" OSCI LLATOR CIRCUI T" This invention relates to oscillator circuits. On
known .crystal oscillator circuit has a trimrer capacitor to control the
oscill€ation frequency, so its construction is conplex. 5 The
Qscillation.frequency drifts with change of tenperature, so it can be used
only over a narrow tenperature range. An oscillator e€ircuit whose frequency
drift rate is about 2ppmin the terdperature range 5 to 35 has a far higher
frequency drift rate outside this tenperature range. 10 . According
to the present invention there is_provided an oscillator circuit’

conprising: a plezoelectrlc V|5F5F§VHPBHHE§H Bs a frequency standard; a

plurality of el ect es on éhe syrface of tg?e\tg’lezpequgctric vi br at or
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The pul se generator neans nay | nc uency
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for controlling t e out put pu ses equency

di vi der. Pref&gnaph XJSEB%ﬂ%b&é@%oﬁaﬂoQ%ﬂpekmdf&gteerr%{ st Prator

conpensating means for varying the duty ratio of the switching pul'ses as a
function of taree{@WMbSse f%é?uency drift! PatlNes Rl MeRbnt {IE RE| SEpUERaLAL OF

means includes a ring oscillator consisting of GMXS Inverters connected -in
a circle. InagéEroemdabsentrat ha Jaut SegeaRyaAlPIfITRAAS dubsiadesia CR
temperature range.
1C According_to the piesent invention ﬁhere is provided.an
oscillator circuit comprising: a biezoelectric vibrato:.fof use as
a frequency staﬁdard: a plurality of electrodes on'the surface of the
‘piezoeleqtric vibrator jo;ntly defiﬁing an electrode area; pulse
generator méans for generating pulses having a variable duty ratio;
15 and switching circuit means responsive to the pulses for swiﬁching
the effective electrodg area of the piezoelectric vibrator for
controlling the oscillation freqﬁency thereof.
The pulse generator means may include a'frequenqy divider for
dividing the output frequency of the piezoelectric vibrator, and a
20 control circuit for controlling thé pulse width of the output pulses
from the frequency divider. |
Preferably the oscillator circuit includes temperature
compensating means for varying the duty ratio of the switching éulses
as a function of temperature.
25 In one eﬁbodiment_the pulse generator means includes a ring

oscillator consisting of C-MOS inverters connected in a circle.

In another embodiment the pulse generator means includes a CR



2 - oscil

lator with a thermstor. The invehtion is Il lustrated, nerely by

of exanple, in the acconpanying draw ngs, in which: Figure 1 Shows

erfati cal
e present

|y one enbodi ment of an oscillator 5 ‘circuit according to

i nvention; Figure 2 shows .front-and rear views of a

~ pi ezoel ectric vi brator .of the oscillator circuit of Figure 1, Figure 3

il lustrates graphically the fregquercy-tenperature characteristics of- the

pi ezoel ectric vibrator of Figure 2 with 10 change in duty ratio of

swi tching pul ses applied thereto:

circuit according t.o the present invention; . gure il

il lustrates grapFigess y shevs Fémya%%ﬁéﬁa?%i’éﬁ'&? 3€t§? |°§F?4:Jsa"t9F aring
of the oscillator circuit of Figure 10; Figure 12 is a circuit
di agr &m of siy@aHtf a??%n%n%ﬂﬁeﬁ’ﬁesﬁf‘tawvﬁﬁﬂq'at or circuit according to

i nvention; 25 gure 13 shaows front_and.rear views of
a pi ezoelectric Figure 2 shows front and

oscil | at or

t he present

ear views of a plezoelectric.
vibrator of the o$cillat0r circuit of Eigu:e'ls

" Figure 3 illustrates graphically the frequency-temperature

" characteristics of the piezoelectric vibrator of Figure 2 with

10

15

change in duty ratio of switching pulses'appiied theretoé_
Figure 4 is a circuit diagram of another embodiment of an
osciiiatoi'circuit according to the presént invention;
Figures 5, 6, 7 and 8 a:e.circuit-diagrams of four further
embodiments of oscillator circuits according té the present
invention;

Figure 9 illustrates the frequency-temperature characteristics

of the oscillator circuit of Figure 8;

