37 "OSCI LLATION CIRCU T AND OSCI LLATOR FOR USE THEREI N' Thi s invention
: to an oscillation circuit in which is connected a planar thickness
sh node oscillator, such, for exanple, as an AT-cut quartz crystal
oscillator, which is adapted to oscill&te in the 5 third overtone.
The invention also relates to an oscillator for use in the sazadzsicg[ﬁ?tion
circuit. It has been usual for a planar type thickness shear q z
crystal oscillator-to have a relationship between its dianmeter (D) and its
t hi ckness (T) such that 10 it oscillates at a fundanental tone or
frequency. Commonly, this relationship ranges fromD T=50 to D)T = 100. The
reason is as fol FoperLIRPEON STRCUBE 2D GSCIALATEH FORCESS rikroaei | 1 ator is (. -
determ ned by t he—di-ifererece—between—t-he—negative—resi-st-ance—0of an _
oscillation circuit in which the oscillator 15 i's connected and the
crystal inpedance of the quartz crystal oscillator, and the quartz crystal .
oscillator oscillat esrhiifig me%,%%% Ir%rliagg @dgni&cﬁ*%{logh&srcqhg ?ﬁ ence is at

its greatest. The negalive resistance of the oscC lon Circuit tends to

decrease as the Lgf&pqgcg%ﬂﬂg' Eg&%%}laﬁél U Bk neMR 8SearlBode the negative

resi stance decreases as the ratio T I ncreases. On the other hand, the

i npedance of a QYakiZiatbyststkenySEdd balS1eSho¥ S hAND gd8edd Nne as the ratio
DT increases, and, 2

crystal oscillator, which is adapted to oscillate in the

5 third overtone. The invention also relates to an oscillator
for use in the said oscillation circuit.
It has been usual for a planar type thickness
shear mode quartz crystal oscillator to have a relationship
between its diameter (D) and its thickness {(T) such that
10 it oscillates at a fundamental tone or frequency. Commonly,
this relation#hip_ranges from D/T=50 to D/T = 100. The
"reason is as follows. The oscillation of a quartz crystal
oscillator is determined by the difference between the negative
resistance of an oscillation circuit in which the oscillator
\_/ 15 is conneéted and the cr&stal impedance of the quartz crystal
oscillator, and the quartz crystal oscillator oscillates
in an oscillation mode in which this difference is at its
greatest. The negative resistance of the oséillatiqn circuit
tends to decrease as the fregquency increases. In other words,
20 the negative resistance decreases as the ratio D/T increases.
On the other hand, the impedance'of a gquartz érystal oscillator

shows a sharp decline as the ratio D/T increases, and,



so far as inpedances in all oscillation nodes near or above D/ T=45 are . '-
concerned, the'inpedance of the oscillator is at its |owest when it o~
oscillates at its fundanental frequency. The characteristic curve of t @
negative resistance 5 _ of an oscijlation circuit varies accordi ng\t'q
the 1C (integrated circuit) used in the oscillation circuit and the
| npedance of a quartz crystal oscillator changes with its dianeter and

ot her factors. The factors di scussed above, however, exist fundanentally
and the ratio DT is usually 10 arranged to be in the range from 50

to 100 so as to geb sdrabkeirpeabhéad iANafl okbLlIbYNskRMBaES I nehE 6siENCY. Sone
known..pl anar type quartz crystal oscillators are driven in the third

overtiQne, but in sysh /08 arkh&irdcepnéd) lthé i mipe@aniceUbt sther es@ridutded Wi th
tuningcircuits conposed of 15 coils (L) and condensers (C). In the
prior art, as desgki&edtabmwestwieh ibisscildates pt diftesilrsdanaptal

di aneter/thickness ratio D/ T=50~100 are enpl oyed, but ‘the oscillation of
such quartz cryst #re@eaicyl atter sharacabt bsttiedclvet bE thet negatdve tiesiiptance
supporting 20 means and it has been difficult to achieve high stable
oscillatian due tofaaniesreblsgipn ¢ivguftiatarigs fascerdingre therfher, such
quartz crystal oscillators are so thin that their shock resistance is poor
and theyare |iabl diptednated ciFgritlerused nimthe QSCLlALbIBRA H&FRE® which is

provi ded 25 with a tuning circuit which eml)l oys.L and C corrpon%nts
and the impedance of a quartz crystal oscillator changes wit

