PATENT SPECI FI CATI ON _ 1 571 235
(21) Application No. 30066/77 (:22) Filed 18 July 1977 (31) Convention
Application No. 51/086 751 - (32) Filed 21 July 1976 in (33)
Japan (JP) (44) Conplete Specification published 9 July 1980 (51) INT [err]
Q4G 3/00; HO3B 5/04, -5/32 (52) Index at acceptance G3T 101 408 AAF DC
(54) .1 MPROVEMENTS I N OR RELATI NG TO ELECTRONI C TI MEPI ECES (71) Ve,
KABUSH KI KAl SHA  control are wel | known and in common use SUWA SEI KOSHA,
a Japanese conpany,. and Figure | is a diagramof a typi cal known 50

of . 3-4, 4-chonme, G nza, Chuo-ku, Tokyo, so-called piezo-electric watch as
at present.
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Japart, do hereby declare the invention for in comon iuse and having
tenperature which we pray that a patent may be granted conpensati on
effected by tenperature to us and the nmethod by which it is to be.

- sensitive capacitors Referring to Figure 1, perfornmed to be particularly
déscribed in there is a tinme standard quartz crystal 1. 2 is 55 and by
the follow ng statenent: -~ an inverting anplifier through which
oscilla- * This invention relates. to electronic tions are taken for
utilisation. 3 and 4 are 10 tinepieces and nore specifically to
resistors which are provided for phase electronic tinmepieces - of the kind in
whi ch adj ust nent and bi assing respectively. 5 and tine standard . signals
are derived under 6 arecapac|tors for adjusting the oscillation 60
pi ezo-electric crystal control. iae oy eft of | frequency. Wk e hi gh
time-keeping this invention ip & pv| de i nproved accuriﬁz IS
required despite. varying 15 onlL_ti nepi eces of this kind which
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deg?éé of tinmekeepi ng accuracyevenin the capacitor 6 - a tenperature
sensitive face of substantial variations of. anmbient capacitor such as a
ceram c capacitor. 20 tenperature; which shall be of a | ow current
Gscil'lations .are fed to signal handling consunption (an inportant advantage
for circuits including a suitable frequency wist watches especially)’

whi ch shall be of divider and represented by block 7, the 70 high
stability. A further object of. the signals fromwhich operate tine display
i nvention is'to obtain good tenperature means 8 of any suitable

wel | - known nature. 25  conpensation wi thout having to resert to A
conventional electronic tinepiece as .the'use.of circuit éla nts, such as
ceram c. represented in Filgurgyl S [SerTous’ defects capaoNtors, solely
for the purpose of of @Eh el|following are the nbsQ 75 providing
tenperature. conpensation. ' rtlant - fThe invention is illustrated
in and 1. It is extrenelly d It§§§=provide a 30 explained in
connection with the accom ;| t urn cgnpensating ¢ itor (6)
panyi ng drawings in which: ng aw11ﬁﬂﬁ§?§fﬁ§gﬁcharacteristic
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Ff@u(e 1is ahighly sinplified diagran1of

charac- 80 a conventional k
guartz oscillator

[eferred to;

i s extrenely;
f 3 purposes a high dd
expl anation)- shows:
enbodi nent of
85 di agrammatically. .
to obtain quartz Flgures
which' are of reasorg
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el ectronic tinepiec
whi ch are not onl
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high Figure 6 is a
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I nveéntion into practice. - wist watches, in which the
avai |l abl e space Tinepieces in. whichtine standard signals is severely
limted," for high power 95 are derived under piezo-electric crystal
consunption. involves the provision of a 2

1,571, 235 2 battery of relatively
hi gh capacity and bi assing respectively, and capacitors 19 and therefore
relatively large, if it is to have an 20 for frequency adjustnent. The
out put of acceptably |ong useful life. : ' . the main oscillator
is fed "to a frequency The present invention avoids the above divider 21,
the output of which is fed to a 5 nentioned defects.

delay circuit. 22 which i s of ﬂ shift 70 Accoﬁéing to this
invention there is reg %EéEF put fromthe delay circ®wit 22 is provided
a piezo-electric electr ' Led tlo one inpuf of an AND gate 24 the
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pi es€ having two pi ezo-electric crystal other input of which receives
narrow wi dth controlled oscillators with flexural node pulses from an
inverter 23 to which the 10 crystals having different flection tenper.a-
output from?21 'is also fed. . 75 tures ("flection tenperature” is
al'so known  The output fromthe' auxiliary oscillator is s"turning-point

tenperature” and "turn- fed to a second frequency divider

EC( 25 the over'
t enperature") between -50C and output fromwhich is fed to a second del ay