20

25

Figure 10 is ‘a circuit diagram of another oscillator circuit
according Eo'the_present invention;

Figuré il'illu#tratés graphically the frequency-temperature
characteristics of a ring oscillator of the oscillator circuit of
Figute io;

Figure 12 is a circuit diagram of a yet further embodiment
of an oscillééor circuit according to the present invention;

Figure 13 shows front and rear views of a piezoelectric

Figure 4 is a circuit diagram of. another -
enbodi ment efcidnaesct iviltht arthermisidr.according to the present invention;
Figures 5, 6, 7 and 8 are circuit diagrans of four further enbodi ments of
oscill ator circuirhe javeottomdst blivserptebemerd®y by wahefneitagpleFiigure 9
illustrates the frequency-tenperature characteristics of the oscillator
circuit of Fheguacgo@parFiigardraydngs, dncvhiast di agram of anot her oscillator
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- 3 - vibrator of an oscillator circuit according to the present |nvent
and shown in Figure 14; Figure 14 is a circuit diagram of an oscillator '
circutrt. according to the present invention including-the piezoelectric 5
~Wjibrator of. Figure 13; and Figure 15 jllustrates the frequency-tenperature
characteristics of the oscitlator circuit of Figure-14. Throughout the
~drawings |ike parts have been desigpated by the sanme reference nunerals. 10
NReferring first to Figures 1 and 2, an oscillator circuit according to the
present invention has a piezoelectric vibrator A for exanple a quartz

crystal vi brvas.@&to%km@%seifﬁtegd&r{cﬁma&awﬁ% aeptagmet her eof and
el ectrodes [err] forned on the opposite face he electrode [err] is

connect ed t @nIehld SAPARLIR i BLélre the 15 el ectrode [err] is
connected to a |load capacitor [err] and the electrode [err] is connected to
the | oad capacit ®igheéris baa a&ivehit ldiagrad bEUid oSciBaiteeesircaet | oad
capacitors [err] a parallel arrangenent of an inverter [err] and a

resi stor [ erackorditigC 6o rndet presddkeinvdaticnitinclading e Ifieedelsnitttdi Nng pul ses
Pis 1, the 20 switching circuit Sis maintained ON so the el ectrodes
.ferr] Sare evébgasedof Fiuwsetkiy osadl | ation frequency of the oscillator
circuit at roomtenperature is [err] which is |lower than a desired
frequency [err], Fdgugechiy ‘dlistirefes (thR| fraauescyitonperatvon shecadtanisties o

-[err] of the svmtchl n(ig pul ses is 0, the
of the oscillator circuit of Figure 14.

Throughout™ the drawings like parts have beeﬁ designated by
the same reference numerals.
10 Referring first to Figures 1l and 2, an oscillator circuit
according to the present i;vention has a piezbelectric vibrator A,

for example a quartz crystal vibrafor, with an electrode El formed

on one face thereof and electrodes Ez, E3 formed on the opposite

face. The electrode El is connected- to a load capacitor C the

ll
2 and the electrode Eé

via a switching circuit S.

15 electrode E3 is connected to a load capacitor C

is connected to the load caﬁacitor c2

Between the load capacitors Cl, C2 a parallel arrangement of én
inverter Vl and a resistor Rl is_connected.
When the duty rati§ tp of switching pulses P is 1, the
20 switching circuit S is maintained.ON so the electrodes E2,'E3 are
energised.. Thus the oscillétion frequency of the oscillator:

circuit at room temperature is £, which is lower than a desired

1
frequency fo, as a curve zl,in Figure 3 shows.
When the duty ratio tp of the switching pulses is O, the

25 switching circuit S is OFF, so the electrode E2 is not energised,



switching circuit Sis OFF, so the electrode [err] is not energised.
hus the oscillation frequency at roomtenperature is [err] which is
er than the desired frequency [err], as a curve [err] shows in Figure -
~~The cgnnection of the electrodes E2, 'E3 into the oscillator 5 . o/
' circuit-is controlled by supplying switching pulses Pto a termnal a of

