"I MPROVEMENTS | N OR RELATI NG TO ELECTRONI C TI MEPI ECES" Thi s invention
selates to electronic tinmepieces and nore specifically to electronic
timepi eces in which a reactance el ement, usually a capacitor, is connecl
to a piezo-electric (quartz) crystal oscillator through the 5
internediary of a switch in order that the tine-keeping rate of the
ti mepieeé can be adjusted by opening and closing said switch tﬁ SMAtCh t he
reactance in and out of the oscillator circuit. The |nvent|mﬁ

illustrated in and expl ai ned,in 10 connection with the acconpanylng
drawi ngs, in which:- Figure i is a block diagramof one formof electronic
ti mepi ece enbodying the invention; Figure 2 is an explanatory figure
illustrative of a knomm nmet hod of time keeping rate adjustment by reactance

15 vari ation, ures 3 a). _and . % and Fiqure 4 |IIustraLe typi cal
t enperat ure char actwp PRSF q‘ff‘éF?“lrﬁo’g’:yH'%ﬁHE‘ﬁ gure 5 is a
circuit diagramof the enbod]nent of 20 the 1nvention illTustrated in
bl ock diagramformin Figure 1; -2 Figure 6 is a t|n1ng chart show ng

- signals occurring in the circuit of Figure 5; and
This invention relates to electronic timepieces and
more specifically to electronic timepieces in which a
reactance element, usually a capacitor, is connected to
a piezo-electric (quartz) crystal oscillator through the
5 intermediary of a switch in orxder thaf the tihe-keeping rate
of the timepiece can be adjusted by opening and closing
said switch to switch the reactance in and out of the
oscillator circuit.
The invention is illuétrated in and explained in
10 connection with the accompanying drawings, in which:-
Figure 1 is a block diagram of one form of electronic
timepiece embodying the invention;
Figure 2 is an explanatory figure illustrative of a
\/ known method of .t:.Lme keeping rate adjustment by reactance
15 variation; |
Figures 3(a) and (b) and Figure 4 illustrate
typical temperature characteristics obtained with a
quartz crystal;
Figure 5 is a circuit diagram of the embodiment of
20 the invention iliustrai:e’d in block diagram form in

Figure 1;



Figure 7 is a bl ock diagram of another enbodi nent  of this invention. 5

osciTl a 2 is a reactance elenent (nornmally a capacitor incorporated in
an inyegratred circuit (1C)); 3 is a switch (electronic); 4 is a frequency
dividers<6”is a rate adjusting step width determining circuit; 7 is a rate
10 “adj usting anmount deternmining circuit; and 8 is a controller 4

circuit. These various items of circuitry will be understood from nore
detail ed description to be giw@n~later herein. Various provisions for
adjusting the rate of a quartz tinmepiece are known. For exanple in one
known type of arrangenent 15 a trimrer capacitor is included in the
crystal oscillator cig.cuit stem.,sp that the oscillation frequency can be
Varied (and the rate THHES &iftst GaBits SPRET GREVHY 5 iRIe: SEerRid A
reactance of the_capacitor. JQ.another. known arrangenent what is in effect
a digital tuning "%%t%l%ﬁufts oé:rrgfﬁyed;p’ aanéari abl e 20 - ratio divider is
provi ded at a stage fmllanwing the 6Ly g Gkl br GmbS4indengnd the
divider ratio is adjusted c?iqgftally ]IYI’I ojgrd%rs to .a Jﬂust t he rgte of the
timepiece. In reggnthiteahverdcishe has arisen a denmand for tinepieces, and

especially small tinepieces such as wist watches, which 25 are of
very highgtine-keepi ng Phe Bigufds,alHeredes Mided ddbus, PdRrah&O1vesy reliable
and easy to adjust in rate. The two - 3- ' : '

a quartz crystal oscillator; 2 is a reactance element (normally a
capacitor incorporated in an integrated circuit (IC)); 3
is a switch (electronic); 4 is a frequency divider;
6 is a rate adjusting step width determining circuit; 7 is a rate
10 adjus£ing amount determining circuit; and 8 is a controllér circuit.
These various.items of circuitry will be understbod from more
detailed description to be given latef herein.
Various provisions for adjustiné the rate of a quartz
tiﬁepiece are known. For example in one known type of arrangement
is a ~trimmer capacitor is included in the crystal oscillator
circuit system so that the oscillatiqn frequency can be varied
(and the rate thus adjusted) by increasing or decreasing the
reactance of the capacitor. In gnother known arrangement what
is in effect a digital tuning method is employed; a variable
20 ratio divider is provided at a stage following the crystal
oscillator circuit and the divider ratio is adjusted digitally
in order to adjust the rate of the timepiece.
In recent years there has arisen a deménd for timepieces,
and especially small timepieces such as wrist watches, which
25 are of very high time-keeping precision and, despite this,

are also very reliable and easy to adjust in rate. The two
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known met hods of rate adjustnent just briefly described are insufficien}]y

sprecise and reliable to enable this demand to be satisfied and, S i
accordingly, a third method, illustrated by Figure 2 of the acconmpanyjfigs
drawi ngs has deen devel oped. 5 Referring to Figure 2, a capaci
provided for effecting frequency variation, is connected to a tinme-ba
quartzsctystal oscillator 1 (X is the piezo-electric crystal therein)
through an electronic switch (a=t¥3ansistor) 3, and the oscillation
frequency is varied by opening and closing this 10 switch by a control
signal applied thereto. In this way the time-keeping rate is adjusted until
the required precise accuracy of tine-keeping . is achieved. This_ nethod of

rate adjustnent, WACWR BGEPhPAD Lt trhedadbisEment PystdEdefivedessribed. patents
Nos. 3,568,093 and 4, 473,303, has the advantage. 15 t hat the precjse
e waust mont - oo mHeRRS By iprRceR 3R AhTiathe o ebfs, bUR At S
used in conmbination with_ the digital tuning nmethqd ntione bave reci se
rate adj ust nment can gnee saa(?ﬁls%\'?%dg%&\/era C?r%e %’v%r%/%\fmgecﬂée t?’%%gg'lg’f‘sotar%?‘gnt