[e€rr], one of said oscillators being used as a circuit 26 followed by a.
third delay circuit 15 tinme standard oscillator, and neans, 27 There
are two inverters 28 and 28 of 80 responsive to phase or frequency
which the former connects the output of 25 differences occurring between
signals to one input of an AND gate 29 and the dervied from said
oscillators for latter connects the output of 26 to-ong, input

conpensating for variatilon in frequency due. of an AND g e 30. The outputs
of the AND 20 to tenpérat rratrors, of said ong\-gates 29 and 30
are connect ed respectivﬂ %ﬁ il I at or}. _ >
to the set and reset- i Eggaflop
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The neans responsive to phase or Each of the blocks 32 and 33 represents
a frequency diffectences may conprise a circuit consisting 'of a delay
circuit, an circuit. for conmparing the,phase or "~ inverter and an AND
gate connected inter- 25 frequencies of output signals fromtwo se in the
sanme way as the previously nen- - go frequency dividers one ' fed from
one tioned circuit elenents 22, 23 and 24. One oscillator and the other
fremthe other. output signal from-31is fed to 32 and the The ti nepiece
pay conprise a- phase or inverted output signal from3l is fed to 33.

frequency conparing circuit arranged to .. The flip-flop 31 changes over
its output only 30 provide zero output at the flection tenpera- if it
receives a reset signal after receiving a 95 ture of the crystal in one
oscillator and over set signal or if it receives' a 'set signal after a
tenperature range extending from[err] i ving. a.. ¢ wonal . It
operates as a below to iferr] aboye.- 80N ‘ " whi ch:
detects a phase change tbgﬁg@%gﬂﬁe“' bet ween

the frequency divided sighn 5] B
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nunb&fr of the frequency ratio of 'the two frequency divided signals
derived fromthe oscillators overa tenperature range of [err] auxiliary
oscillator, i.e.. it is, in effect; ato [err] mnus | does not exceed 5 X
10.. period difference detecting circuit, and, if a The value of the
gquadratic term of the period difference exists, there is produced 40
tenperature coefficient' of frequency of froman OR gate 34, a signal
whi,ch is fed 105 each crystal is preferably' in the range of into a
counter 35. Block 36 again represents, err] to [err] as do the.

"bl ocks 32 and 33, a circuit Preferably the frequencies of the two
consisting of a delay circult, an inverter and gquartz <crystal oscillators
are between an AND gate cohn i\t €r se i : Hz and
1000KHz. P2, 23| aph@a24. 37~ 39, 40 and 41
110 Preferably' the two. ql |V ch are reset
when a HI GH oscillators have
appears at "the output of 35
These dividers change the of
tenperature of AND gate 52

u ¥ ag:opt put signal
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50 | east one of the quartz oscillator crystals ' exclusive-NOR gates 42, 43
44, 45 and 46 115 is in the range of [err] to [err] only when they are in

the sanme logic states Referring to Figure 2, it will be seen that as
di virders which are connected to termnals there are two quartz oscillators
both Wth 47,48,49, 50and 51. At the tinme of resetting fl exural node

crystals. O these, one - of the dividers 37 to 41, the output of 52 is 55
includes a quartz' crystal -9,"an inverting LOW unless the state of 47 to
51 is LOW 120 anplifier 10, resistors 11 and 12 for phase and the H GH

output from52 is fed into adjustnment and for biassing respectively,'- one
"input of an AND -gate 54 fhrough an and capacitors 13 and 14 for-frequency
inverter 53.. Atine signal fr0 rec—agj ust ment. Thi s pscillator,
consisting of the oscillajo Eﬂﬂ "has ' ppsed through fu er 60 parts 9
to wll hereinafter be. ref i vi defs 55 and . obed.s ed into a
second i nput 125 as the|™ igr'. the -AND gate
: 54 and thence to the oscill i I e referred
divider 41. \Wen the' statps 'of 37-t(==&l |t iliary -
oscillator” consists of a fgcone equiEEs> |ho 51 the
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quar?izcrystal 15, an inverting anplifier 16, output of 52 becones H GH

t he output .of 65 resistors 17 and 18 for phase adjustnent and 54 becones
LOW and circuits 37 to 41 stop 130 3 )

