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cillator Crcuit 5 TECHNI CAL FI ELD Thi s
i ntion relates to an oscillator circuit and is particulary applicabl.e to
alfystal controllable oscillator.” 10 ' .
BACKGROUND ART A problemw th known crystal controllable osgillator
circuits is that of oscillating al joyertone frequencies of %h@gdbﬁﬂﬂolling
crystal. 15 It is known that oscillation at overtone frequencies may be
i nhibited by the use of circuits having sensibly |ower gain and/or sensibly
| ess favourabl e phase shift dsatiltdmroCircudte frequency than at the
fundanmental. 20 In integrated circuit technology such circuits have been
achi eyed by the use of resistor-capacitor tinme constants to provide the
desi rd response. 25 VAECHNECARSFIERDt hese time constants due to
tenperature and manufacturing tol erance effects may cause variations in .
| 0o hase |f.t . Of e oseillagor._and Gonsequently vari,ations in
fregugncy. B iEFir&ﬁ%‘?&rgﬂFﬁE ?WEﬂFﬁ’%%U‘ ﬁgﬁg‘r%'i Fi’éJ i§ a first aspect of
t he predanticuiaentdpphicabdectd 8 prystatiambnaretlableloscihtatorhl abl e oscil | at or
circuit conprising an anplifier having an input for. coupling a crystal
resopator thereto and an outp! an oscillation sustaining feedback | oop
coupE@d 35 between the output HAWRPH@ iMEut of the anplifier, the | oop

A problem with known crystal controllable oscillator circuits
is that of oscillating at overtone frequencies of the
controlling crystal. '
15

It is known that oscillation at overtone freduencies may be
inhibited by the use of circuits having sensibly lower gain and/or
sensibly less favourable phase shifts at the overtone frequency
than at the fundamental.

20

In integrated circuit technology such circuits have been
achieved by the use of resistor-capacitor time constants to
provide the desired response.

25 Variations in these time constants due to temperature and
manufacturing tolerance effects may cause variations in loop phase : (
shift of the oscillator and consequently variations in frequency.

BRIEF SUMMARY OF THE INVENTION
30 _

According to a first aspect of the present invention there is
provided a crystal controllable oscillator circuit comprising an
amplifier having an input for coupling a crystal resonator thereto
and an output, an oscillation sustaining feedback loop coupled

35 between the output and the input of the amplifier, the loop



- ]a - including a first i'ntegrator and a second integrator fed fromthg
first:-integrator, each of.the integrators providing substantially 5  a
[-err] ~phase shift whereby overtone oscillations are inhibited. Each of

two tntegrators. provides [err] phase shif}{ independently of the oscillators
defining RC product, which determ nes ofl$ The gain, thereby making the
oscillator |ess -2- sensitive to variations in time constants due. to

temper attre andnERiYihgCH -4 1hebFaBsc ind SELon m%§amr' FeEFrofthe

convenivent |y conprise rent i er havin ut_and first

‘and second i npfigst tﬁ’l‘&eﬂré@ebaéﬂcﬂ ﬁp%ihtfgeamnsearqv dl'H?es taptidddyi ne

differential 5arap90‘r iphase 3h@fwASLeby covegtoneovsciidatunscareplininiditéd out put of -

the second integrator to-the first and second inputs of the differential
anplifier. The output of the secbnd integrator g@be coupled to a first of
two terminals of rekachiof dhedansintegrators nrapidesr M nahaseshift coupl ed to

respective onesindépdndenfly’ 6f th8CostatRitdri rﬂé'ﬂﬁir@f RG HPodudt, anitFehi al

ebween 1t he. outEBEHeE HETH ¢isLatli: BIorER ARk Uit psErUTEAT efe, b pel . he

second integrator may conprise a first transistor having an input ternm nal
and an output termnal; resistive neans coupl ed between the input term nal
of the first transistor and the first integrator, a second transistor
having an input. term nal coupled S

! - - -

- .



‘to4he output termnal of .the first transistor and hdving an out put :
"t*a'l, and capacitive neans coupled between the input term nal of the
- -fNISS¥ transistor and the output term nal of the 'second transistor. The
:Second transistor i's conveniently connected as an enmtter follower. The
oscillator may be provided with neans for adjusting the frequency of
‘oscillation. The neans for adjusti#f the frequency of oscillation of the
oscillator may conpr.ise-a-control circuit having an input. coupled to the .
out put of t second of .the ,two integrators and an output - . -3- coupl&g to
o P uBent g GO RBHR AR 4P e GRRLBEY B WoBPRRATABE AR Jof e
. f eedbac kahwingturingbtoleranceleffektisn dependerice upon the anplitude of ‘a
control signal applied to the said . input by the control circuit; 5 The
control circuit may be arranged to provide a control signal whose anplitude’
range .provi dbe dnpdpfisraney chnvenientlyogprpriise s dhfferenslal zero phase shift.
10 ampgN@160HabPhg @h! Sutplt NG EORRT hSE sdbddaCiRpYdsd) el | fi er neans

- having an jnput. fed Tromth ut put - of the second integrator and an output
for pr 05F?ﬁbﬁ§kt]t?8PcWFo‘F°“§iﬁ‘ﬁaﬁ°; the, gutent °€Lﬁhﬁeﬂ’tfféafg%’t‘ﬁent ‘reans for
-enabl i ngnglifsed, and rdahs Weihdprividedr €6d icohpHmg! tid eutp@ans the be changed
.to effect. adjust O LH a i v of e rol signal. The -
di.ffer eﬂ?ﬁ”é’? g‘%ﬁ??ﬁoerr L?reég'%sg%ﬁﬁ | ncls%%bce;'%t %E‘fu(tflgf ?%%gl%t i al

differential amplifier. T '

“The output of the second intégratdr may be coupled to a first |  ' e W
of two terminals of resistive means the said two terminals being - o
coupled to respective ones of the first and second inputs of the

differential amplifier.

The_first:intégracor'may comprise capacitive means cbupled
between the output of the differential amplifier and a supply
terminal. ' '

The second integraﬁor ﬁay'compriSé-a~first transistor having
an input terminal and an output terminal; resistive means coupled
between the input terminal of the first transistor and the first
integrator, a second traﬁsistor having An'input terminal coupled

- to the output terminal of the first transistor and having an N

output terﬁinal, and capacitive means coupled between the input
terminal of the first transistor and the output terminal of the

second transistor. -

The second transistor is conveniently connected as an emitter

follower.