‘tenperature. 20 by Figure Sy YRL 1a§%$:§>0a?.gixgz$%‘ig‘?{ﬁ s! hd ﬁleéx?td%geﬁaéehbe

acconpanyi ng Fi gur seri ous I'ts own. Because t

capaci tanceg of theyRPAGIG 86 FMghse 378 |caBRGioRe2 5 prdvLRRAEl! QEsectifig | N
practice, uSually incorporated™with the switch 3 in an integrated circuit
(1.C.) and becausefredency vafilatfon,d4e doRnbORd tQld @iderbadé iqastd N

manuf acture, different individual capacitors 2 will, when manufactured, be
of crystal oscillator 1 (X is the piezo-electric crystal therein)

- through an electronic switch (a transistor) 3, and the
~ oscillation frequency is varied by opening and closing this
10 switch by a control signal applied thereto. In this way the
time-keeping rate is adjusted .until the required precise
accuracy of time-keeping is achieved. This method of rate
adjustment, which will be found more fully described in
U.S. Patents Nos. 3,568,093 and 4,473,303 has the advantage
15 that the .precise rate adjustment can be effected in a very short
time. If this method is used in combination with the digital
tuning method mentioned ‘above, precise rate adjustment can
N be achieved over a relatively wide range of ambient
temperature.
20 However, the arrangement illustrated by the accompanying
Figure 2 has serious defects of its own. Because the
capacitance of the capaéitor 2 is small and the said
capacitor 2 is, in praiétice, usiié.lly incorporated with the
switch 3 in an integrated circuit (I.C.) and because,

25 also, due to 'inevitable variations in manufacture, different

individual capacitors 2 will, when manufactured, be of



4- different reactance val ues,.- the difference between the oscillation
f }pl’ cy when the capacitor 2--is connected to the oscillator 1 and the
ati on frequency when the said capacitor 2 is disconnected-will differ
fr.om one 5 timepi ece to another. Accordingly, even if the tining at
whi ch:the switch 3 is controlledgiss such as to give an equal adjustnent
rate-in all the tinepieces in a batch,the anount to be adjusted diffags for
di fferent individual tinepieces in the batch and this nakes tine-keeping
rate adjustnent troubl esone 10 and difficult. This is especially
the case when rate adjustment is required to be effected in tinepieces
whi ch have been ghissbtddtiiresbtianoe valed\U ke talfEerdnzer Bétilebiltheand need to be
rate adj usted because of the effect of ageing when in the hands of
retailers. The redcalistion fiegubhey ehen ehefdapdcitor] 2 is connearedy difficul t
to effect precise rate adjustnent before sale of the watches he has in
stock from a mamd &be wssilldtiorel aind thenpeniiatidn threqebncy When ti ne- keepi ng
rate adjustnent is attached to or otherw se provided with each individual
timepi ece (and i%he sabyFRBABILPT ek Jondisronnestedewily differ fyosl ppe of
comercial inpracticability to do this) the retailer will not know to what

extent the rate 'EJiF‘EBé‘?,‘FP aafe ey AF?‘?ﬁ?ﬁP@’c% PEehdfutiediBing RE EChod of
adj ust nent he g al | gerf and ag gﬁg ng if he is to achieve precise
20 ustment e hadeavinkn Srin SPiiet el el ae (st ARG 25 o s
little at a time,ang At r§tae BaS§ E‘lptﬁ’é t%gép%c_'é%m aCBSE, 1€ anount i

to be adjusted differs for d:.fferent ind:.vidual timepieces in the

batch and this makes time-keeping rate adjusment troublesome - o/

10 and difficult. This is especially t_h_e case when rate

adjustment is required to be effected in timepieces which

have been distri:buted from a manufa_ctufe‘f ‘to retailers and

need to be rate adjusted because of the effect of ageing when

in the hands of retailers. The retailer will, therefore, find it

15 very difficult to effect precise rate adjust;:ent before sale

of the watches he has in sﬁoc‘k from a manufacturer.
Unless a statement of the data for time-keeping rate
adjustment is attached to or otherwise provided _ﬁith each
individual timepiece (and it is —obviously expensive to the o
20 point of commercial impractj.gabilit;} to do this) the
retailer will not know to what extent the rate of each
individual timepiece is adjusted by the method of adjustment
he generally uses and accordingly, if he is to achieve precise

adjustment he has no option but to effect adjustment gradually,

25 a little at a time, and, at each step of adjustment, check the




-5- rate of the tinepiece being adjusted against that of a rate measuring
. device. This mekes rate adjustment a slow and troubl esome matter takingeN

great deal of ‘tine. The foregoing will be further explained with refer¢nigd
5 to Figures 3(a) and (b). Figure 3 shows tenperature '
characteristics of the rate (ordinates) against tenperature (t) (abscis
of an_gscillator including a quartz crystal having binary
frequency-tenperature charactgrggtics. Figures 3(a) and 10 3(b)
respectively show the tenperature characteristics for a case when the
capaci tance of the capacitor 2 (Figure 2) is relatively small and the case
when it is relatively large. (As already explained such differences in
capaci tance inevitably arise between individual 15 capacitors due to
unavoi dabl e small variationsin normal mass production manufacture). Figures
3(a) and 3(b) are deswnof dhe(tidebiedd ¥6imd adplhstelcagudniet cdnatass @ri stic. fo
(t) shows the characteristic when the swtch 3 is open; f (t) and f2 (t)
show t he char act er i s#tiecnedmritd desivd.chhiX) makes rat8 adjustmeseds saed Af and
Af 2 show the frequency duration between the frequency when the switch 3 is
open and the frequeard typnhieseniedmatiierchakingcs aaredt ¥aliof gdweral |y
substantially constant over the whole tenperature range. Now consider the
peak points of the tenpEpaifgreoodng\widlbr| fasther explajaed Nith eaferenqe

adjustnent is to be effected bg/ di vi di ng
5 to Figures 3(a) and (b).