1 572,235 _ 3 counting. This condition
is kept until regard to what the tenperature is. The.rate circuits 37 to
41 are-reset again. Wien the that such a.value has in. ranges as shown in
afgrementioned tiners are counting, a Figures 3 and 4 becones- high and
the nore counter 59 is reset by the period difference accurate
tenperature conpensation is 5  signal from 34 acting through an AND gate
obtained. In the circyit of Figure -2, the 70 57. ANnthis tine, the output

N

of an inverter 60 aver ofpyfh¢ rati ¢ of the pul seggtogically becones
HGH Circuit 59 recei\\igan added|by t.he gate 68 between 55 and 56)
to froman AND gate 62whl, Cobrol fed Ruetde.Quipit- frequency from 55-
is controlled _ : —— v CIJ
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out pit signals from inverters 58 and 61. by the signals fed in at 47 to
5-1 so as to be 10 Only a fixed nunber of pulses pass through close in
value to the value of Ain Figure-5 75 an. OR gate 63, adding pul ses
between 55 If the average of the ratio is |less than twice and 56. The’net
result is fed into a display this, the tenperature characteristic of the
devigce 64. A flexural node quartz crystal of main oscillator will be
carrespondi ngly from about IKHz to TOOKHz nmay be used inproved. The
frequency of the auxiliary 15 for each of the crystals 9 and 15. Wth such
oscillator may be so'controlled that the 80 crystals the quartz crystal
oscillators may. be output frequency of the phase-conpari son nade
relatively quite small and wel | adapted circuit in Figure 2 is zero when
the tenpera- for useas quartz oscillators in small tine-- ture is in a
range of [err] above or .bgl ow'the pieces, sucha§af wiis¥ @t ch. The

tenpera- flection tenperature.,of, gh os¢iftator, A&t ure- fr equency
characteristic of such a [A ' L tenmpepat ur el @harac- 85 quartz

oscillator exhibits an appr
the quadratic 'curve, the[qu
- function :
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N/ : :
being -2.0 to -4.5 x [err] and the flection -(difference between the
frequencies of the '"tenperature being in the range -[err] to mai n and
auxiliary oscillators)[err] nultiplied 25 [err]. Wth a quartz crystal
oscillator, the by the coefficient set by the above 90 higher the
oscillation frequency, the nentioned timers - show good' symetry,
greater, in general, is-the current con- which enables highly accurate
coqm sunption and for this reason the use of a pensation to be obtai ned.
The frequencies flexural -node quartz crystal oscillator of of the two
oscillators closely approach 30 from about 1KHz to 100KHz isw in general,
equality in the tenperature rﬂnge of from5 95 to be preferr&, especially
for wist watches. to [err] t hisgy i

he~sort] of tenperatur® Figures 3
~and 4 show .distribution r ich a tijrepi ece can n 1y be
exanpl es of the quadratic te 0- peicted to be used - and, over
a range of efficient of changilng 'tﬁEﬁ% er at 5to[err],
the departure of the 35 of the cyl=e==a [quar nucrysta Figure 3
frequency ratio of the oscillgtors fron1uE§§§ 1J00 s fa le in the
zone of 32KHz. can be nade | iithan 1/ (=== r]. gspcaﬁ c
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The ﬁBécissa axis is the flection tenpera- quartz crystals in the sane
frequency region ture and the ordinate axis is the quadratic can be used
for the crystals 9 and IS, it tenperature coefficient. Values of both
becories possible to use the sane type of 40 flection . tenperature and
quadratic vibratory crystal made by the same process 105 -tenperature
coeffi cient are deternmined by for both so that they can be mass produced -
substituting actually 'neasured values of- readily - a great advantage from
the point frequency at poinnts of [err], [err] and [err] - of view of

reduction of -cost. The frequency into the equation, shown in Figure 5,
declination of nost crystal vilrators of the—45— relating the ghanging rate
of frequency with type here in %2l iin a- rjor mal tenperaégilo
tenperature. The flection .ten tjure rgnge of froml oferr] is
bet ween al ong t he absci ssa axi g m by ther 10 x [err] and 50 x
[err]. Accordingly the tenperat t xils given by.the' auxiliary
oscillator. can be easily contrdl|ed above idned e j However, a
by bal anci ng the frequency of t auxi | i ar|g Si ifbuti on can be
obtained if actual and the naiqapscillatoesas gboyct. Sty on 115
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A\ 4 ' .
measur enents are used. tenperature of the crystal in the
main In Figure 5 which is an exanple of the oscillator. By choosing '
the flection quadratic equation nentioned above, AF/ FF tenperature of the
mai n oscillator to be at a is the rate of change of the frequency, A -is
normal tenperature in the range of 5 to 55 the quadratic coefficient, T is
the tenpera- [err], the frequency of the main and 120 ture, T.MAX is the
fl.ection tenmperature in auxiliary oscillators can be easily adjusted. the
equation and C is a constant. _If Furthernore this gives great advantage
measuring points at t nperatures from the i ewpoi nt  of
ti me- keepi ng which an i tuted into the equatiog¥are accuracy, in the
case of the cheaper Olz==dz iInterval s of abo [err] when the rate
of tinepiece in whic e com 125 change 'of frequency with
tenperature is pensa ided for - the quartz approximated to
the equation shown i, oscilla t he ; ause the Figure 5,
each fixed val ue shodh in Figu osqidkf ator hemsiits flection