~the switching circuit S. AccordifAgdy, the effective electrode area of the -
pi ezoel ectric vibrator Ais periodically changed, and the oscillation N
frequency of the.oscillator circuit is controlled by the duty ratio of the
pul ses P. ForTieseanhé egsadfipatidne fdequencrtato réGn temperature ig £}/ phighhds
oscillation frequency at roomtenperature is [err] which is between the
frequency [ erhighemdthdre theedpsdmed frearpnas fgurase 3] evrve dhowdhorwa ¥ gure 3.
Wien the duty ratio [err] is 3/4, the-oscillation frequency at room
tenperature iBi®¥gaB:to the desired frequency [err], as curve [err] shows
in Figure 3. 15 The tinme constant [err] _of the passive parts of

the oscillator cir&h¢tcongegsionopf gihe el ERRPIGRdie, EQ 1180t e OSGhHAEBf t he
quartz crystal vibrator A Jerr],.and 20 . f s the oscillation
frequendy. AcEHFRifghy copyretiednly fyPPIEtn% FEtTUGECRIEFeF o I Ph@%‘\ﬂ’?grﬁ- ng -
pul oS P Lo TEh el e et La  ELLLS0ieney e Iic el cals
area of.the piezoelectric vibrator A i# periodically changed, and
the oséillation frequency of the osciliator circuit is controlled
by the duty ratio of the pulses P. _Fo% example, when the duty fatio
10 tp is.1/2, the oscillation frequency aé room temperature is f3 which
is between the frequency fl and the fréquency fz. as curve 23 shows
in Figure 3. When the duty ratio té i% 3/4, the oscillation
frequency at room temperature is equalgto the desired frequency fo,
as curve 24 shows in Figure 3.
15 . _ The time constant Tc of the p@ssive parts of the oscillator
circuit is as follows:
Tc.% ZQ/mo .
where, Q is the Q value of the quartz crystal vibra;or A
Wy = 27£, and
20 | £ is the oscillation frequency.
| Accordingly, by arranging that the frequeﬁcy fp of the.
- switching pulses P is much higher thag l/Té(fp>>1/Tc), the frequency
fp has a negligable effect upon the oécillation frequency spectrum
of the oscillator circuit. In othér.?ords,-the stability of the

25 oscillation frequency of the piezoelectric vibrator A is not



of the osci |lator circuit. In otHer words, the stability of the 25 @

oscillation frequency of the piezoelectric vibrator Ais not -5-

dest r6yed by the inclusion of the switching circuit Sin the oscillator
\cjrcuit and the oscillation frequency is controlled solely by the duty
ratio of the switching pulses P. Faor exanple, when the piezoelectric
.vibrator A has an 5 oscillatT&h’frequencyiof about 4.2 MHz and a Q
~al ue of about 3 x [err] - 5 x [err] and the frequency fp of the switching

pul ses P is agbout 1Q K the oscillation frequency,is.pnof ,influenced by
Phe TrequencasPHrovst oY Fae Biieaes o b UbRay ioettisitFof B0E88 1 he duty
rati o of the swi,ching pulses P.. Accordingl he 10 . oscillation
frequency of ofgieflgéc&r%ia‘t%f%ﬁ a&drgfgéltosgg%P%Je'X%oérﬁgF%%FYbﬁsv%l°rny|ﬂgfet e duty

rati o of the gé\%ia,g%%;%eo%?’ﬁsra%t&o%el%ﬁlgpgjégggg%%bgl ity of the

oscillation fgr Another enbodi nen afor-circuit

according 1o the RbeSElplEYSRlehOfhd $1SHMBCER FLEHER A 2 Ads' gHUCNCY

di vider D 15 divides the oscillafion frequencgb%romthe osci |l I at or

circuits, andokBf 10kt BN e LERANENSE CbdukOM 4 hﬁztﬂdﬁk?ﬂv’%ﬂx@r&d,aﬁ&ﬂ; [err] (n >
.m of the oscillation frequency, respectively. A differentiation circuit T

differentiat gsxtit® ou$ putoP ramuens erlbaesdyes tey #ho adwikenidy patykd be out put
pul ses fromthe differentiation circuit T are. 20 suppl i eg to an input