Figure 3 shows temperature characteristics of the rate

- (ordinates) against ‘temperature (t) (abscissae) of an

oscillator including a quartz crystal having binary
frequency-temperature characteristics. Figures 3(a) and

10 3(b) respectively show the temperature characteristics
for a case .when the capacitance of. the c_apa.citor 2
(Figure 2) is relatively small and the case when it is
relatively large. (As already explained such differences
in capacitance inevitably arise between individual

15 capacitors due to unavoidable sma.‘Ll variationsin normal
mass production mmﬁa&&e). Figures 3(a) and 3(b)

N are drawn for a_,ﬁart_:_z crystals_ of the same characteristi.c.
fo (t) shows the chafact_eri_stic_ when the switch 3 is open;
£ (t) and £2 (t) show the characteristic when the switch

20 3 is closed; and Af1 and Af2 show the frequency duration
between the frequency when the switch 3 is open and the
frequency when said _switch is closed. Af is generally
substantially constant over the whole temperature range. Now
consider the peak points of the temperature cur\-res and

25 assume that rate adjustment is to be effected by dividing



-6- Af into four adjusting steps. As wll be seen the adj ust,i ng anount of

one step will be different for fhetWO'individuaI tinmepieces with _
charzetgqistics as shown in Figures 3(a) and 3(b), the adjusting anount of
onef$Rgpl5 in Figure 3(b) being twi ce that achieved by the sane step

16 3(a), Figure 3 thus clearly shows how it is that manufacturing
di fferences of capacitance betweensi-ndi vidual capacitors 2 cause the =«
adj usting anmount of one step of rate adjustnent.10 to differ between
i ndi vidual tinmepieces, thus preventing a person -engaged in rate adjustnent
from knowi ng how many steps are required, in any .individual tinmepiece, to
achi eve precisely &tdntatfguriadiukeine atepsthis widlabe aepn shei ous practi cal
defect. The present invention seeks 15 to avoid this defect and to
provi de rate adj us?¢AFEIRG, appRREhOf RISpFEeP Wilt decAtEierpht (1RE ®hgpaci t ances
of different individual capacitors intended to be of the sane val ue, the
amount of adj ust neti® AEFHEGE ymepiesss Jeithgharagheifticn i A ial |y

differ fromone ingdividual tinepiec f batch 20 tQ another and in
Whi ch rat o ad] ust ngh e, RPEVER - iheoPTHRSPS RERt R SRR DR 1 one
aspect an ectronj .| mepi C L £r i [RVANT ans._for

pr oduci ng ? r ef ere%%giﬁgﬁgggfg? tﬁ'??\% 'hﬁgqérlcg‘sq%h?ibgrng%%]%ra%%gtaaj ust ment ;
rate adj usting stepn\@iiggﬂ,_ q%,e,rm ni ng neans for '

Figure 3 thus clearly shows how it is that Imanufacturing
differences of capacitance between individual capacitors
2 cause the adjusting amount of | one step of rate adjustment \.J
10 to differ between individual timepieces, thus preventing
a person éng‘aged in rate adjustment £rom knowihg how
many steps are required, in any inaividual timepiece,
to’ achieve precisely accurat.:e tin_:e-keeping. This is a very
serious practi'cal defect. The present invention seeks
15 to avoid this defect and to prévide rate adjustment in which,
despite differences in the capacitances of different
individuai capacitors intended to be.of the same value,
the amount of adjustment achieved by an édj.usting step does not
materially differ from one individual tiinepiece of a batch
20 to another and in which rate adjustmént can be achieved.
According to this invention iﬂ one aspecﬁ an electronic
timepiece ccmprises frequency dividing means for éroducing
a reference signal detemining the resolution of rate
adjustment; rate adjusting step Width dete.rmini.ng.means for

25 determining the rate édjusting width achieved by one step of




25 determ ning the rate adjusting w dth achi eved by one step of
sadj ustment; rate adjusting anount determ ning neans for determning the
rate adj usting anmount; and control neans for controlling the tine rat_,;i,
connection of a frequency adjusting reactance elenent in a tinme standgst/*
pi ezo-el ectric 5 oscillator of the tinmepiece. According to this
i nvention in another aspect an electronic tinepiece includes a
time-standard piezo-electric Crystal oscillator the frequency of which is
variable to effect tine-keeping rate adjustnent by switch 10 means
switching in and out of the oscillator circuit; frequency dividing neans
for dividing the oscillator_oqut reguenc r ce tine_standard
signals for ti rre-i(aégsp’#mr%&bprea%gt ‘?é@iusgfn% Re T n‘é%?egggg%hﬁdm??nﬁef%f andard
signal s for deterdu.RiNg kB8 L Qb oBnAdlalis t dabte1 Lust ment
15 ~step w dt h&%gitn%r r#lﬁl r% rrggéjnsh?‘%rt h%ter?ﬁnni ng t‘ltw% rat én@%% 3§t¥rrent
step wi dth (anmoundsqefo AdhYSIHEPind She & BR) cdrindbt idhdof & 2e&filellcyd th the

determ ned resolution; rafte adjustnent anount deternining neans for
determ ning the rRQusteQ rédctanéd WSbhdid AT REInd Brafsdaalpiuze-viddtridie rate