its diameter aﬁd ofher facﬁors. The factors discussed above,
. i./ however, exist fundamentélly and the ratiq D/T is usually
10 arranged to be in the range from 50 to 100 so as to gét
stable osci;lation at the fundamental frequency. Some known
planar type quartz crystal oscillators are driven in the
third bvertone, but in such a case, their oécillation
circuits are provided with tuning circuits composed of
15 coils (L) and condensers (C).. |
In the prior art, as described above, very ﬁhin quartz
plates having a diameter/thicknéss.ratio D/T=50 Ay 100
are employed, but the oscillation of such quariz crystal
oscillators is affected by the_nature.of their supporting
20 means and it has been difficult to achieve high stable
oscillatién due to a decrease in the quality faétor Q).
'Fufther, sﬁch quartz cryétai oééillators are so thin
Ithat their shock resistance is poof and they are liable to
break. Furtﬁer, in an o#cillation deviée which is provided

25 with a tuning circuit which employs L and C components



'ce is large due to the tuning circuit, and especially becalse of the

e of its coil (L), while the structure of the device is conplex due 5
to, its | arge nunber of parts. The obj %t of the present invention is to
prOV|de a planar thickness shear node Oscillator which can be used in an
oscillation circuit which does not conprise an L, Ctimng circuit. 10
According to the present invention, there is provided an oscillation
circuit in which is connected a planar, thickness shear node oscill ator
which is adapted to oscillate in the third overtone, the ratio DT of the
di ameter D to tlfertdetridmgsshel thfrd heeptmriel,| bt dis badvigabbe "such that
the difference between the inpedance of the -oscillator and.the negatives
resistance of thbabstlid Bar¢ mf the olevice sisglaxgecdue rtd ke tthinidgover t one than
in other oscillation nodes. Preferably, the oscillator is a quartz crystal
20 osci | cArenit.capd espestabin becrusezof thet sdzepofiisaroil The
oscillator may be substantially disc shaped. Mreover, an arcuate portion
of the di sc may (Bér réHdecthe Ftruakre o5 tlhﬁp%’éﬁeei?r iompiex dhe osci | lations.

The oscill ator may be such that 25 - o 10 < DT < 24
5 to”its large number of parts.

@r getting the third overtone, it is inevitable that the sizé of the

The object of the present invention is to provide
a planar thickness'snear mode oscillator Qﬁich can be used
in an oscillation circuit.wnich does not ccnprise an L, C
tuning circuit. | | |
10 ) According to the present anentlon, there is provided
an osczllation circuit in which is connected a planar,
thickness shear mode oscillator which is adapted to
.oscillate in the third overtone, the ratio D/T of
the diameter D to the thickness T of the osc1llator being
15 such that the difference between the impedance of the
oscillatcr'and the negative'resistance of the oscillation
circuit is greater in the.third overtone than in.otner
| oscillation modes. L .. |
Preferably, tne oscillator is.auquartz crystal
20 oscillator, e.g. an AT cut quartz crystal oscillator.
The oscillator nay be.substantially disc shaped.
Moreover, an arcuate portion of the disc may be reﬁoved
to lower its.iﬁoedance in overtone oSCillations.
The oscillator maf be:snch that

25 10 < D/T < 24.



4 The invention al so conprises a planar, thickness shear node oscill ator
which is adaptéd to oscillate in the third overtone and which is adapted
fior use in the above- nentioned oscillation circuit, the ratio DT of the 5
dianeter D of the oscillator to its thixckness T being in accordance wig
the expression 10 < D'r < 24. The invention is illustrated, merely by
of exanple, in the acconpanying draw ngs, in which:- 10 '
1 is a graph showing the relationship between the ratio D)T of a quartz

crystal oscillator and the difference between the negative resistance of an

oscillation circuit and_the i npedance of the quartz crys oscillator in
each oscillation node, 18 ipvention afss ﬁ?’@?ﬁj‘égﬁ ??iénﬁ'a%%?’g\ﬁsﬁf a quartz

tal i1 at di to. .t.h t: ti Fi 3.1
Cl vatfon of tne qUiFes THepaTaEeT MRER 4 SEREACTS cerhiie 3l
c f QuFes BHYSPRr it g
oscilator of P gurde s elehs e frach se sosbiF dok N IR GRS

ciroutt, Fioure S i ghap osbeiaitoh N -La1E! LAOYURo IFiBEkrlehe 1 equency

and the negative resistance 0 e oscillation circurt,
Figure 6 ks a graphgShew g LPedeehatiQash Robef R8P ckness T being

in accordance with the expression
10 < D/T < 24.
The invention is illustrated, merely by way of
example, in the accompanying drawings, in which:-