term nal PE af &dtt( k0 Xa2, Mhd okl Watieh tflkbeerttgis GRIthi ff1uehced Lyat €
circuit Greceives the pulses froma-termnal e of the counter CT and the
pul ses from tthe. freguemat £, but the oscillation frequency is controlled by
the duty ratio of the switchigg pulses P, Accordingly, the :
10 oscillation frequency of the'oscillation ciicuit can be adjusted
bg varying the duty ratio of the switching pulses, without ;osing
the stability of the oscillation frequency.
Another embodiment of an oscillator circuit according to
the present invention is shown in Figure 4. a frequency divider D
15 divides the osciliation frequency from the oscillator éircuit, and

the output frequencies from the terminals dl’ d, are l/2n, 1/2m

2
{n > m)_of the oscillation frequency, respectively. A differehtiation
circuit T differenti;tes the output frequency from the terginql-dl;
‘and the output pdises from the differentiation circ;it-T are
20 | supplied to an input terminal fE of a X (K.= n—m)'bits presettable -
~down counter CT. A gate circuit G receives the-pulseS-ffom a
-+ terminal E‘of.thé counter CT and tﬁe pulses from the terminal d2_
pass through the gate circuit G, A desired.value is set by a
- digital switch DS, and it is memorized in a non-volatile memory

25 circuit M.



pASH through the gate circuit G A desired value is set by a di gital switch
DS,t0and it is nmenorized in a non-volatile nenory 25 circuit M~ - 6 -

T opération of the oscillator circuit of Figure 4 is as follows. Apul'se
fromthe differentiation circuit T causes the desired val ue nenori zed in oo
the nenory circuit Mto be preset .igto the counter CT. Therefore, -the

term nal e becones logic 1 5 so.the pulses fromthe termnal d pass -
through the gate circuit G 2 and are supplied to the counter CT. The v,

term nal e of the eandnésdracloNIORRE dsRGllatbr\bercditeos ®ighes L£1Ishas
counted the desired value. Then, the content of the menory circuit Mis
preset again a8 fdlowsuntzepulde [Brohhthen@xftgenseationncititer Bangks|[err],
and the 10 above-nmenti oned operation is repeated. Consequently, from
the term nal [RerdesipedSedushnswrdeéd inathe meapre syuondit MO td e geeseted

val ue set by the digital switch DS are generated, and switch the switching
circuit S. Thisté HhectdwtierveT el Gberolizear g ¢thrmimnalpe drerohestiogdc\l br at or
is switched 15 periodically and the oscillation frequency of the

.osci | | aBor ci seuthe pyleel Fsoudthe ferpigaded nask thaough thee gatejcigbubmiét ch
DS, the capacitors Cl, C2, and the piezoelectric vibrator can be .
i ntegrat ed, aRgdzane isﬁmﬁf’-eéa’sacﬁheo@% @8- uTbd terndaply enef o courter at or

circuits 20 i s not needed. Thus the stability of the oscillation
frequency CcT becomes logic O when the counter CT has counted the desired

value.” Then, the content of the memory'circuit M is preset again
in the counter CT by the next pulse_frqm the terminal dl,'and the
10 above-mentioned Qperation is repeated. | |
Consequently, from the terminai dl' pulses.whose duty.ratio
corresponds to the desired value sét by the digital switch DS
are generated, and switch the switching circuit S. Thus the
- effective electrode area of the piezdelecfric vibrator is switched - :
15 periodically and the oscillation frequency of the oscillator
~ circuit is adjusted.
In Figure 4 all exéep# the digital switch Dé, the capacitors
cl' cz,.apd the piezoelectric vibiator can be integrated, and a
trimmer capacitor spch as used in convehtional oscillgtor circuits
20 ~is not needed., Thus the stability of the oscillaticn frequency
iﬁproves. _ |
In an embodimenﬁ of.an oscillatqr_ci;cuit according to the
present invention and shown in Figure 5, when the switching
circuit S is ON, the elegtrodes El'-EZ' E3 are ene;éised,_ When the

25 switching circuit S is OFF the electrode Ez is not energised.'