- The oscillator may be provided with means for adjustingfthe
frequency of oscillation. '

The means for adjusting the frequency of oscillation of the
oscillator may comprise a control circuit haviﬁg an input coupled
to the output of the second of the two integrators and an output



-anplifiers having outputs coupled together to prOV|de t he output of the
circuit and each having an i nput coupled to the output of 20 the seconf .
integtator, the tail current adjustnent means being arranged to provide
relative adjustnent of the tail currents of the two differential '

anplifiers.” In a preferred enbodi nent of 3the invention the anplifier is 25
coupled to an auxiliary negative feedback Ioop haV|ng relatively | ow gain

Che ampLi 11 or . AL sof §F 18R, 57, a8 SBER Frdfedtor PRy hCaeBbon {‘%JZH N
- 30 provided apltasysstulftceﬁwttholﬂeedbackohnpl nayt be - einteeliledctnrdependancen :

differential aggyni f:h@ramﬁ‘ﬁ\thﬂ& o¥a Léh ko1 §i‘§haﬁ'£p‘iﬁi@d‘%sﬁﬁogﬁlid ARpYES: a
crystal CIrCUI upleg'g ¥%§@ the first Tnput 'and a supply termnal; an
- oscillation su®f ﬁﬁﬁ@ F -1 0oop coupled to the output of the

differentials anplifier, the loop including a 35 first, integrator and a-

- second i ntegrator ﬁrgéj CBﬁ%t?ﬁ‘Ctli'E% 8;5@3"8 &(rj% Eid%aéoaf gﬁm coupl I ng an

out put of the seco |ntegra |rs puts he differentia
amplifier; a fsta secﬂwﬂbtudeurmetpmwﬂsg o0p Phase: to the

eut put of the m@ﬂ@b Is@h € ABdUY zamlpnatse)uhqﬁ, coupl ed to feed an adj ustabl e
- 5 anplitude frequency control signal to a control input of the second

integrator and an auxiliary negative feed-back | oop having relatively low -

gai n at. osdill | at or The gnatroﬂ r ¢tpeuiit imay - comppi sed di tFerent idl f smpd Efkeraneanspl i fi er

for establishi ﬁ'&iﬂ t ?ed ?rod?'tﬁ%'&l& Gflof! Bfe 38FINd {ie M‘lfd relig L O

proovi de an. adjusta gﬁu enc P Qontroa?ﬂlﬂ e og lator in

whiveh osci |l | ataq)ﬁytgﬁt or prov 1ng e. c ntro signal; ta11 current
adjustment means for enab11ng a tail current of the differential a
amplifier means to be changed to effect adjustment of the

15 amplitude of the control signal.

The differential amplifier means may include two differential
'amphfters having outputs coupled together to provide the output
of the c1rcuit and each having an input coupled to the output of

20 the second integrator, the tail current adjustment means being
arranged to provide relative adjustment of the tai1 currents of
~ the two differential amplifiers.

_ In a preferred embodiment of the invention the amplifier is .
R 25 coupled to an auxiliary negative feedback loop having relatively
Tow gain at oscillator signal frequencies for prov1d1ng qu1escent'
- D.C. b1a51ng for the amplifier. o

'In accordance with a second aspect of the invention there is
30 provided'a crystal controllable oscillator circuit comprising a
differential amplifier having an output and first and second
inputs; a crystal circuit coupled between the first input and a
supply terminal; an'oscillation sustaining feed-back loop coupled
to the output of the differential amplifter, the loop including a
35 first integrator and a sec/gdvintegrator fed from the first




cystal overtones are inhibited. BRI EF DESCRI PTI ON OF THE DRAW NGS 15
_3 enpl ary enbodi ment of the invention will now be described with -
«_r%iaQ nce to the drawi ngs.in which; Fig. 1-shows a sinplified schematic
- MJlusStration of an oscillator circuit in accordance with the present ,
invention. Fig. 2 illustrates the 3aseillator of Fig 1 with the 20 addition
of frequency adjustnent nmeans and  -4- Fig. 3 illustrates the oscillator
of Fig. 2 with D.C blasing circuits, DETAILED DESCRI PTI ON OF | NVENTION
Ref er i ndnteIrater, meansecupling anooutput ofi the sgcond TNERITARN anplifier i twkhe
form of first hi®rseodndlinputs! of ithe diFferanthN anpPities] @ Frdquancy 2 \ghaks]e .
emtter r h oup er 4. Lo r source ic
passes 58@8'% e‘ﬁt%glé h$¥|]g"gt Béﬁ?é?%&hﬁfﬁagg}h%a%@pgﬁ eéc’:ff%%e whi ch is coupl ed
to-an i seeand: inrtegnatorcard anheutaupldoupted tahkeedoan ediustableectrodé of the =~ -
transg Shpy1itudd freguenb BoRtrOY 'se5Ha1S 88!1C Bontreli fipu WiPkhes a current 1.
Col | ect or eleftrode of h@e tran?fstor 2 |s_3pu l.ed tP a potential supply
t er mi naPePndhinteoratan and ap quxiTiay negative éegﬂ’ﬁﬁ“y 908, V89 . An out put of
~ the anpkeTatdvelys lowlgadnfatoosciliaton signad fudqubndiesceoupled tbo t he col | ector -
-electro $ 17ansi I U D ' nnpl 09 of the anplifier |
IS coup?@ed c@iﬁiﬁ,{ﬁg*{lhgﬁéﬁﬁ’ér tfg?mn&r?gpﬁégﬁl%&#‘gégggk% 8'sci Il ation .
sust ai nPiR§ingclornhhe aF'BbHPIPﬁ whegebya te hronide @B ajugkabdei bed.
- 10 frequency crystal controllable oscillator in which oscillations at
~ crystal overtones are inhibited. =~ ' :

BRIEF DESCRIPTION OF THE DRAWINGS -

15 An exemplary embodiment of the invention will now be
described with reference to the drawings in which; .
- Fig. 1 shows a simplified schematic i1lustration ofiénf"
oscillator circuit in accordance with the present invention. -
Fig. 2 illustrates the oscillator of Fig 1 with the '
20 addition of frequency adjustment means and . -



- The output term nal 9 of the anplifier is coupl ed to the base el ectrode of e RN
~an.NPN transistor 10 which is connected as an enitter follower. The : 2\
transi stor 10 has a collector electrode coupled to the supply term hal 8 <)
~and an emitter electrode whichis coupled through a resistor 11 of value R2

to- the base el ectrode of an NPN transistpr 12. The transistor 12 has a

coll ector electrode which is fed froma current source 13 and coupled to
the base-el ectrode of a further NPN transistor 14. The emtter el ectrode

of( theransi st or ﬁg '§1‘£B§H?:‘%Q£é‘sd the dacIELRBE SEUPDEY 2t @it Dad. bBasthigch is
typically an earth Term nal -5- The collector electrode of the _

t ransi st or 14¢|‘~§Q§’<§t§5+ ed to the positive supply terminal 8 whil st the
emitter electrode-is coupled to the base-el ectrode of transistor 2.of the

differential anplifier and tor 16 of capacitance
value C2. The second termnﬁgfﬁ%ﬁ {’ﬁ&éggb&{’ ?hconnect ed to the base
el ectrode of the transistor A further capaCItor 17 of value O is

coupl ed between ! fgegiitou ?ﬁ#mln@i\e bolk1g26r H1h(.6E/2RLA Anc sl k€7 and the

earth term nal 15 | ectro transistor 14 is al so-
coupl ed to onempldfaendm E#e forr ofse cHifereptish spplifder|hayfsg &P¥econd
termnal is copgle3dedrd théhd PRHosk Céniitbad eleoiroibe dtef ésupted itogettapl i fier.

Capact vop' 0 am'eh s SFgean SeM<Bn oyisB, e L B PR 5L "Dt veen
the terninal eréisdstdrc 1chds o baenebedtride which is coupled to an inmput '_
W - terminal 6 of the amplifier. '
The collector electrode of the transistor 1 is fed from a
 'current source 7 which supplies a current I. Collector electrode
of the transistot 2 is -coupled to a potential supply terminal 8
| which as illustrated is a positive supply terminal. An .output of
the amplifier 1s taken from a terminal 9 which is coupled to the
'collector electrode of the transistor 1 and the output terminal _.
"9 of the amplifier is coupled back to the input terminal 6 to
provide an oscillation sustaining feed—baék loop in the manner now

'to be described. .