adj ustnent step width; 20 and control nmeans controlling the operation
of the sw tghi ng oseabkatordef thbetigepiddd. of tine standard signals and
out put signals fromsaid rate adjustnent anmount determ ni ng neans, the
whol e arrangenent beianposdidly thathisi invespboat iincamithehaspettuah val ue wit hin
a relatively wi de range of possible
electronic timepiece includes a time-standard
piezo-electric crystal oscillator the frequency of which is
variable to effect time~keeping rate adjustment by switch
10 means switching in and out of the oscillator circuit;
freguency dividing means for dividing the oscillator output
frequency to produce time standard signals for time-keeping
operation of the timepiece and time standard signals for
determining the resolution of rate adjustment; rate adjustment
15 step width determining means for determining the rate adjustment
step width (amount of adjustment per step) required to accord
with the determined resoclution; rate adjustment amount
Y determining means for determining the required rate adjusting
amount in accordance with the rate adjustment step width;
20 and control means controlling the cperation of the switching
means under the control of time standard signals and
.output signals from said rate'adjustment amount determining
means, the whole arrangement being such that, irrespective

of the actual value within a relatively wide range of possible

25 values of the reactance switched in and out, the amount of rate



*

25 val ues of the reactance switched in and out, the amount of rate
adj ust+ent per step of adjustnent remains substantially constant at a known
pr'_.m' ned selected value. In carrying out this invention, Af is
pr di vided by the resolution determ ned by the divider neans; 5

the rate adjusting step width deternining neans. determines the rate .
adjusting width of one step to be always constant- by conbi ni ng sone of“the
divisions of Af, while the rate -ad tusting anount determ ning neans
determines the timng for the switching of the switch 3 with respect to
every 10 single step determ ned as above. “Accordingly, with rate

adj ustnent effected in this manner, the rate adjusting wdth of one step is
mai nt ai ned subst addjugtneptepestsAAP Afcgdivitasnt gemains suprtartidid® of the
capacitor 2 and rate adjustnent is made precise, easy and quick to achieve.
15 Fi gu?‘?é‘sfaﬁ’éaé B KSOKn Rregriarmdned felefRGdFAi®e of this

i nvention. In Figure 1, there is a%‘l-éme. standard;guartz oscillator 1, the

oscillation frequency"df3RRYHAT BN Hids VPR 8% REPRSSH ¢l osi ng an
| ect [ i tch . dt 20, . . | | l.atog. . t. igh th
St IEN B TR e R S

output of 'Lhe QUAILS rafd Yl b PLAbOksdudR: HbflieP Re b hatllaldd | T

signal Fo for driving t est e watch circurtry and nmechanism

(represented sinmipe R¥rd RAIRHAGK wiath!ofRbe AR 88 )b Blays"QDMatant

by combining some of the divisions of Af, while the rate

adjusting amount determining means determines f:he'timing \.J

for the switching of the switch 3 with respect to every
10 single step determined as above. Accordingly, with rate
adjustment effeéted in this manner, the rate adjusting
width of one step is maintained substan_ﬁially constaht
regardless of the capacitance of the c‘a_pacitor 2 and
rate adjustment is made precise, easy and quick to achieve.
15 Figure 1 is a block diagram of one embodiment of
this invention.
In Figure 1, there is a time standard quartz oscillator
1, the oscillation frequency of which can be variéd by
opening and closing an electronic swi_.tch 3 connected to the
20 oscillator through the intermediary of a capacitor 2. 4 is
a frequency divider which divides the output of the quartz-
crystal vibrator 1 and produces a standard time siénal Fo
for driving the rest of the watch circuitry and mechanism
(represented simply by the block 5; it may take any well known
25 form). Fl and F2 are frequencies taken frcz;z the divider

and used for determining the resolution and the synchronization

*



25 form. [err] and F2 are frequencies taken fromthe divider and used
.for determning the resolution and the synchroni zation -9- resps
of rate adjustment. The rate adjusting step width determ ning circft
represented by the block 6 and produces a signal [err] representi
rate adjusting amount (i.e. rate adjusting w dth) produced by one stép. 5
As w kL -be better understood later, the circuit 6 uses the signals [err]
and F2 to produce a co-efficient2a of adjustnent per step of adjustnent,
the total adjustnment wi dth being determ ned by the application of signals
to the selecting signal Input termnals L1 to Ln. The rate 10 adj usting
anmount determning circuit 7 produces a signal F4(P) representative of the
total rate adjustFS§PeFRSURLY OF Fateadjusteant. iBhengath 2 uetelngdstePt i ng step
wi dth of one step as determined by the circuit 6, the. standard signal FI

and the val ue (P) "4 GFREHALNY (ﬁiﬁfu’édf‘ﬁs"tempﬁﬁs%ﬁrﬁy $he block jot erni ned by
th | ect I t I to LN of t

cont rol cirodit protRFRGNEE fi Tig"Eh GdP FEPTORERELR %ﬁ?ls 4 WP and

cl osing of the elggg&aplgaﬁm%%%pfﬁgﬁggn t"tﬁF%¥%Q&é nel dt for

det erm ni ng synchronr zati repres |ng t he

total rate adi UshingiaTHyMeess inBGER NGy & tfhscaﬁqliﬁaé S8yl ustrent by

varying the oscillation frequen he quartz crystal vibrator 1.
the signals F, and F2 to produce a co~efficient o of

1
adjustment per step of adjustment, the total adjustment

- width being determined by the application of signals to
the selecting signal input terminals Ll to In. The rate
10 adjusting amount determining circuit 7 produces a signal
F4(P) representative of the totai rate adjusting amount to
~ be achieved, 'using the rate adjusting step width of one
step as determined by the circuit 6, the standa:-cd signal
Fl and the value (P) defining the total adjusting amount
15 determined by the selecting signal input terminals I..n+l
to LN of circuitry. 8 is a control circuit producing a
timing signal F5 for controlling opening and closing of
S the electronic switch 3 and utilises the signal Fl for
determining synchronization and the signal F4(P) representing
20 the total rate adjusting amount, and accordingly effecting rate
adjustment by varying the oscillation frequency of the quartz
crystal vibrator 1. _
Figure 4 will assist in an understanding of the
way in which the improved perfomanée of the timepiece of
25 Figure 1 is obtained.