10 Figure 1 is a graph showing the relatibnship between
the ratio D/T of a quartz crystal oscillator and the
difference between the negative resistance of an
oscillation circuit. and the impedance of the quartz
crystal oscillator in each oscillation mode,

15 ' _ Figure 2 is a plan view of a quartz crystal oscillator
according to the present invention,

Figure 3 is an elevation of the quartz crystal
A oscillator of Figure 2,
Figure 4 is a diagram of an oscillation circuit
20 which iﬁcorporates the oscillator of Figures 2 and 3 but
which is not provided with an L, C tuning circuit,
Figure 5. is a grap showing the relationship between
the frequency and the negative resisté.nce of the
oscillation circuit,

25 Figure 6 is a graph showing the relationship between

|

i



the ratio DT of the quartz crystal oscillator and the crystal inpedance
@CI) I n each oscillation node, Figure 7 is a graph showing the relationship
betfween the ratio D/T and the negative resistance in the fundanental 5 . ¢
tone or frequency, Figure 8 is a graph showing the relationship between the
ratio DT and the negative resistance in the third overtone, and Figure 9
Is a graph show ng the rel ationship between 10 the ratio D)T and the
negative resistance in the fifth overtone. In Figures 2 and 3 there is
shown a di sc shaped AT cut, thickness shear node quartz crystal oscillator
in which D designates the diameter and T designates the thickness, 15
and in this cé&gﬁa_tlenﬂﬁr?é bhe Guaps isHetal efciHetescnd thor is tri med,
just alittle %_g%/ rem)vi%}g}i1 an,arcyate portion thereof) to lower its -»
i mpedance in SE¥TTHNAREE AT DN ﬁcsu?%cﬁléﬁ’cﬂﬁsmaﬁ’?osci | lation circuit
whi ch includes the_ oscil)ator of Fiqures 2 and 3. but ich is not provided
20 with an*t Juanﬁ %FPELﬁq’P.‘"'%é:hFeT%}FFbW&g BEMRERN t he

negat i ve resi gtance,[GE] g8 Hiie,08GilLadA0. CILCUL tand Lhie b gauency

F(VHZ) of the 'S i ndica y’r urve shown in Figure 5. The

shape of the ve_var] little according to the IC (integrated circuit)
enpl cfyed 25 E&;e %ri ?i{%ﬁ%ng’ébi |lation circuit, but each curve shows simlar

_Figure 8 is a graph showirig- the relationship between
the ratio D/T and the negative resistance in the third
overtone, and : : : - ' PR
Figure 9 is ‘a ‘graph showing the reiationship between
10 the ratio D/T and the negative resistance in the fifth
overtone.
In Figures 2 and 3 there is shown' a disc shapeé AT
cut, thickness shear mode quartz crystal oscillator in which
D designates the diameter and T designates the thickness,
15 and in this caseD = &mm.The outer periphery of the oscillator
- is trimmed just a little (by removing an a.r;':uate portion
thereof) to lower its ignpedance in overtone oscillations.
Figare 4 shows an oscillation circuit which includes A
the oscillator of Figures 2 and 3 but which is not provided
20 with an L, C tuning circuit. The relationship between the
negative resistance |R|jof the oscillation circuit and the
frequency F(MHZ) of the oscillator is indicated by the
curve shown in Figure 5. The .shape of the f:urve- varies a
little according to the IC (integrated circuit) employed

25 in the oscillation circuit, but each curve shows similar



6 declining shape. If the dianeter of the quartz crystal oscillator is
6=mm the relafionship between the ratio DT and the crystal inpedance (Cl
itn respective oscillation nodes is shown 5 in Figure 6. A
substantially proportional or linear relgati onship exists between the
thickness T of the quartz crystal oscillator and the frequency F(MHZ) at

t he fundamental tone or frequency of the quartz crystal oscillator. The
relationship is indicated by the foll'owi ng equation:- 10 - F(VH2)
= Kf/T (m), (where, approximately, [err] = 1.670). Fromthe above equation
and fromFigures 5 and 6, the relationships between the ratio D)T, the
crystal inpedanc8¢FEingdntPaRe negative resistance [err] in different

frequency nodes can he opt adégegterag?h%reﬁg‘rdae%ozegt isgglly?g}_q\f@ﬁir jEigures 15