The'output terminal 9 of the ampiifief_is coupled to the base
-/ ) electrode of an NPN tramsistor 10 which is connected-as:an emitter
follower. The transistor-10 has a collector electrode coupled to
the supply terminal 8 énd an emittef electrode which is coupled
through a resistor 11 of value Rg_to the base electro#e'of an
. " NPN transistor 12. - '

_ The transistor 12 has a collector élec;rode which is fed from
a current source 13 and coupled to the base electrode of a

further NPN transistor 14. The emitter electrode of the
transistor 12 is connected to a second supply terminal 15 which is
typically an earth terminal. '



T-- OSCI||atI0n sustalnlng feed back Ioop coupl ed betmeen the out put :
aRal 9 and the input ternminal 6 of the differential anplifier forned by
‘ansistors 1 and 2 includes two series conrected integrators. The
: of - the integrators i's fornmed-by the capacitor 17 whilst the second
integrator i's formed by the. re5|sgé} 11 the transistors 12 and 14 and the
capacitor 16. In operation output Current supplied by the transistor 1 is
i'ntegrated by the capacitor 17. The voltage devel oped across the capacitor
17 is applied via the enitter foll-ower formed by the transistor 10 to Nae
second i nt.egrator. Qut put vol tage provided by the second i nt egr at or and
appear i ng afbe rellestor celestreder gficthef traneistamsé sksoroupded staapplied to t he

IR E‘gﬁss’éﬁgﬁmw&&mﬂemﬁw ehaerel dlgecameidator, to L
" | Vv S| S
P 34 715 the hese Jletrrods of dFanaletr i pE) the B4 feRGRAY, img byt ho

18 provf
transi simm.sﬂex:aadd Zobynereansinal étha capselitey 1beéfveapaditendecr i nal s of the
resi st of base el ect.rode t he t.rans ors 1 2 respectively.
" The ci rvc‘bll“? &% deds 5ﬁ‘é° 5“%16"’? gt gﬂﬁmﬁaﬁa‘f"rﬁr iriéfa?"l??‘é “formed by the
- capaci tor the base emtmd;spélthgotransswqretu edofuxther aspecdtiolre br anch
Present &7 38 JdIRECENGE Mip el Redlian o Wakpde Wrddin @logeufer 11 OF the

net wor k- r esi st or across the resistor
t he i npikfferential cﬁmp%ﬁieﬁtm thenserth derpnalnbds substantially equal . to the -
out put . voltage of the second integrator Wth bias currents: | flomnng o

L ough each, Ot 10 LATRLSACL? dhe?lhad1blS T4 '8 Mdd 200%™ DO

‘one terminal of a resistor 18 of value R} whose second terminal
is coupled to the input cerminal 6 of the ‘differential amplifier.

Also coupled to the input terminal 6 is a crystal branch
comprising a ‘capacitor 19 and a piezo electrode crystal 20 _
connected in series between the terminal 6 and the earth terminal_
15’ « . . . ° . .

The oscillation scStaining feed-backfloop coupled-between the
‘output terminal 9 and the input terminal 6 of the differential
aﬁplifier formed by the transistors 1 and 2 includes two series -
connected integrators. The first of the integrators is formed by

ch is applied as -

L*)

the capacitor 17 whilst the second integrator is formed by the l. : - _ _K_/'.

resistor 11 the transistors 12 and 14 and the capacitor 16.

In operatioa”output current supplied by the tramsistor 1 is =
integrated by the capacitor 17. The voltage developed across the
E capacitor 17 is applied via the emitter follower formed by the
transistor 10 to the second integrator.



Transform not ati-on by the fol | ow ng equatron [err] Wiere K i s Bol tzmanns. -
constant, T is absolute terrperature g is the electronic charge and S i o
conpl ex frequency Equatron 1 above shows zero phase shift and a gain
falling by 12 dB/octave. The gain at the third overtone of the crystal ‘
therefore .19 dB bel ow that at the fundasgntal. Referring nowto Fig. 2of~ .~
the drawi ngs there is shown an oscillator circuit which is essentially the

-sape as*that shown in Fig. | with the addition of frequency adjustnent :
means fet adj ust i Pgtpite voltigel pxaviided brqthenegcanfl integostir hud or. L| ke parts -

in Figures 1 Q?ﬂe&ﬂ?gait bhé el £t @i@c‘i‘:r&ﬁ%fatﬁe trans'iZtorT‘i’ggf

adj ust nent of e oscillating frequency. a control circult cIuded
having an inp&e the F’E'ﬂ-sFPErﬁsb hehight farms o¥he; petvork zeasderf Pﬁt%r ator
provi ded by thcﬂfIhtéier t6!| @pheNdR DI ahBethe afwtslozo.lw% ut put 23

coupled to a ut 24 of the second-i gr.at by .t he base
el ectrode’ of ? %Pﬁ*ﬁ%ﬁﬁ the “‘fﬁ%“d’o rpﬁf"'g‘# 9’2‘1 éﬁ'&ﬁaﬁ 3 dheput
signal of adj dtfferketimipanpldfitex dotoed bysd:hedtnanpistoﬂ bfani 2 bycosand '
i nt egrator, c u S I he gsted in
dependence: upgﬁ éti% ool 1“’419’8 &g %ngélitn%gf & E#alr%?gt wg‘f’?ﬂist rated -
enmbodi ment thba%n!mroeﬁ ©fii the srensipearspl ﬂaldd f#eepemirvaiy-anpr ifier

circuit having the provision for tail current adjustnent to provrde

adj ustrrent of t he _anplitude of_  the control
J Thrn%ircuit is designed to oscillage with the crystal branch

-r : "_ formed by the capacitor 19 and the crystal 20 in series resonance, .

U

when the branch presents an impedance which is much lower than the
value R; of the network resistor 18. The voltage across the
resistor 18 which is applied as the input to the differential
amplifier is then substantially" equal to the output voltage of the

second integrator .

With bias currents I flowing through each of -the transistors
"1 and 2 the circuit 1oop gain may be expressed in Laplace
Transform notation by the following equation.

Gain = -._qI/. Pres s2c1cz'nz'_ e

\>/ Where K is Boltzmanns constant, T is absolute temperature, q is
' the electronic charge ‘and § is complex frequency.

Equation 1 above shows zZero phase shift and a gain falling by -
12 dB/octave. The gain at the third overtone of the crystal is
therefore 19 dB belqw that at_the fundamental.