Figure 4, like Figure 3, illsutrates the temperéture



Flgure 4 will assist in an understandi ng of the'may i n which the inproved

per f- nce of the tinepiece of 25 Figure 1 is obtained. Figure 4,
i ke Jre 3, illsutrates the t emperature 10- characteristic of a
t ypike .-quartz crystal vibrator. In Figure 4,.d is the resolution as

determ ned by the reference signals FI and F2 and:-t he frequency deviation

Af. Fl is the signal for deternining the adj ustiing frequency and 5 B
F2 is the signal for detern1nlﬁﬁ fhe minimumunit-time for switching the
capacitor 2. W may wite, for d, the equation - 1 F [err] 10 wher e

[err] and [err] are the above- nentloned frequencies [err] and [err], S
Is the rate ad) usgh&&c%giézigfqme;@i%al%ﬁé &ggeil t9ndfkor TNEs rate

adj usting amount determning circuit 6 performs the calculation [err] The
value of d will vaiy 4h 4lijdctnatbosRiofashibtemified By the refemmged to
remain the same and not diTfer fromone individual watch to anot her by
adj usting the val gegpfist PE £86FS a6l Gite BreqBeR6F dePVatidnt He MpauUf act uring
vari ations between | ndividual capacitors 2,the value of [err] cannot be
predet ermi ned but iwitHe diddadr far ietémiinkyg fthérﬁdljﬁ:hﬁhuj @redqienby aindt he sane
line of 20 manuf acture, it is necessary, in the interests of

achi evi ngs F2 is the signal for determining the minimum unit time for

switching the capacitor 2. We may write, for 4, the equation

P -1
a= ae, —2
1
10 - where #1 and P2 are the above-mentioned frequencies,

F1-1=1/F and Fz-; = l/Fz. S is the rai:e adjusting
width of one step and is equal to ad. The rate adjusting
amom;t determining circuit 6 performs the calculation S=ad.
The value of d will vary with fluc.tuation of Af but S is

15 caused to remain the same and not differ from one individual watch
to another by adjusting the value éf the coefficient a.

Since, owing to manufacturing variations between individual
capacitors 2,the value of As cannoﬁ-he predetermined but will
differ arbitrarily from watch to watch of the same line of

20 manufacture, it is necessary, in the interests of achieving
high time-keeping accuracy by precise rate adjustment ,to choose
the resolution 4 sufficiently small to enable the requirement
for t;he rate adjusting width S to be achieved by adjusting
the value of Y. Thus, if in mass production manufacture

25 Af is measured for a number of watches of a line and,in the

light of the information thus obtained, the value of d is

it cmmrmmivm e tys & L awe meemme iy e e em. s mc o fnre emne oo e oy e B e LA



hi gh time-keeping accuracy by precise rate adjustnent,to choose the
;resolution d sufficiently small "'to enable the requirenent for the ratef:-
adj usting width S to be achieved by adjusting the value of y. Thus, i{ 4%,
mass production manufacture 25 Af is neasured for a nunber of ches
of a l-ine and,in the light of the information thus obtained, the value of d
S ~sti tably chosen to ald gw.any desired value of rate adjustnment |ikely
to arise in adjusting the step width determning circuit 6 of the practice
to be achieved, the rate adjusting wdth S of one step of adjustnent w ||
in effect be the same for all the 5 I ndi vi dual wat ches despite

di fferences of thgiveBhy@nabes 2BagIoRNER, Qbsii@ GARACHE Hatd {d5Q5ksne Wat ch
to another. As a result, the retailer will have no difficulty in effecting
accurate rate adpichigerd avisd Adi ¥djdidoing\@he aepowidthl JetardiGiagi tircane ean
easily know how many steps of adjustnent are necessary 10 to adj ust
any i ndivi dual tofraheemmactiss ol kg achidvell, | theFrgty adjustingheidan| 31 org
anount required in any particular case and P is the nunber of steps
satisfying the egtet POradjustne8t vild bwrefdect bestivetsantfortédld the¢ e adj usting
anount determining circuit 7 which perforns 15 t he cal cul ation

accordi ng t o t heipfizédeadr Hatahes\Jeppetofdipfexpnges afiithe vajue oft eapagdFanse ng
anount required. Accordingly, by informng retailers of the predeterm ned
val ue of P they BhitheacamaGitard 2 siFomdprs wabfpter 9 hee- A astesBit, The

control circuit gneI Q’etl'.zéi %Lewi]llpﬁgv%ugsdi.tfgfc&%gruﬂl effecting accurate

rate adjustment of individual watches quickly and easily
~ and can easily know how many steps of adjustment are necessary
10 to adjust any individual timepiece.

Assuming that L in Figure 4 is the adjusting amount
required in any particular case and P is the number of steps
satisfying the equation L = PS, the number P is set into the
rate adjusting amount determining circuit 7 which performs

15 the calculation according to the predetermined vlaue of P
to determine the total adjusting amount required. Accordingly,
by informing retailers of the predetermined value of P
they can easily and speedily complete rate adjustment,

The control circuit 8 in Figure 1 produces the actual

20 rate adjusting signal F5 froﬁ: the timing signal Fl received
from divider 4 and F4(P) as deﬁennined by the calculation
made by the rate adjusting az;xom':t deterwining circuit 7.

Figure 5 shows in some circuit detail the watch
illustrated in block form by Figure 1 and Figure 6 is

25 a timing chart shown occurring in Figure 5.