tenperature in the\Mgcﬁlis fo frjom tire &gtasure- range-of normal
t enper at ures. . == 5 £ €2
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65 ﬁﬁﬁt will be relatively accurate w thout It is quite inportant to
measure the 130 4 1,571, 235
4 frequencies of the two oscillators for their wherein said neans
responsive to phase or 50 adjustnent.. This adjustnent can be
frequency differences conprise acircuit for perforned by using a circuit
for substituting conparing the phase or frequencies of the main and
auxiliary oscillators with each output signals fromtwo frequency
dividers, 5 other, using a circuit for stopping the adding one fed from
one oscillator and the other of signals and providing a switch coritrolling
fromthe other. 55 the two circuits. An exanple is
shown. in 3. Atinepiece asgédaigplld [[n clgim]| or 2 Figu 6. Here 70

n Si

gg' 77

and 71 are piezo-electric ilng a Jphase or frequagty
oscillators, 72 is a two-way
to provide zero

\I

8 conparing ciscuit arranged
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10 é?é inverters, 73, 74, 75 and 76 are AND output at the flection
tenperature of the gat es and 79 and 80 are exclusive OR gates. crystal ‘in
one oscillator and over a tenpera- 60 Wth the circuitry of Figure6, the
output ture range extending fron [err] below to signals fromthe OR gates
79 and 80 are fed [err] above said flection tenperature. in to the
dividers 21 and 25 in Figdre 2 in. . 4. Atinepiece as clainmed in any

of .the 15 substitution for the signals fromthe main preceding clains
wherein the absolute vaue and auxiliary oscillators in that figure. of.

t he nunber ofthe frequency ratio of the 65 As will now be seen the

arrangenent two oscillators oyer a tenperature range of descrjbed has
great advantages over known er t rrf] mnygs | does not egBeed quartz .
ti mepi eces, for it enables the uég f A [err][. 20 tenperatgle sensitive
el enents, such as 5. A tinepi B di=ed |n any of . the tenperature
responsive capacitors, for prec | B W]er e € value of the 70
t enperature conpensation, to bg d d dra 3 the
tenperature. co- with altogethgr enabling tiqéik gpi ey’ ef fi cient of
frequency of each crystal % 3 & bl
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accu>§6y to be obtained despite varying oscillator is in the range of -2.0
x[err] 25 anbient tenperatures from tinepieces to -4.8 x[err]. using
pi ezo-el ectric oscillators of relatively . 6. Atinepiece as clainmed in any
of ‘the 75 |low frequency and of relatively.|low power precedlng cl ai nms
whérein the frequenci es of consunption. t he
two .quartz «crystal osciilators are Attention is directed to the
specification between 300KHz and 1000Khz: 30 of our co-pending
Application No. 48149/77 7. Atinepiece as clained in any of the .
(Serial No. 1539010) which contains subject preceding clains wherein the
two quartz 80 matter related.to that of the present speci- crystal
oscillators have the sane fgequency fication.

over a tenperature range of$ E%EE flgrr]. §. A tinepiece gg%clained in
c

any of the WHAT WE. CLAIM | precedin cl ai ns

wherein the, flection 35 edamakedtric el ectronic {inepiece
tenperature, of at |east ong EEE; 85 having two piezo-electric
crystal controlled oscillato 4q==gin the range of [err] to
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NS
oscillators wwth flexural node crystals [err]. having different flection
tenperatures (al so 9. A quartz crystal tinmepiece having known. as
"turning-point tenperature” and tenperature conpensating circuitry. 40
"turn-over tenperature") between -[err] substantially as herein
described wth 90 and [err], one of said oscillators being used. reference
to. Figures 2 to 6 of the accom as a tine standard oscillator,. and neans,
pamsyi ng drawi ngs. responsive to phase or frequency - J.
MLLER & CO., differences occurring between signals Agents for
the. Applicants, 45 derived fromsaid oscillators for conpen:
Chartered Patent Agents, sating for variations in frequency due to