Referring now to Fig. 2 of the drawings there is shown an
oscillator circuit which is essentially the same as that shown in -
Fig. 1 with the addition of frequency adjustment means for
adjusting the oscillating frequency of the oscillator. Like parts
in Figures 1 and 2 bear like reference numerals. '



- The d|fferent|al anpllfler circuit which forns part of the control circuit
Rl ovi ded by two differential anplifiers 25 and 26. The differential
pbAfier 25.is formed by NPN transistors 27 and 28 whose emitter . .
rodes- are coupled together and to a current source 29 which supplles a -
. ent of 'value Ii. The collectqr electrode of the transistor 28 is
coupl ed to the output 23 of the cdntrol circuit whilst the. col | ector

el ectrode of the transistor 27 is connected to the.supply termnal 8. The

base _egﬁt ?gc‘rjv‘?g?,;#dpgﬂgen ngf %Igr &lhgﬁ% ﬁié&‘(l H&S a8ordepBY - term nal fot-tft he

di-ffer put termnal 22 of the ,
cont r olcigenttul f@ndﬂcbldteﬁehﬂvliﬂsta"t éP?thﬁ? fod Fﬁ%" thejutppt of \hil st the -

~base elggt pRrige@ndt b&ég&a&% %&&Fid&& Wiesd drdkter @1eenodd ¢m|aué to the.
anplifier 25 is coupl a

: mnal o ere 18 The

- di ff er &¥enedstaRph4 PP‘era“ZB“'fpé‘tfﬁ r‘FQBP%‘V{ Pnd tsfﬁ?t%ﬁt Q‘f‘%‘ft aé ©31 having

- enitt ergeRbff Lnbéfta v iprbvided by)tqhbeuaseogudueodetmi the atrensirseqt source 32 °
whi ch igppl ies-a eurrent. | 2. The col l'ector el ectrode of the transistor

31 is cOdpled to the collector: eI ectrode of the transistor 28 and to the

output terminal 23 of the control circuit. The col | ector el ectrode of the

transistor g E&tt‘rv\%pdiQGuiPZtlhfee%Hpﬂi Yut tmsma:talSof ajesbaie el ectrode of
the transistor IS an in E‘?PF ggplfler 26|s coupledtothe
8

i nput taephitvde o> the aeqend JPrb) cP? HeREAtOTr St er i nal of the

resi st QgcdBLad¢iing &fre&&&acbaée tﬁéaﬁcu.l)moofbéﬂng sdjussedtior 30 is coupled to
the second ferm nal 18. Th digﬁrent lal- anmplifi ers 25 and

26 bi adenense “E‘Etr‘tpgﬁt@' [8‘?‘? Leide tfo{he °°“t_r°

_ In the illustrated embodiment the control circuit is formed
by a differential amplifier circuit having the provision for tail
current adjustment to provide adjustment of the amplitude of the

'control signal.

The differential amplifier'circuit'which forms:part of the
control circuit is provided by two differential amplifiers 25 and -
26. The differential. amplifier 25 is formed by NPN transistors 27
and 28 whose emitter electrodes are coupled together and to a

- current source 29 which supplies a current of value Ij. The
collector electrode of the transistor 28 is coupled to the output

23 of the control circuit whilst the collector electrode of the - A _

,_-l

»

&
The base-elctrode of the transistor 27 which provides an

input terminal  for the differential amplifier 25 is coupled to the

input terminal 22 of the control-circuit'and to the first terminal

of the resistor 18 whilst the base.electrode of the transistor 28

transistor 27 is connected to the supply terminal 8.

which forms a second input to the amplifier 25 is coupled to a
second terminal of the resistor 18. : '

The differential amplifier 26 is formed by NPN transistors 30
and 31 having emitter electrodes which are coupled together and to

a current source 32_which supplies a current Ij.



and 12 respectively supplred by current sources 29 and 32, receive as .'
i-nputs the vol tage appearing across the network resistor 18. ' The a.c. g ¢
si gnal_output current fed to the output terminal 23 of the control cifoufy®
and hence to the second input 24 of the'%écond integrator will be zer (\q
(assuming that the transistors in the differential. arrplrfrers 25. and
of ideally matched, characteris t.he curren e 12 supplied
by thescurrent sodPEef® 9“%1"%%? é%epé’%tﬁfer’gﬂ“zg?% °etqa<lall s ]é‘i?r g(be vari ed
by var¥sng t hehe adodéctolk  elextosdeh of thef tidmeistorr E&rtasd[m the amtdp{ﬂerr] '
NegI ecting Se%O ngidfj Ef Ih CL&%tr%}becilr&?R gﬁ& cgilécQ ES{‘.]leeaL:rtéﬂé series
resonance frequenc circurt i's grven he control
circuit theretmvigeweﬂﬁtt% caupmseo sthefqupalyrteemcé [ #h¢ [basef [err] The

phase shift rraye&%ohéaa# ege QEaAﬁQGbﬁglpﬁﬁ%hnfh tahr Gigal Zdaﬁ:ﬁefﬁblmléa| val ues
of [err] and ri. far described the circuits |Ilysﬁ{§a &ég@ Frgures
en

1 and .2 do. no GS’r?oﬁP‘fﬂeﬂe'E%rtf‘eéﬁ?“?rééﬁg nal 22 of JHe SARYTS

‘operating condbtthensirst! teriiighl oBpfiRareqiatsr i8ewhitlsitncier pasat e D. C. b| asi ng
by sinply addi a resistor bet e term,n nel it 1bi as

vol tage. - Thi §P€ﬁ§ﬁf’ ﬁgng?eattea'éf\éegﬁtag Ve ]cg\épd.egacq(t %osr?%g- zerg%i@r equency
(where the i nbfghet readstor 1Baoperative). Due to the action of the

i nt egrat ors however, a 180 degree phase shrft woul d be provi ded -at
Trequencr es at whi ch t he

y : The differential amplifiers 25 and 26 biased by currents 11 -

and Iy respectively supplied by current sources 29 and 32,

@

~ receive as inputs the voltage appearing across the network
resistor 18. The a.c. of signal output current fed to the output
‘terminal 23 of the control circuit and hence to the second input '
24 of the second 1ntegrator will be zero, (assuming that the
transistors in the differential amplifiers 25 and 26 are of
ideally matched characteristics), if the currents I) and Ip
supplied by the current sources 29 and 32 respectively are equal
and can be varied by varying the values of one or both of the

" currents I and Ip.

 Neglecting second order effects, the loop_gaia_of the circuit
“at the series resonance frequency of the crystal'circuit is given
U by ' '

Loop Gain

' T (r,-I.,) -
% — o2 |2
-/ 28, CR, 4sc, |

qI . ﬂ'I1-Iz ,
= 1 + b SCR2 esses
EISCCRy z ]

af’e



gop-gain is very high.. Any excess phase shift in the circuit could then
"%égt in spurious oscillation In a preferred enbodi nent of the present -
iR shtion this problemis overconme by use of an aUX|I|ary f eed- back | oop
‘having | ow gain at oscillator signal fregencies, in order to set the
qU|escent operating conditions of the anplifier.. A preferred enbodi ment of
theinventionis illustrated in FIg. 3 to which reference.will now be ‘made.
“Like parts in Flg 3 to those in.Figures 1 and 2 bear like reference
nunerals. The_c S tael O the col | edor
of the tranrs]flﬁgt‘%:){‘rrm:?g ?orrreéz%mwgéﬁgérqa%glasyg'rgsg%hgﬁg resistor 34 the.
coIIectéremﬁthébtP§n5|stor 33 belng coupl ed to. the collector electrode of -
“the transistor. | and the emtter of the- tran3|stor 33 being coupled to the
supply terni-nal- 8 through tfhe resistor 34. -10- D.C. bias for the

transistor 33 i.s providedly a D.C. bias ch I n |nclud|ng PNP tran5|stors'35- B

~and 36 and NPN transisteas |&€;mnd 3& angl repistors 39, 40, 41, 42, 43 and

44. -The base el ectrodes of [the trangrfrvT 3-and 35 -arge coupl ed together

. and to the supply terninal through®the rekistor 40°°%he transistor 36 has
" its base el ectrode .coupled to the collector electrode of ‘the transistor- 35,