i nproves. In an enbodi nent of an-oscillator circuit according to the
present:invéntion and shown in Figure’5, when the switching circuit Si's
ON, tshe el ectrodes [err] -are energised. Wen the 25 switching circuit
-\S/-.i‘s 'OFF the el’ectrode [err] is not ener gi sed. - 7 - In the enbodi nents
of oscillator circuits according to the present invéntion shown in Figures
6 and 7, the effective el ectrode Zarea of the piezoelectric vibrator Ais
yswi't ched by switching the energization of the electrode [err]. 5

Figure 8 illustrates a further enbodi ment of an oscillator circuit
according to the pnetenembodiorntorf escililgter cdronidispascandiag i® convert ed
to a corresponding voltage by a thermi stor Th and a resistance [err], and
t hi s vol t agethe prapent doventioonghavins b Flignees 6sapd ) the pffeeisisect i ve
termnals 10 [err] of the conparison circuits [err] are at_predeterm ned
di f f erent voPlerf&sde Areaoek fhesP¥azotlefidicoPsatedd dfreitcRed &¥r] are
converted to binary cqoded data by an_encoder E, .and the binary coded data

is supplied EGEHRENE Je: BRexgEZ2 28R PYec20S Ryorresponding to
of TheSow tchi ng BaPess 8 FEHAERE i BT PEEAHESRS. oMt BPorHachhe Lty
it ect ve of SRtGordbaltng b el uplet b, Aror 238t ched in
| dependence VRS, EEREL FLULGive2EER d DU hr b DGaRRS! $d13050 Dy a
.thermistor Th and a resistance Rz, and thig volt;ge is supplied

CM_. The respective terminals

to comparison circuits CMl""'- -

1o Pl"'Pr of the comparison circuits CM ...CMr are at predetermined

1
differént voltages. The outputs frpm the comparison circuits
CMl...CMﬁ_are converted to binary coded data by an encoder E,
and the binary coded data is supplied to the counter éT.

Consequently, data corresponding to temperature is-preset in

15 the counter CT so determining the duty ratio of the switching
puises from the switching circuit S. Therefore, the duty ratio
of the sﬁitching pulses is a funcfion of temperature and the
effective electrode area of the piezoelectric vibrator is switched
in"dependence upon temperature.. Accordingly, the oscillation

29 frequency is teﬁper#ture compensated as shown by line 25 in
Figure 9. Accordingly, the fregquency érift_rgte:can be controlled
to under lppm over a relatively wide temperature range -30°b'to 7o°c.

Referring to Figure 10 there is illustrated anoﬁher

embodiment of an oscillator circuit according to the present

‘25 invention. A ring oscillator RG is composed of C-MOS inverters



, 20:69 frequency is tenperature conpensated as shown by line Jerr] in
Fi e 9. Accordingly, the frequency drift rate can be controlled 0 to-
d

r -l ppm over a relatively wide tenperature range [err] to [err]. -
Referring to Figure 10 there is illustrated another enbodi nent “of an . 7/
oscillator circuit according to the présent 25 . i hvention. A ring _
oscillator RGis conposed of CMJS gnwerters [err] connected in a circle -,

and its output frequency is supplied to a mxer MR A difference frequency .
equal to the difference between the output frequency of the ring oscillator

RG and the fr\ec}utagg:'y\r41c conmhédredt i i edtcke apd itscotrmifuéreguedcyider D5

I's supplied td a dat4 converter DT. The frequency-tenperature °

characteri st i sgppiied t® rimixers¥R} | & diffarencefireaneryl kqual featheas shown in
Figure 11. The vertical- axis in Figure 11 shows the frequency drift rate
[err] (where Qififefence betwessc ithe autont { frequercy oft the rihg AfFifltatdr RS t he
oscillation 10 frequency at [err].) Since the oscillation frequency of
the ring osci4idatbe -Reqendy Fronnde tyrineh €effcfhe fireTuenty SLTidAsr D |
frequency fromthe mxer MR varies with tenperature, and is converted to

bi nary °codediZEPHPY k8 YArk2corRrerter DBr. T fHeuencE - tRSFRE¥ Y 0 the 15
counter CT. Consequently, the oscillation frequency of th &l ezoel ectric

vi brator. A i sChasageeBisies R sThedosE HAGh &4 éi“iﬁf?’@tga.l Xl_i’fré%ept t he

pi ezoel ectri Ca;/ Is%t:% O.{n éigtgzge tlg.? Cﬁga%éégircsalchis%n Figure 1l shows the