Li ncol n Housee, tenperature vhriagtion aid  one ~ 296- 302
Hi gh Hol born, oscillator. 1 ¢ ' . i; London,
WCIV 7JH. 2. A tinepiece as clhi laim |]Printed for HerdMajesty's
Stationery Ofice by the Couripr L gton Spa, 1980.
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Pubf?éhed by the Patent O fice, 25 Southanpton Buil di ngs, London, WC2A 1AY,
fromwhi ch copi es may be obtai ned. 4

1,571, 235 ~* CL M S * 4 frequencies of the two oscillators
for ‘their wherein saineans responsive to phase or 50 adjustnent. This
adjustnment can be frequency differences conprise a circuit for perforned
by using a circuit for substituting conparing the phase or frequencies of
the main and auxiliary oscillators wth each output signals fromtwo
frequency dividers, 5 other, using a circuit for stopping the adding one
fed fromone oscillator and the other of signals and providing a swtch
controlling fromthe other. 55 the two circuits. An
exanple is shown in 3. Atinepiece as clained in claiml or 2 Figure 6.
Here 70 and 71 are piezo-electric and conprising a phase or frequency
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oscilTators, 72 is a two-way switch, 77 and 78 conparing circuit arranged
to provide zero 10 are inverters, 73, 74, 75 and 76 are AND out put at
the flection tenperature of the gates and 79 and 80 are exclusive OR gates.
crystal in one oscillator and over a tenpera- 60 Wth the circuitry of
Figure 6, the output ture range extending from [err] below to signals
fromthe OR gates 79 and-80 are fed [err] above said flection tenperature.
into the dividers 21 and 25 in Figure 2 in 4. Atinmepiece as clainmed in
any of the 15 substitution for the signals fromthe main preceding |ains
wherein the absolute value and auxiliary oscillators in that.figure. of
the nunber of the frequency ratio of the 65 As will now be-seen the

arrangenent two oscillatprs over a tenperature range of described has
great advant ages over kno o [erf] mnus | does®™@ot exceed quartz
ti mepi eces, for it enabl e$ 5 x{[err]. 20 te rature sensitive
el enents, such as 5 A med rn any of the tenperature
responsi ve capacitors. f = ns el =al ue of the 70
t enper at ure conpensati on, sl | quadi®Ric terﬁi of the .
t enperature co- = i = f-‘?“ '
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mﬁta\gltogether, enabling high tinme-keeping efficient of frequency of
each crystal accuracy to be obtained despite varying oscillator is in the
range of -2.0 x [err] 25 anbient tenperatures from tinmepieces to -4.8 X
[err]. using piezo-electric oscillators of relatively 6. A timepiece as
claimed in any of the 75 |low frequency and of relatively | ow power
precedi ng cl ai ns wherein-the frequencies of consunption.

the two quartz crystal oscillators are Attention is directed to the
specification between 300KHz and 1000Khz. 30 of our co-pending
Application No. 48149/ 77 7. Atinepiece as claimed in any of the (Serial

No. 1539010) which contains subject preceding clains wherein the two
quartz 80 matter relatedfto that of the present speci- q&ystal
oscillators have the sanefr fii cati 4qn
over a tenperature range dfég of[err]. 8. A tinepiecelps claimed in
any of the WHAT VVE CLAIM |l S g |ng clains wherein
the flection 35 1. A pilez rij eqt 'qﬁr«ece t enper at ure of
at least one of the quartz == il - g
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haVﬁﬁg'tmo pi ezo-electric crystal controlled oscillator crystals is in the
range of [err] to oscillators with flexural node crystals [err]. having
different flection tenperatures (also 9. A quartz crystal tinepiece
having known as "turning-point tenperature” and tenperature conpensating.
ci)rcuitry 40 "turn-over tenperature") between-[err] substantially as’
herejn described with 90 and [err], one of said oscillators being used
reference to Figures 2 to 6 of the accom as a tinme standard oscillator,

and neans, panying drawi ngs. responsive to phase or frequency

J. MLLER & CO, differences occurring between signals . Agents for-

~the Applicants, 45 derived fromsaid oscillators for ¢ en-
- Chartered Patent Agents,; satdng jor| varigtions in frequgﬁgy due to
Li ncol n House, tenperaturigc=a tijons, |of said one N 296- 302
- H gh Hol born, oscillator, — London,
WCIV 7JH. 2. A tinepiece a | /2 disss=cllai m.l
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