“its collector electrode connected to the earth terrinal 15 and its emitter -

el ectrode coupled to the base el ectrodes of the transistors 33 and.35. The

- emitter el e®P? Q@syishife nay besilepdingzar |]§5§tft§pl’§¥’t“§ 'E‘H:é’“%ppl y ternminal. 8
Vi a thezémsiest GquaP.values of 11 and 12. o

-

As so far deScribed the circuits illustrated in Figures 1 and
2 do not show in deteil any means -for establishing the quiescent
operating conditions. It might appear possible to- incorporate
D.C. biasing by simply adding a resistor between the. terminal 6i :
and a suitable bias voltage. This would generate a negative :
feed-back loop at ‘zero frequency (where the integrators are
- inoperative). Due to the action of the integrators however, a 180
degree phase shift would be provided at frequencies at which the
loop gain is very high. Any excess phase shift im the circuit

could ‘then result in spurious oscillation .

In a preferred embodiment of the present invention this

problem is overcome by use of an auxiliary feed-back loop . S N

. having low gain at oscillator signal freqencies, in order to set
the quiescent operating conditions of the amplifier.

. A preferred embodiment of the invention is illustrated in -
Fig. 3 to which reference will now be made. Like parts in Fig. 3
to those in Figures 1 and 2 bear like reference numerals.

. The current source 7 ﬁhich provides the current to the
collector of the transistor 1 is formed by a PNP tramsistor 33 and
resistor 34 the collector of the tramsistor 33 being coupled to
the collector electrode of the transistor 1 and the emitter of the
transistor 33 being coupled to the supply terminal 8 through the

resistor 34.

L



current. irror formed by the transistors 33, 35 and 36. The resistor 40

ensures -that the transistor 36 isS.

A’capacitor 45 is coupl ed between t[h_e_.baSe el ectrode of the transistor. 36 .
~and -the 'supply terminal 8 and is provided to ensure the stability of the"'\_‘

adequately biased to absorb any signa

current fed through the collector-base capacitance of the transistor .33.
“The coll ector of the transistor 35 is celfy ed through the resistor 41 to’

t he calftector

el ectrode of the transistor 37 whose emtter el ectrode

cqupl €8t o the earth supply ternminal 15 thr ough the resistor 43. The
at the base of the transistor 37 is set by neans of the transistor 38

I evel

having its baﬁec el gedd 26# &eu&ﬁm&ﬂ B® 160htRALd 1§ 8W.ICORLaRS chdla -

transi stor. Its collector ect rode to the su y t
and its eni ttéﬁ“’]é‘fié‘t‘ﬁ ?Hﬂe“%ﬁ%%’ﬂ‘ % f‘ﬁ‘g%g ‘é'} gggcﬁrFBﬁét{}f"gqﬁ a ‘fao'ﬁ]s
37 through t hend eestdots 4, &0e 4lyré2Aes3 ramdi Bt.0or 44 havi ng one terninal

.connected to the base el ectrode of the transistor

connected to the earth supply termnal 15. The bias chain also pr
-D.C. bias to the mrhsﬁe eeotrades of sheetrangiatorpiddt prdh3bsans caeplefd

T esi stor 47.

‘tail

enitter el ect TRfidsansistor 36 hassits (ﬁ%’eﬁe&ﬁ’éf’d%"%ﬁ

current

S
D. C

nal 8
i st or

37 and its other t er m nal

OVI des _

'ah&%@&héls%sf,i,o%re{na&hs Chk86 $hO redbstdro¥0 Jes t hé

or t e differentd a fier 25 andl'ﬁ conpect
&

§ fdolieqrar' "

differential aml:tédeebfaﬁae tddiB18tor BBJ mbeamédmzoeuduou a:loened;ted 46 is

coupled to the earth rmonal 1 thro e base
“electrode is E‘b 5&3555 'f)erf“g‘éﬂbzgeangl 8c ge egf %%‘?r a%éu Eg'/ﬁ‘g -
CcOrf ent sourcbas&ZeWutchdessoﬁrﬂad]:tﬂlsabtqrsciﬁ raedt3530u?h%emittet -

electrode of the transistor 35 is coupled to the supply terminal

8 via the resistor 39.

A capacitor-45 is coupled between the base-electrode'of'the-
transistor 36 and the supply terminal 8 and is provided to ensure
the stability of the current mirror formed by the transistors 33,
35 and 36. The resistor 40 ensures that the transistor 36 is.
adequately biased to'ebsorb aoyHSignal current‘fe&-through'the

collector-base capacitance of the transistor 33.

The collector of the transistor 35 is coupled through the -
resistor 41 to rhe collector electrode of the transistor 37 whose
emitter electrode is coupled to the earth supply terminal 15
through the resistor 43. The D.C. level at the base of the -
transistor 37 is set by means of the transistor 38 having its base
electrode coupled to the collector.e}ectrode of the transistor. 37,

its collector electrode connected to the supply terminal 8§ and its -

emitter electrode coupled to the base electrode of the transistor
37 through the resistor 42, the further resistor 44 having one

terminal connected to the base electrode of the transistor 37 and

~its other terminal connected to the earth supply terminal 15.



i ch provi des the tail current for the differential anplifier 26 is
‘l'y biased by nmeans of NPN transistors-48 and 49. The transistor 48

y 'ts base el ectrode connected to the base el ectrodes of the transistors-
37 and 46 and its collector electrode carries the tail current of the
~differential anplifier 26 and is connected to the emtter electrodes of the
‘transistors 30 and 31 which conpri =t he di fferentlal anpl ifier 26. The
emtter electrode of the tranS|stor 48 |s coupled to the earth termi nalmmé
through a resi s 5 1§41 ansi st o as |t emtter el ectrode. cou d
Lo that of CTHe bPes, SRate iah SIS LY BEL 5, Ehl ity &G Cror
el ect rod9 fomedcb;edl mtmnsiqsptyﬁ& enclnmal.st&r 47I'heTbsas=91k¢cetotr ode of the

transi st a @190 dﬁgiﬁ] rosé e,rrm,gfeg O??Et tﬁgicongpe 1 £P Ghat ion a control

- potentia I"I'tu trol potential det ermi nes
“the val Lﬂéféqzrecnﬁéa% arnpli:ﬁ}uere%ﬁ amé %Fometeﬂ ftpekhenepbttesnpl i fier 26 and

~hence ”Eief:@:!'o%EhVﬁ rmsrurtaudﬁ:aistﬂeaﬁmrzeeﬁtﬁhléom%aﬂsel&hby means of which
thefre%égil%/ osm{ tion -of the ’(ismll]ge& ‘{mé controlled The . .
Cenmitter 9FEEE °F r&tsi Theo PodbFer e laGhptde 8 e neans of a NPN
‘transi sterandidthaviengsi ¢onpbes oectiac eante temmal:tlcsdthadgheﬂ&m tter electrode

of the t t t e t earth’ t erm nal
15 thr Ohfeﬁfs;ﬂo?:eg swt?’l 2%865} Lt‘?‘*@%ﬁ% Qd':%nﬁg&t%d goettgon%gsct ed to the
Cenmtter edpetnodedef Ghetmnﬁ#ﬂmsﬂﬂt-or ' -12- The transistors 1 and 2