{(where fz'OC

frequency drift rate Af/f is the oscillation

25°c
o - _ o e s )
. frequency at 25°C, Af = fTOC f25°c' and.fToc is the oscillation

1o frequency at T°C.)
Since the oscillation frequency of the:ring.OScillatér-RG
" drifts linearly with temperature, the éﬁtput'freqnency from the
mixer MR varies with-teméerature; and is converted to binaryi'co&ed
data by the data converter DT. The data is supplied to the
15 counter CT. |
| Consequently, the'osciliation frequency of the piezoelectrid
vibrator A is temperature compensated as shown in Figure 9., |

1’ €2

All except the-pieioelectric vibrator A and the capacitors C
can be integratéd on to a-c4mos-1c_chipe'

20 " A yet further embodiment of an dscillator circuit according
to the present invention is shown in Figure 12. The oscillation
frequency of ‘a CR oscillator OS,'ﬁhich includes a thermistor, is
countéd by a freqﬁency counting circuit FC, agd its content is

" converted to binardy coded data by thée data converter DT.

25 The oscillation frequency of the CR oscillator OS drfts with



can be integrated on to a CGMXS I'C chip. 20 A yet further
enbodi ment of an oscillator circuit according to the present invention
~sshown*in Figure 12. The oscillation frequency of a CR oscillator OS, wh
ipcludes a thermistor, is counted by a frequency counting circuit FC, and
its content is converted to binardy coded data by the data converter DT. 25
"The oscillation frequency of the.@R.oscillator OS drfts with = - 9 -
»enperature so the binary coded data fromthe data converter varies in
dependence upon tenperature. Figure 14 shows a further enbodi ment of an
oscillator cit&tfetafe@0kdi @i bondRe cHUES @ata i TN BatiGohivgite 13 shows,

5 in detail, a piezoelectric vibrator B, for exanple a quartz crysta
“vibrator, thevasdes fil@epepdarkeaion eempdiiagtrs. B is of the tuning fork type
and has frequency-tenperature characteristics represented by a quadratic
curve.. El ectrodesrigire| 1arshoksrargdritheroasbddicenvfoft ke qsicéibatiozctri
vibrator B, and an electrode [err] is forned 10 on the opposite face.

The el ectrodecimuit accozding todtiey prasentnilnvdritign cindcBiqurs. 1¥Welwwshe duty
ratio of the switching pulses Pis 1, the oscillation frequency is |ower
,than theddesi iedetpthuenpieqceirttris uiknator §efel eiropbe ianafrhn erisal
Further, the oscillation frequency is higher 15 than the desired
frequency [ erYibrasorurthereefr | Thh®hezeeleriyin dibrataphBnis R€ EhA Fuprid o of

.the switching pulses is 0. The oscillation frequency of the CR oscillator
OS and t he fork type and has frequency-temperature characteristics represented by

2,'F3 are formed on one face

of the piezocelectric vibrator B, and an electrode F4 is formed

a quadratic curve.. Electrodes Fl’ F

10 on the épposite face.
The electrode F3 is éwitched by the switching circuit S.
Whgn the duty ratio of the switching pulsés P is 1, the oscillation
frequency is lower than the desired freéuency fo, as a curve 26
shows in Figure 15. Further, the osciliation frequency is higher
15 than the desired frequency.fo as curve 27 shows in Figure 15,
when the duty ratio of the switching pulses is o,
The oscillation frequency of the CR oscillator OS and the
output frequency from the terminal d3 of the divider circuit D
are supplied to the mixer'MR, and the diffefence freéuency is
20 converted to binary coded data by the data converter DT.
The oscillation frequency of the CR oscillator 0S is predetermined
so that it is coincident with the frequency from the termiﬁal a

3

at 25°C, namely at the centre line of the guadratic curve 26 in

Figure 15. Theréfore, the difference frequency from the mixer MR

25 is 0 at 25°C and drifts'symmetripally therefrom with increase or.