7, 8 and 9. The difference ween ativeé r'esi stance of the

cirout and the \mpedance {Clhn gl BRUNAr e SRYR! B/rOgh Lhe!igstiy each

oscill ation node cah be ca#cu}ate each I gur es , and such

difference is ingj Okahi L0 Bl i Badd Q¥ Snokmni t W I 1 be
seen that this d%%ag%ge(% iﬁa}é%fg&ﬁeg%%igtﬁfﬁg{ %e third ovgrtone, I.e.

is gr eat '%St be_t V\@ﬁnﬂ&iﬁep@i nt A%@%@aﬁiﬁlﬁ?iﬂopngQi& tlhgeguartz crystal
oscillator oscillates in the third overtone, and we can obtain an

inequality, 10 <yPidtjondflip lexiPtaAGkbthéan ithe IdM2cRAGR 0fof RBeO@mrkkat or of
Figures 2 and 3, the third overtone
crystal oscillator and the frequency F(MAZ) at the fundamental
tone or frequency of the quartz crystal oscillator. The
- relationship is indicated by the following equation:-
10 _ F(MBZ) = Kf/T (mm),(where, approximately, Kf = 1.670).
From the above equation and from Figures 5 and 6, the
relationships between the ratio D/T, the crystal impedance
(CI) and the negative resistance |Rl in different frequency
modés can be obtained, ahd are respective;y shown in Figures
15 7, 8 and 9. The difference between the negative resistance (Rl
of the circuit and the impedance (CI) of the quartz crystal
oscillator in each oscillation mode can be calculated in each
W of Figures 7, é or 9, and such differenée is indicated graphically
in Fiéure 1. From Figure 1 it will be seen that this difference
20 is greatest in the third ovértdne, i.e. is greatest between
the point A and the point B wherein the quartz crystal
oscillator-oscillates in the third overtone, and we can obtain
an inéqqality, 10 < D/T < 24. In practice, in the case of
the oscillator of Figures 2 and 3, the third overtone .

25 oscillation is unstable below D/T=10 and above D/T=24 and



25 oscillation is unstable below DY T=10 and above D/ T=24,and . 7 a

ble third overtone oscillator can therefore be obtai ned by arrangi ng

t the ratio D/T avoids such unstable regions. The present invention thus'?
enables the oscillation 5 gircuit to be conposed of a small
nunber of parts since it does not require an'L, Ctuning circuit, and the
oscillation circuit can therefore be nade snmall. Slince the quartz crystal
oscillator oscillates in the third overtone, the capacitance of notion (Cn
can be made | ow and the 10 influence of stray capacitance can be
made smal | . FurtNge apid @nfiilovk¥edRCboLs Ratad 4§ f@é}@ﬁ)l & Oand the

oscillator can be arranged to perform high stable osc n wth s
excel | ent agei ngpehakear b raxsztal.-:g&ng Rt N PLLIo bb@ fochd Iakpr can be madé

t hi cker than conventional oscil Iat ors so as to 1 improve its
shock resi stancqmnstab¥e Cegidhsl. L 1. An oscillation circuit in
which is connected a pl anar, thlckness shear node oscillator which is

adapt ed tc oscil| at erhenptéserithi peermient €His, ehdiet atHeoof¥iillation

5 circuit to be composed of a small number of parts since it
does not requi;e.an L, C tuning circuit, and the oscillation
circuit can therefore be made small. SInce the quartz
crystal oscillator oscillates in the third overtone,
the_cgpacitance cf motion (Cm) can be made low and the

10 influence of.stray capacitance can be made small. Further,
the quality factor Q can be made large and the oscillator
can be arranged to éerform high stable oscillation with

~ excellent ageing characteristics. Furthermore, the oscillaﬁor
can be made thicker than conventional oscillators so as to

15 improve its shock resistance.



the dianeter D to the thickness T of the oscillator being 5 such
that the difference between the inpedance of the oscillator and the
negative resistance of the oscillation circuit is greater in the third
overtone than in other oscillation nodeg. 2. @ An oscillation circuit 2
claimed in claim1 in which 10 the oscillator Ts a quartz crystal
oscillator. 3. An oscillation circuit as cla | n which the
oscillator is an AT cut quartz crystal oscillat mm ﬂ, ! EMIIation
circuit as clained in any precedlnég clalmln whi ris
substantially disc shaped. 15 S_An oscillation ci rcwt as clainmed