- which conprise the arrpllfler of the osm IIator feed back Ioop are not

bi ased by neans of R
S o

The current source 32 which 1s an adjustable current source
and which provides the tail current for the differential amplifier
26 1is similarly biased by means of NPN transistors 48 and 49. The
transistor 48 has 1ts_base electrode eonnected to the base
electrodes of the transistors 37 and 46 and its collector _
electrode carries the taii current of'the differential amplifier.
26 and is connected to the emitter electrodes of the transistors

.30 and 31 which comprise the differential amplifier 26. The -
emitter electrode of the transisto: 48 is coupled to the earth
terminal 15 through a resistor 50, |

The transistor 49 has its emitter electrode coupled to that
of the transistor 48 through a resistor Sl'and.its collector

electrode connected to the supbly terminal 8. The base electrode - ' _— o

of the transistor 49 is connected to a terminal 52 to which in
operation a control potential may be applied. The amplitude of
the control potential determines the value of the tail current |
I for the differential_amplifier 26 and hence the relative
magnitude of the currents I; and I by means of which the
frequency of oscillation of the oscillator may be controlled.

The emitter electrode of the transistor 14 is supplied by
means of a NEN transistor 53 having its base electrode connected’
to the emitter electrode of the transistor 38, its emitter
electrode coupled to the earth terminal 15 through a resistor 54.
and its collector electrode connected to the emitter electrode of

the transistor 14.

e



conventional bias chain but by means of an auxiliary feed-back |oop having
| owgain’at oscillator’ S|gnal frequencies. The current source 3 which /
suppli es. the tail current for the transistors 1 and 2 of the differenti g
anplifier is formed by a NPN transistor 55 having its collector electrode
connected to the emitter electrodes of the-transistors 1l-and 2 and its
emtter electrode coupled to the earth termnal 15 through a resistor 56.
'The transistor 55 is biased by neans of the current flow ng through the
transi Stor 12 \Ahosmeem&ﬁﬁamﬁs qowal deﬁiehtéBip?fé’et hh& ermmmlerléf theough two
seri es connected ﬂodes ch‘? are lds &e ' base el ectrode- of
the transi st or°%saltaf Eoﬂ?fé’c B R ﬁée f88e ‘??'n“’??‘fg 8 dYes 57 and 58.

‘The current smengentiionakbiby dhiadn thusinky siegus 55 amausillary sfeetioback6 and )
whi ch supplie t C ard 2 is biased
with the voltgg%pgmégk%ﬁﬁﬁ %%?bggQQgﬁgggg%hggkéggﬁkiat|gﬁ}of?g%e di ode 58
and the resi stoWrreg spurdec3 sihiick quppliesythe $ail murrentn£paithe 12. The

current suppl ifgdnéaebbs leBh& 2eb8 e &i¥elétinl Siissierafdl Rrhsd HHUS
controll ed by _the current I n th tranS|stor 12 and thjs connection
éstabl i shes t BN tranpiesar ﬁ%g‘&l’?‘ 1F%é’8 T| Shssthedec rounected Fonthech t he

qui escent cur rembttserf ebadtirgdésn of theC etdnstétorsofl dnde2 tandnstsstentttkrt 0 t hat E
SuPPLLED DY * EeCUihE Moh O §F Gl MEAYDYeddifal 'TA01AGR, £ JeRIMELS 1 °51 ST O
34, defining in-conse U|escen current ransi st or

12, the qui es@éﬁtt@eﬁiﬁ@ré5 de| hiageddw weanst of iheseunrent flawinghe qui escent

v t tages at thgr&ight b t%L@él%E@HQZOthJ%Eeediﬁ:@&S'ﬁt E‘éupléd %dtﬁé‘%a%ﬁe

el\étf rodes of the transistors 1, he_qui escent

‘voltage at th&eFRiaalelnthronsh Bio sheies; amegﬁﬂ dizdescamé'ét% and e
col lector el e¢esiuton S¥. t e bagneleitrbde HF ondl ::iansﬁcdetserm ruadnbgceuhe

VO' tage drop (gf thheno&S%egwne‘e%t ghe diodes 57 ‘and 58.

The current source formed'hy the transistor 55 and the
resistor 56 and which supplies the emitter electrodes of the
| transistors 1 and 2 is biased with ;he voltage'developed across’
the-series combination of the diode 58 and the resistor 59 in the
emitter circuit of the transistor 12. The current supplied to the
- emitters of the tramsistors 1 and 2 is thus controlled by the
current flowing in the tramsistor 12 and this connection .
establishes the auxiliary negative,feed-beck-loop which acts to
N2 match the quiescent currents flowing in the collector of the '
transistor 1 to that supplied by the eurteht source formed'by the
transistor 33 and the resistor 34, defining in consequence the.
quiescent current flow in the transistor 12, the quiescent
= collector voltage of the transistor 12 and the gquiescent voltages
at the emitter electrode of the tramsistor 14 and the base
electrodes of the transistors.l;_z, 27, 28, 30, and 31. |

The quiescent voltage at the base electrode of the cfansistor
12, connected to the collector electrodes of the transistors 28
and 31 is determined by the voltage drop of the base emitter |
Junction of the tramsistor 12 plus those of the diodes 57 and 58

and a (in practice) small voltage developed across the resistor

59.



&fi-on of the transi stof 12 plus those of th'e di.odes 57 and 58 and a (i nl
i ce) small voltage devel oped across the-resistor 59. - -13-  The

“at- the base electrode of the transistor 12.by the base emitter vol tage of

gcent ‘vol tage at the collector of the transistor | is raised above that

‘the transistor 10 and the vol tage_gfop due to the collector currents of the

transistors 28 and 31 flow ng throligh the resiator '11.. The transistor 10
is provided with additional emitter bias current by means of the- reS|stor

60 coupl ed "i‘ﬂ%"‘@ﬂQsE&lﬁ 96‘1&&@%: %h@%’iﬁ?é’&o?f of NRel FARSLSGR 1 1Q and thelus

earth term na I'n order "to increase qui escent - voltage di f ference’

_bet ween Fakgedcabqvec that aF thecbage,;glectirgde PZ &‘i‘ﬁj traesigseEd20PYt he transistors

"1 and 2 th@badd Cédtic 08 lvo N d}et bﬂ%esfﬁ’nsﬁétdrsl@(i(iﬂdtheTbelﬁa’g%n&tdptOr [err] has

-its base el ectrode,connected to the.coll ector el d e transistor
12 whi | gl’ |“Pstléem°f’f‘£ CLeF HEFEREE P Q'Snﬁléaé\’éﬁt% 8 "8 :&a(}gf’l&igr ode of -t he
transi stbrough thed resiatondied The trensidater &0 el Ipode.ckeﬁ vivh transistor 2 by

oans ObafGRke Rl A ol Suiak O Bhafd 88 5eRackbRg Tansi stor 6L s

connect e e su erm na ase el ec e of the transistor |
i's connemléedthﬁtwhen éh?—t@'léltt@f edeetred€ o¥f ghe aﬁ!&%#ﬂ.’a‘-ﬂﬁl 1O\RrA tthensi st or - 63
whose CgiteRCt&miBLEQNS', ode is connected to the supply terminal 8 and whose -

base el-ectrode is connected to-the coll ector .el ectrrode of the transistor 37

and the base el ectrode of the transistor 38. ~The transistor 63 is: prow ded
I n ()rder tOIurﬂndbrttdaincrease the quiescent voltage difference between. '

the collector of the transistor 12 and the bases of the SR L - - &~j.'

transistors 1 and 2, an additional NPN transistor 61 is added. -
The transistor'ﬁi'has lts base electrode'connected to the
collector. electrode of the transistor 12 whilst its emitter
- electrode is connected to the base electrode of  the transistor 14
_ and is coupled to the base electrode of the transistor 2 by means
of a resistor 62. The collector electrode of the transistor 61 is

connected to the: supply terminal ‘8.

