to 3e of acconph raw n € Speci I on~ has
“been. repr%g ogoeg 1tbhe applicants original typescrlpt ot
nay cont a em/anen nents ch are difficult to read. The original -

tygescri pt cont aini ng. these anendnents nay be |nspected on the prentses<of
the Pat ent CIroe : '

f13, _ A signal oscillator wzth mode suppreSSion appar;
'_tatus according to claim 12 wherein. o o
| .said-second non-resonant reactive'circuit path
'licomprises an inductor, and B |
_ lo | o . said first non—resonant reactive circuit comprises a

'capacitor.

'ﬂl4t A signal osc1llator-w1th mode SuPPIESSlon appar-
'atus according to claim 13 wherein°
15 ':.h - said second . non-resonant reactive circuit path cam-
B _prises a capacitor, and | |
said first non—resonant reactive circuit comprises anl .
.1nductor.;' |
'_.20 f-.:-_*”{ls.‘ A 51gnal oscillator w1th mode suppression appar-_f.
atus substantially as hereinbefore described with reference"
o to any of Figures 1, 2a to 2c and 3a to 3e of the accomp-
h anying drawings.r | ' '

The text of the specirication "has been reprodueed by photocopying the applicants original
typescript. It may contain a few amendments whioh are difficult to read. The original
typesoript containing these amendments way be inspected on the pu:em:l.sea of the Patent Office