I n c_I_-:aism4 I n which an arcuate portlon of the disc shaped oscillator has
been*r£&noved to lower its inpedance in overtone oscillations. 6. An

|l at t I h h
oscr | ation clrau B8 Sk IRchARL'SERALIR. AHhad o Lre
osci 1 1ati on i Giahastits ARl Lie@snley SipbRlote ylasy 05 #etaq ref erence

to the acconpanying draw ngs. anar ness s node

oscillator whichd gs@gdantedid Qh@sﬂhlrha&ﬁ‘erltgné h%h& Wa[t‘iooﬂﬁr bene and which is
adapted for use in the oscillation circuit claimed in claim1, the ratio

DT of the di amai@r abameter D toDtRé thilGkRsei t/d¥ Bhe tfach i fatloRi B&iIRsS T bei ng
i n accordance with the expression

5 such that the difference between the impedance of the

oscillator and the negative resistance of the oscillation
ij. circuit is greater in.the third overtone thaﬁ in other
~oscillation modes.
2. An oscillation cifcuit as claimed in claim 1 in which
10 . the oscillétor is a qﬁartz crystal oscillator.
3. An osciliation circuit as claimed in claim 2 in
which the oscillator is an AT cut quartz crystal oscillator.
4. | An oscillation circuit as claimed in any preceding
claim.in ﬁhich the osc;llator is substantiélly disc shaped.
.15 | 5. An oscillation circuit as claimed in claim 4
in which an arcuate portion of the disc shéped.oscillator has
been reméved to lower its impedanée in overtone oscillations.
6. An oscillation circuit as claimed in any preceding
claim in which the oscillator is such that
20 10 < D/T < 24. |
7. An oscillation circuit substantially as hereinbefore

described with reference to the accompanying drawings.



‘s
c—a

<DT< 24. 9. An oscillator as clained in claim8 in which the _
(|l ator is a quartz crystal oscillator.—10 An oscill ator as’

10.
med in claim9 in which the oscillator j rtz crystal v
oscillator. 11.  An oscillator as glai n'egm‘mgil “ﬂmumn 8-10 in which
. . L

the oscillator is substantially disc-shape nsoscillator as :

claimed in claim11l in which 15 an arcuate portionTof the disc
shaped oscillator has been renoved to |ower its inpedance-in overtone
oscillations. 13. An oscillator substantially as herei nbefore described

with reference o an s shown.in Figures 2 and 3, 20 of the =
acconpanyi ng dréa'vm' ng’g.quﬁér.' * .]gfﬁff ?é?fé Tﬁ?%l?ﬁgié‘%ﬁﬁar node quartz ..

oscillator in Wmi%ﬁ%{%"Qﬁg&@Egﬁ%iggé%ﬁf‘ﬁaﬁpegitﬁmt"gh annd t he thi ckne€s

of the quartz osci r17s so At erence D6t ween i npedance
of the quartz O5fd Lhalidis’chapted foriife M308hd ¥Rl PHILIDAMGS QL. OSCI 11 At i On
circuit for the quartz oscillator is greater in the third overtone than
those in other O3Gitd i E1a##ICSthe ratio D/T of the diameter

5 D of the oscillator to its thickness T being in accordance

with the expression

10 < D/T < 24.

9. An oscillator as cleimed in claim 8 in whicﬁ -

the osciilator'is a quarte cryetel oscillator. ~
10 10.  An oscillator as claimed in claim 9 in which

the oscillator ie.an AT éﬁt éuartz crystal osciliator.

11, An oscillator as cleimed in any of claims | _

8-10 in which the oecillatof is substantiallf dise-shaﬁed.

12, An oscillator as claimed_in claim 11 iﬁ which -
15 an arcuate portion of the disc shaped oscillator has -

been removed fb lowef.its impedanee in overtene

oscillations.. .

13. R Arni psciilator subetantialiy as hereinbefore described N

with reference to and as shewn in Figures.Z and 3

20 of the.accoméanying drawings.
14; Planar type thickness shear mede quartz_oscilletor
in which the proportion between the diameter and the
thicknese ef the quertz oseiliator is so'designed that
difference between impedance of the quartz oscilletor

25 and ﬁegative resistance of oscillation circuit for the
quartz oscillator is greater in the third overtone than

those in other oscillation modes.