The ‘base electrode of the transistor 1 is connected ‘to the
emitter electrode of an additional NPN transistor 63 whose
collector electrode is connected to the supply terminal 8 and -
whose base electrode is connected to the collector electrode-of

the transistor 37 and the base electrode of the transistor 38. . _ \J/

The transistor 63 is provided in order to inhibit a
“latch—out™ condition when power is applied to the oscillator -
circuit, Such a condition could occur if the transistor 55 '
forming part of the current source 3 became saturated. The base
electrode of transistor 63 is blased at a voltage which is defined
by the transistors 37 and 38 and the resistors 42, 43 and 44,

~ which is sufficient to’ protect the transistor 55 from saturation
- while being sufficiently low to maintain the transistor 63
non-conducting under normal operating conditions. '



"l atch-out" condition when power is applied to:the oscillator circuit. Such
a conditi'on could occur if the transistor 55 form ng part of the current ,
sour ce -3 becanme saturated. The base el eéctrode of transistor 63 is biasgd
at a voltage whi-ch is defined by the transistors 37 and 38 and the _
resistors 42, 43 and 44, which is sufficigot to protect the transistor 55—
from saturatlon whi |l e be| ng suff|C|entIy low to mai ntai'n the transistor 63
non-conduct i ng under nor nal operating conditions. -~ -14- Assuming as for
t he entodi ment gf kit 65 ab Mldtﬂetd%]?bd:tdtﬁt(‘dﬂlslgﬂrebrhm 2 ahaecthey the
capacitor 19 an zerq ance at series sonance,
then the | oop g EQP brt’ﬁ%h ??F%%l Py E?' tﬁaé’t“# ggna&%/ ﬁha cﬁ%“e“; ’f’é?ged as;
[err] [err] Loafpzm rmpediince catAsertes r@mﬂ}cebhehtm Bhe laoop gadnr of \there C -
[err] Wiere 1 n 4 Led respectively by the
transistors S?Tﬁ‘jéﬁgng Ehat gréfu@n%#;%ragﬁeg 1%sﬁlfa’tpclglﬁrrent supplied by the
_transistor 55 to that rovm ng i n-theptransi stor 12 Re i s The inverse of
the nutual conductance of t41 qprrbln tlpr]_ gf t E anflst(f 12, d| des 57

-and ‘58 and the resistor 59.° [83iche t{ansi stor‘l pass |escent current '
112 and the resistor 59 |s,pf<-1-val ue err] t'hen; - . f"’ - v :
IoopGain RS 46 '
_ 1 "+ A .+ B + C
j \/ | Where A = S [(_:oRo + C1-Rei‘
' ' ... n _
Wi _ 2
_ eB. = 5 El [CZRZ Ry * Reﬂ+ CoPoPe
n L
Wherg.c = 8 %_-C1CiCOBbR2Re..

Where 133, I;6 and I48lare the currents supplied
respecti#ely by the transistors 33,'46 and 48, n is'tﬁe ratio of
the current supplied by the transistor 55 to that flowing in the
transistor 12, Re is the inverse of the mutual conductance of

the combination of the transistor 12, diodes 57 and 58 and
the resistor 59.

. . If the transistor 12 passes a quiescent current 112 and
N  the resistor 59 is of value Rsg then;

Re = 3 + Rgg

quz : ’ ) .-0006

Co is the total stray capacitance at the node betweén the
collector of the transistor 12 and the resistor 22.

The values Cl and C2 used for the capacitors 17 and 16
respectively must include the appropriate stray capacitances. The
collector base capacitance of the transistor 12 is included in the

value of C2 as well as in that'c



[efd. Co is the total stray capacitance at. the node between the collector
‘.@\: transistor 12 -and the resistor 22. The values Cl and C2 used for the -
W tors 17 and 16 respectively nust include the appropriate stray '
‘capatCi tances. The coll ector base capacitance of the transistor 12 .s

i ncluded in the value of C2 as wel lls_as inthat of CO - -15- The value R1
of the resistor 18 is calculated according to the characteristics of the
crystal 20, the range of frequency adjustnent required and the phase shift -

range Chfgseyh1herri BB e :Jm;w\a%nu cmb&maata&um YtsWhedbl € for
in an integrated circu he advantage that the.

i ncor por at?ﬁg g 3&1

cryst al °BREArERTiRRAE Of) Fhe YRt 2Dy el?“&ﬁd°§ ﬁée‘t‘ﬁ?ﬂal 20 whi ch would of
cour se hajsstmentaleqhirddhand nhe phake shift Qtange Nhoden makyuhﬁnbe connected to
-a single termnal of. the circuit. 1n addition only the single capacitor 19
- need be placed'in series with the crystal- 20. The oscillator has |nproved
“tenperature Shesinventiopn tmpantdcuderipenitiabde fforniscorpaygtdngtypically 5
Volt, SHRPidteg me‘&tgi %and Eoe el oL a2 eec9§§e41| ator circuit

conpri si ng aving an input for cmig crystal resonator -
t her et ob?“céné‘“aﬁdo'ﬁt ;Hl? capachrar 19 apﬁoﬁresesx%ﬁ %“Pé@bl smukk | oop coupl ed

- bet weenot huosd it eddddnkl &ol £l inOégrabed RAPLuLti Réedst bELY @fbe
connected to a single terminal of the circuit. In addition only

the single capacitor 19 need be placed in’ series with the crystal _
20. The oscillator has improved temperature sensitivity and may o k_;_'
be operated from a single, typically 5 Volt, snpply. ' C



including a first integrator and a second i ntegrator fed fromthe first
1ntegrator, each of the mtegrators providi ng substantlally a [err] phage

shi ft'~whereby overtone oscillations are inhibited. 10 2. A crystal
controllable oscillator as clained in claim 1 wherein
' COfrpri'S’es a differential anplifier haviﬂé‘an out pu and secona
i nputs, the feed-back | oop being coupled to the ou QMF’H renti al
second

anplificer, means being 15 provided fo {] ciﬂgpl ing the ou
i ntegrator to the first and second |np"t f the differential arrp ifier. 3.
~An oscil-lator circuit as clainmed in claim2 wherein the output of the

second i ntegrgtor g 'Erfs‘%ﬂ?'ﬁ%ﬂtt&ﬁbfé 'b§£1IQEt¢?r0ciFé’@tt&fnﬁ\ri‘ﬁ| resistive.
means the said two termn ein tores}p%c{lve $q‘ﬂ‘{ueflrst '
and second i npURLifder thaxing FFe‘r’E’Htg' I ing @ crygtal rggo BTI BY% circuit