20 . rate adjusting signal F5 fromthe timng signal Fl recelved from
divider 4 and F4(P) as deternined by the cal cul ati on made by the rate

adj usfrq armount determining circuit 7. Figure 5 shows in sone circuit

det watch illustrated in block formby. Figure 1 and Figure 6 is 25
atin chart shown occurring in Figure 5. - -12- In Figure 5 the parts
3. to 5 inclusive correspond respectively with the sinilarly referenced.d
parts in Figure 1 and bl ocks 6, 7 tha s correspond respectively with the
simlarly referenced blocks in Figure 1. The bl acks 5 9 are stages of
a binary counter with reset termnals R and R and-cl ock i nput termnals cL

and Q output termnals g,{]c}i&@m h@}aeg%ag& q_egges qggf&g )%QE%&FO |_9t0 L5

are the rate adjustlng epW| erm ni ng ermnas an ar e

the rate adjusting &!L%H@Ew@ﬁ%%ﬁh”&ﬂég sﬁil%@?'&fe?@%eﬁopaxts YREGhAE Ms i n
poi

Figure 6 occur at ts wth corresponding references 1n Figure 5. In
Figure 5, the binary ;aauilotks %, 7hensd @ BS:depset debRitevely Witht 10 and the
rate ajdusting step width and the rate adj usti ng anmount determ ni ng
termnals Ln toget hede SNl @ férertelatllcrkdi M Fioire Al iThedblddker circuit,
the ratio of which is determ ned in dependence upon which of the L

term nal s regei ves @rarengisgesiamal biraryt dvameer cith Bfseki tprmen&ls t he
resolution d is

R and R and clock input terminals cL ‘and Q output terminals and
10 is a coincidence detector circuit. LI to L5 are the rate

adjusting step width determining terminals and L6 to L9 are o

the rate adjusting amount determining terminals. The o/
10 wave forms in Figure 6 occur at poir_ﬂ:s with corresponding
references in Figure 5.

In f'igure 5, the binary counter 9, the coincidence
detector circuit 10 and the rate ajdusting step width and the
‘rate adjﬁstin§ amount deteminixitj tmls Ln together
5 constitute a variable division ratio divider circuit, the

ratio of which is determined in dependence upon which of
the L terminals receives an input signal.
In the circuit of Figure 5, the resolution 4 is

given by ‘the equation: -

= Af. @256
S

_ ¢ 0.5
and accordingly, the frequency deviation Af is divided
into 512 parts. When Af=0.205 sec/dé.y, d=0.0004 sec/day.
If the rate adjusting step width S of one step for a rate

25 . = .

adjustment of the desired precision is 0.008 sec/day,

@=20 (one twentieth of 0.008=0.0004), 4 is expressed as
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gi ven by the equation:- 20 1 [err] and Py
s;accordi ngly, the frequency deviation [err] is divided into 512 parts. vﬂ"@\
Af =0. 205 sec/day, d=0.0004 sec/day. If the rate adjusting step width w
one step for a rate 25 adjustnent of the desired precision is 0.008 -
sec/day, [err] (one twentieth of 0.008=0.0004), d is expressed as - 13 -
1 1 a = 2 sec (that is, the adjusting anount d (256 1 is obtained if
the switch 3 is closed for a peri_og of [err] sec in 2 sec). So, given that
the signal representing the rate a jsu'sting width Sis [err], we my wite: -
5 [err] Converting this into frequency, we
obtain:- [err] and thus F3(20) is obtained by dividing [err] by 20. 10

If a = 20 is set by i narip ecoddssen (that st ethedpdpisitigg stewntnddt h
~determining circuit ®56the circuit 6 acts as a vicenary (twi entieth)
counter, thereby presenting a desired value of F3(20). Thereforedl even if
the frequency devi atiiSopbyeingd fiffofhe Brslodelsiglesed donrfoPhriod of @256

sec in 2 sec). So, given that the signal representing the

rate adjusting width S is F3(a), we may write:-

Fiq (20) @256
.- Converting this into frequency, we obtain:-

F3(20) = %0

- @256,
and thus F3(20) is obtained by dividing ¢256 by 20.

10 If a = 20 is set by binary codes in the rate
adjusting step width determining circuit 6, the circuit 6 acts
as a vicenary (twientieth) éounter, thereby presenting a
desired value of F3(25). Therefore, e{ren if the frequency
deviation Af differs from one watch to another

15 due to differernices between the capacitances of different
capacitors 2 and consequently 0 varies, by determining

S~ a, a desired value of F3(a) can be obtained.
If o is not an integer, decimal fractions can be

discarded or & raised to the next integer above the

20 decimal point. Bowewver, if error caused by such rounding

off or rounding up is too large in a pérticular case

to be ignored, having regard to the precisidn required in



di fferences between the .capacit.ances of different capacitors 2 and
wgently a varies, by deternmining a, a desired value of [err] can be
Ao 1f a is not an int eger, decinmal fractions can be discarded or a
rai sed to the next integer above the 20 © decimal point. However, if
error caused by such rounding off or rounding up s too large in a
particul ar case to be ignored, h?Xl ng regard to-the precision requi red\f‘n
14 that case, the resolution d can be raised until the error becones
tolerable (to increase the difference between. F1 and F2) and the "bit"
nunber of the rate adjusting step wdth determ ning circuit 6 increased in
correspondence 5 that case,\\thehréselutics ¢gasen bearaisedf witid tlesol ution d. As
wi Il now be appreciated, by previously deternini fig a by cal cul ati on and
setting it in theematebe@dpestuomgr&lep(w dudredee cthel Al fhgrence betweendur i ng
manuf acture, the rate adjusting anount can be determned in common for all
10 speci merfd ahd F2j ard she ripigf MEGft%EPEEG@jum as a concrete
exanpl e the case nentioned above in which S = 0.008 sec/day. If the

necessary rate adi'®®t¥iifhafphamminindscirayst & dererapedt He cAtFRs@PIdense

adjusting steps required.is 7 (derived fromlL= cordingly, 15
by setti gg P(=7) Y t'ﬂ'ée F@‘F’Fﬁaﬁéﬁi Falge f E@e(ff"‘s?zl'f'&)if’ﬁt-‘i' adj usti ng anmount

determning circuit 7A 9£n now be appreciated, by previously determining
o by calculation and setting it in’ the- rate adjusting
step width determining circuit 6 duiihg-manufacture, the
rate adjusting amount can bhe det_e.nnined.'in common for all
10 specimens of a line of manufactured timepieces.
Take as a concrete example the ease mentioned
above in which S = 0.008 sec/day. If the necessary rate
adjusting amount L is 0.056 sec/day, the nurber P of -
adjusting steps required is 7 (der;.vee from I~P.S). Accordingly,
15 by setting P(=7) in the tem:.nals L6 to L9 of the

rate adjusting amount detemining circuit 7, from

F4 (7) = % F3(20), the desired adjusting amount F4(P) can
be obtained in the same way as in the case of the rate adjusting N

step width determining circuit.