t put frequency fromthe ternminal [err] ‘of the divider circuit D are

i.,ed to the mxer MR and the difference frequency is 20 converted
jnary coded data by the data converter DT. The oscillation frequency  of
oscillator OSis predeternined so that it i.s coincident "with the [

frequency fromthe termnal d at 25 C, nanely at the centre line of the
quadratic curve [err] in Figure 1%5. °l'rTerefore the difference frequency —~
fromthe mxer MR 25 is O0at 25 Cand drifts symmetrically therefrom - Nt
Wi th increase or -10- decrease of tenperature. Consequently, the - i

t enper at ure CGRSFeASCePE StamREratirepe BFFAPeRt Ve EiinSEmRSAENT? o Iess t han

[err]lppm over a rel atlvel wi de tenperature ran e as. shown bé |ne [err]

in Figure 15 haracteristics ?‘h bey TR ﬁ‘%e tHEr Fa"g%g'eifr

*1RE® i oned,

th | | at to th t t | th
advant age. { ha¥ EE%%%E?%@% Y S R AR o BT SR A e,

di vi der whic

s the oscillation frequency, - the oscillation frequency

and the svmtcfii?ng quses .are not influenced 10 - by ageing. - 11 -

CLAI M §.
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oscillator circuits according to the,p:esent_invgntion also_have
the advantage that since the switch pulées are generated from a
frequency divider which divides the oscillation frgquency, th;
oscillation frequgncy and the éwitching pulses are not influenced

by ageing.



for use as a frequency standard; ‘a pl urality of electrodes on the surfa@

of the piezoélectric vibrator jointly defining an el ectrode area; pul se '
generdat or nmeans for generating pul ses having a variabte 5 duty Tati o;

and.-swi tching circuit nmeans responsive to the pul ses | ' e
effective el ectrode area of the piezoelectric vi bratH ']“#m l m| g the
oscillation frequency thereof. 2. - An-oscillator ci s I n

%aim 1l in which the pul se generator neans includes a frequency divider for

dividing the 10  output frequency of the piezoelectric vibrator, and a
control circuit for controlling thil_;méﬂsse wi dt h of the output pulses from
the frequency divider. 3. An oscillator circuit as clained in claim1 or

2 which includes tenperature conpensating neans. for varying the duty ratio
15 of the Bawitchn mgcplilates cixcaif (voprigingt 4 @ipzoaliecteic Fibratdm '
oscillator circuit as clainmed in claim3 in which the pul se generator means
i ncl udes a rifryr vseids atrequemey stamiprdi TpMISJityeef electmdeecoredhen a
circle. 5. An oscillator circuit as claimed in claim3 in which the pul se
20 gener at¥riaeaef the pdgecelectli @ yébraterojointiy defilhbrgriagt elect8ode An
.oscillator circuit substantially as herein described with reference to and
as shown in t¥E2acRYFEaFEACHGEeN FRARY Lor TPRRerakingpulsns Bawigior fceariighle has

been reproduced by photocopying the applicants original typescript. It may
cont ai n fevﬁl%ﬁﬁ?@ﬁt%"%ﬁwﬂ‘l‘g‘&% FCHEE epnt FeseaREive Y9 dhg pyisesl

typescript copntai njng.these apendnents nay .be i nspected on the preni ses of
t%g Pat egt O qrcgwit ing tie erfective e ect:r.yode area of the piezoelect?ric

vibrator for controlling the oscillation frequency thereof.
2. An oscillator circuit as claimed in claim 1 in which the pulse
- generator means.includes'a frequen;y divider for dividing the
10 output frequency of the piezoelectric vibrator, and a control circuit
fof controlling the pulse width of the output pulses from the
.freqﬁency divider.
3. An oscillator circuit as claimed in claim 1 or 2 which
includes temperature compensating means for varying the duty ratio
15 of the switching pulses as a function of temperature.
4. An oscillator circuit as claimed in claime:3 in which the
pulse generator means includes a ring oscillator consisting of
C-MOS inverters connected in a circle.
5. An oscillator circuit as claimed in claim 3 in which the pulse
20 generator means includes a CR oscillator with a thermistor. |
6. An oscillator circuit substantially as herein described

with reference to and as shown in the accompanying drawings.
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