~as clained § nam)anpbeqﬁdg e otaumem Qs tai mirigu fieedebaaka heopf coulﬂd!jdustl ng the

frequency of o} S th din claim4
wherein the n@gﬁvéé #“eag?'fﬁ‘[t anfﬁg%ﬁkequgnéwech@&ﬁﬁ?ﬁ at%glr?HEo rises a

control ci rcuuinchuhnmgu &ﬁlf‘stnpl!lte%‘étﬁﬂ and @oseqpadointegrator fode fFE &R of the
30 two integrpof InPelftalor,OBhEr bf Cenapred P&Jtoﬁ'scﬂmvﬁ@ingl substantialhe second

"1 ntegrator wher
control |l abl e |an8@eﬁbﬂﬁeﬁgb&ggﬁe&e"v&?ﬁ%ﬂ% ﬂﬁ%hﬁkgﬁ%é Z)+|%§F5¢1dzl appl i ed
to the cont@ol i nput by the control circuit. = -17- 6 An oscill ator
circuit as cl rreq‘ |:: ﬂa‘fl‘vﬁnﬁrm%% st atoR ldsOk1 dinkd Uit claimoperative to
prow de a cont roI
AN wherem e amplifier comprises a differential amplifier having an
; output and first and second inputs, the feed-back loop bemg : '
coupled to the output of the differential amplifier, means being
15 provided for coupling the output of the second integrator to the

first and second inputs of the differential amplifier.

3. An oscillator circuit as claimed in 91a1‘m 2 wherein the -
output of the ‘second 1 ntegrator is coupled to a first of
20 two terminals of resistive means the said two terminals being
~ coupled to respective ones of the first and second inputs of the .
differential amplifier. '

. 4. . An oscillator circuit as claimed in any preéeding claim and
_ / -~ 25 including means for adjusting the frequency of oscillation.

5. An oscillator circuit as claimed in claim 4 wherein the means
for adjusting the frequency of oscillation comprises a control
circuit having an input coupled to the output of the second of the

30 two integrators and an output coupled to a control input of the
second -integrator whereby the loop phase shift of the feed-back
loop is controllable in dependence upon the amplitude of a control
signal applied to the control input by the control circuit.



anpkitsyde range provi des | oop phase shlfts OWM zero
. pg,hlft. 7. An oscillator circuit as cltained in clai 6 wherein .
“theXoAtrol circuit conprises differential am,”’mm ving an i nput-
‘fed fromthe output of the second integrator mﬁ I!Q provi di ng

the .control signal, ‘and tail curreﬁ adj ust.nent freans * o erabl i ng a tail
current of the dlfferential anpli-ft’er nmeans to be changed to ef-fect )
adj ustnent of the anplitude of the control signal. 8. An oscillator .. =~
circuit 625 C t r lifier. mansSww
incl udes tm%jisgggjfie%flg cmzlglq‘]?iérg%ﬁai\}fﬁgh%%? 819%lj glc')u ed toget her to
provi decentEod pizauityfist operabiie §p pHovdde ta amrregc#mahmsan i nput coupl ed
to the supiRvhdedrahfte pPevsaas 1dUpCPRaNeOEh1ftBCot p ofiter Sddseaghdatt MENt MeEAns
-being arran ed to ovi'de rel ative adjustnent of-the tail currents of the
two di f FEPeRrd E%Ilflers 9. An oscillator circuit as claimed.in any
- preceding cl ai m\/\herel n the.anplifier.is coupled to an auxiliary negative-

feedback | ogp RV AL SLALLIEIS LONNIR! i 2afloS! 41 3 Hoigral 1 Meauenci es

~for pr oVl di ng quiéscent bras tor t rfrer n-oscill ator
ci rcui tcantre} sinewlti gonprises differaptiakiampl ermwdwim gmt egr at ed

ci rcui tinQE nfedlérom%ﬁé Yo%'ftaﬁt GENthe Iseddiide m@é‘grhhaé %dCJn{ %HtﬁutCOWprl sing a
-dlffereptlal lifjer hawlg\% an out g#ltté\_{l flrstﬁand ‘second inputs; a
crystal*® %) Hhe RPISER L BAEn R 2 GH5Eent, AJUBtBERhI y terminal ; an
osci | | aidaas mrséﬂmmg d eeil lkaeckedtoop muaiﬁdreﬁtMeantpmﬁier of the. '

di fferentlal o lc'hfa'n§ e'+ tleggp%déugt Engf zihfl stnh“dltegge&thor and a second

|ntegrae8r 4% r O i Pt grator, “heans ng an Sout put of the U
-second qonte@r atlmal- _ : :

8.. An oscillator circuit as claimed in claim 7 wherein the
"differential amplifier means includes two differential amplifiers':;
having outputs coupled together to provide the output of the . _
control circuit and each having an input coupled to the output of;
the hecond'integgator, the tail current adjustment means beingp__
arranged to provide reletive edjustment of the tail currents of |
the two differential amplifiers. -

9. An oscillator circuit as claimed in any preceding claim o
wherein the amplifier is coupled to en.auxiliary negative feedback _ _ _
loop having relatively low gain at oscillator signal frequencies = W
" for provlding-quiescent D.C. bias for the amplifier. ' | '

'10. An oscillator circuit as claimed in any preceding claim and
provided in integrated circuit form. . -

11. A crystal controllable oscillator eircpit comprising a
differential amplifier having an output and first and second
inputs; a crystal circuit coupled between the first input and a
supply terminal; an oscillation sustaining feed-back loop coupled
to the output of the differential amplifier, the loop including a
first integrator and a second integrator fed from the first

lntegrator, means coupling an output of the second integrator.



-18- first and second inputs of the differential anplifier; a frequency -
contrel circuit having an input.coupled to the oﬂlmmm ” ' nd
i ntegrat.or and an output coupled to feed an adj ud# L"u ﬂmmfreque
control signal t-o a control -input of the second integrato” ahd an auxil
negati ve feed-back | oop having rel ati vel_ysl_ow gain at oscillator signal

frequenctes coupled to the differential anplifier for establishing = -
qui escefit _D. C. . biasing for the anplifier whereby to provide an adjustable

frequermsy crystal controllable oscillator in which oscillations at crystal
overtones are inhibited. 12. A crystal controllable oscillator circuit

substantial’ly EiFshef feerndcinmnts o the rdiflerantdal amphifigs; ia frequenred in
Fig. L Fi g. Zchﬁ:gfiarc&:oham@ @i apif coupled to the output of the

second integrator and an output coupled to feed an adjustable
. amplitude frequency control signal to alcontrol input of the
second integrator and an'auxiliafy ﬁegativé feed-bacE'lodp having
-;. o ~ relatively low gain #t oscillatof signal frequencies .coupled to
. " the differential amplifier for establishing quiescent D. C.
- | - blasing for the amplifier whe;ebj to provide an adjustable
a frequency crystal controllable oscillator in which oscillations at

& i“} _ crystal overtones are inhibited.

12. A crystal controllable oscillator circuit substantially as
herein described with reference to and as illustrated in Fng 1,
Fig. 2, or Fig. 3 of the drawings. ' '