20 The control circuit £ produces the signal FS5 which
represents the ratio of F4(P) and F1 and whick controls
the electrohic switch 3, so that the desired rate adjustment is
obtained.
Figure 6 shows the timing of the above signals and will,
25

it is thought, be self explanatory from the references thereon.



FA(7) = [err] the desi red adj usti ng amount “F4(P) can be obtained in the Pl
‘sane way as in the case of the rate adjusting step width determning % t
circuit. 20 The control circuit 8 produces the signal FS
represents the ratio of F4(P) and FI and which controls the el ectron
switch 3, so that the desired rate adjustnent is obtained. Figure 6 shows
the tifmng of the above signals and will, 25 It is thought, be self
explanatory fromthe references thereon. The invention is not limted to
the enbodi ment so far described, ,and many nodifications are possible

wi t hout departing fromthe scope ©of the invention. For exanple the circuits
6 and 7 may utilise down-counting counters. 5 I f the del ay

i ntroduced by the control circuit 8 is |large enough to warrant it, means
may be provided for deathd@nvédtiontis fbtdUlifited 8o aHal afioadhadl 851 simlar
to Figure 1, of an enbodinment in which this is done. In Figure 7, a

m croprocessor ( notf&havdgribed,cand agad moldfications are pdsefiBld wiaghdut Fi gure
7, the quartz crystal oscillator 1, which supplies tine standard signals to
the divider 4', hasddpastiRciftdmathe scbpe gifetiy iadéntibed Roy epspilag and
closing the electronic switch 3 which is connected the oscillator through

t he capacitor 2. Dittedeirquiting 4hd (i mayletilise @Swn-countingutguitefs.om t he
quartz oscillator 1 to produce the tinme standard signal [err] for the rest
of the wat&h (repr esentéﬂtby delay introduced by the control circuit 8

is large enough to warrant it, means may be provided
for dealing with it. Figure 7 is a block diagram, similar
to Figure 1, of an embodiment in which this is done. In
Figure 7, a microprocessor (not shown) is employed.

10 Referring to Figure 7, the quartz crystal oscillator 1,
which supplies time standard signals to the divider 4',
has its oscillation frequency adjusted by opening and closing
the electronic switch 3 which is connmested ts the oscillator
through the capacitor 2. Divider means 4' divides the

15 output from the quartz oscillator 1 to produce the time standard
signal Fo for the rest of the watch (represented by

. block 5') and a signal F6 which is applied to the control

circuit 8' and is one of the signals determining the
resolution of rate adjustment. The divider 4' may be

20 constructed of random logic circuits or be sc constructed
as to perform division in accordance with a £redetermined
program. The apparatus in block 5' may comprise means
for performing as well as a basic timepiece function, a
timer function, a stop watch function and, indeed, any

25 other function, e.g. that of an alarm, known in electronic



block 5°) and a signal F6 which is applied to the control circuit 8 and is
ong>ef the signals determning the resolution of rate adjustnent. The
d'r- 4' may be 20 constructed of randomlogic circuits or be so

Q)

constructed as to performdivision in accordance with a predetermn ned
program The apparatus in block 5 may conprise neans for performng as-
wel | as a basic timepiece function, a timer function, a stop watch funs#d on
and, indeed, any 25 other function, e.g. that of an alarm known in
el ectronic -16- tinepiece pracigce, utilising.the frequency F for 0 the
pur pose or purposes. Froma suitable point in the known circuitry in block
5 is taken-a signal F7 determning the resolution and the effecting
synchroni zation 5 of rate adjustnent. The-apparatus in block 5 may
i ncl ude a stage ofivepdgoepractivedi wiidising i:bé~|’imﬁngxdyhﬁpsftce:ges in block 4")
or part of the tinme-keeping circuitry may be in-block 4. The signal F7 may
accordi ngly be takbs PuFRRRehPHEUrROses. fxsmkaSsuitpble Eoidtiidethd th t he
particular 10 desi gn and construction enployed. The rate adjusting
step W dth det er kPRSI TEETY ig biogkcal disctatafe 2t e rate anount

effected by one step of rate a\o’[j usfment fromthe resol uti on determ ned by
the signals F6 anﬂe‘t%fm. AP RS FEPRETICoR A FP fh G T HOSa B IRFPMF AR h.  The

input is of rate adjustment. The apparatus in block 5' may include

a stage of frequency in division (folwmg the stages
in block 4') or part of the time-keeping circuitry may be
in block 4'. The signal F7 may acc_oz_'di'.ngly be taken from
block 4' or block 5' in accordance with the particular

10 design and construction employed. fl‘he " rate adjusting step
width determining circuit &' calculat_es the adjustable rate
amount efiected by one step of rate adjustment from the
resolutics determizes by the signals F€ _and F7 and the value
0 determining the adjusting width. The = input is

15 applied ext'_ern;aliy to 6' as indicated in conventional

manner. The rate adjusting amount determining circuit 7'

calculates the total adjusting amount from the rate !

adjusting sﬁep width calculated by the rate adjusting step
width dete:i_‘.ining circuit 6' and the value P, determining
20 the total amcunt of adjustment, is applied externally to
7' as cc:ve;'.ttionall' indicated. The control circuit 8'
produces a t'imixig signal F8 for opening and closing the
switch 3 in accordance with the total rate adjusting

amount as calculated by the rate adjusting amount determining

25 circuit 7' and the signals F6 and F7. In this way the oscillation




15 applied externally to 6' as indicated in conventional manner.
srate adjusting anmount determining circuit 7' calculates the total ady
anount fromthe rate adjusting step width calculated by the rate adj
step width determnig circuit 6' and the value P, determ ning 20
total ~anmount t of adjustment, is applied externally to 7' as
conventional |y indicated. The control circuit 8 produces a timng signal
F8 for opening and closing the switch 3 in accordance with the total rate
adj usting anount as calculated'b§7tﬁe rate adjusting anount determ ning 25
circuit 7' and the signals F6 and F7. In this way the oscillation - 17 -
frequency of the quartz crystal oscillator 1 is varied to effect rate
adjustment . The BOLLiARy Ol KNE Rl LY IAL¥ANGLOSd:LY 1l b AEQLPR ! i ne B
represents the portfron ¥t he & paratu I ch IT's processed by the software

of 5  the mMgrQRt 9665 385 udtihe S HAWRorYORIOH Bfk (BELsRRYLS @ and P. The
characteristics shown in Figure 4 and already described apply also to the

enbodi ment of Fi gHefoséa by thERRLR NI HENE rRbr&delivs ené phraibgsol ution d is
as given by:- 10 [err] F7 is accordingly a signal determning
the cycl e of theofithegpparateP hity Jshprsdsked vy el EFl.sred oF gnal
determning the mninumunit time for opening and closing the switch
[err]. The ' the microprocessor (not shown) supplying the inputs a and P.

Thel

.

The characteristics shown in Figure 4 and already described

apply also to the embodiment of Figure 7.

\/ In the embodiment of Figure 7 the resolution 4 is as given
by:-
10 _ . F6
d= Af ol

F7 is accordingly a signal determining the cycle of the
tiz:iz3s for opening the switch 3 and FE€ is a signal dete.ﬁ.ir.;
the minimum unit time for openirzz and closizy the switch :. The

rate adjusting step width S is expressed by § = a - 4@ and this

15
calculation is performed by the rate adjusting step width
determining circuit 6' in accordance with a predetermined program.
~ As will now be appreciated although 4 varies with variation
of Af, it is possible to make S constant by adjusting the
e coefficient 0. Therefore, if in the course of manufacturing

a line of watches, d is suitably chosen after measurements of
4Z, the value of 0 corresponding with the desired value of
S is calculated with respect to an individual timepiece (&
may, for example, be 4 in this embodiment) and the calculated

25 value of o is set into the rate adjusting step width determining



15 rate adjusting step wwdth Sis expressed by S=Q d and this
‘,:?-’ ation is perforned by the rate adjusting step width deterpining
ctkslft 6' in accordance with a predeterm ned program As will now be
appreci at edal though d varies with variation of Af, it is possible to nake S
constant by adjusting the coefficient [err] Therefore, if in the course jof
manuf acturing a line of watches, d is suitably echosen after nmeasurenments of
Lf, the value of a correspbn’(ﬂ g with the desired value of S is calcul ated
with respect to an individual tinmepiece (a may,. . for exanple, be 4 in this
enbodi ment) and the cal cul ated 25 value of ais set into the rate

adj usting step width determ ning means circuit 6',This adjusting anount

effected by one gbess Qhirédiitcsadhust sBust Md mbent BES&Ite@dby ¥nspeaki ng, the
sane for all specinmens of ‘the sane manufacturing 1ine of watches It will be

seen to follow, ketepndeheaticaasidtineft) will be, pRhdiaadylyispeskial, Fi gure 7,
that there are various possible ways of making S:-constant, by changi ng the

coefficient a i nthesamé farr all spiebimdne &f theCeampppamcfaatwringhbinei 6f anycids
the values F6, F7 and a is changed the sane effects are enjoyed. 10
Once the ajdusting wiIdt wilif benseest &p fiodlolet Erom Ithd, degerigtigasy t o det er m ne
how many steps are necessary to adjust the rate of any individual
timepieces |f L iahreEdyugiven pf Fignee r7at thakdjthexs age vardaws pessibdecasy to
effect a total required anount of rate adjustnent by externally applying to
7' ways of making S constant, by changing thé coefficient
o in S = ad for it will be at oncetappréciated that if any
of the values F6, F7 and 0 is changed the same effects "
are enjoyed.
10 Once the ajdusting width of one step is determined, it
is easy to detexrmine how many stepé_are necessary to adjust
the rate of any individual timepiece. If-L in Figure 4
is the rate adjusting amount, it is easy to effect a total
required amount of rate adjustmernt by éxternally applying to 7'
is an input P which satisfies the equation L = PS.
The control circuit 8' produces the signal F8 which
keeps switch 3 open for a period oPF6 seconds every
F7 seconds, when the total adjusting amount calculated by
the rate adqutinq amount determining circuit 7' is set into it.
20 The control ;ircuit 8' may, for example, be a preset
Sown counting counter.
As alreédy mentioned before, if & is set by the
timepiece manufacturer and the value of P is given to timepiece
retailers, precise rate adjustment can be_effected speedily
25 and without difficulty by the aQerage timepiece retailer before

he sells an individual watch in a line of manufactured watches.
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15 an input P which satisfies the equation L = PS. The control circuit
8' produces the si gnal F8 which keeps switch 3 open for a period [err] >
seconds every F7 seconds, when the total adjusting amount cal cul ated by
rate adj usting anount determ' ning circuit 7° is set intoit. 20 Th
control” circuit 8 my, for exanple, be a preset down counting counter.
al readyrnenti oned before, i<f184s set by the tinepiece manufacturer and the
value of P is given to tinmepiece retailers, precise rate adjustnent can be
effected speedily 25 and without difficulty by the average tinepi ece
retailer before he sells an individual watch in a |line of manufactured

wat ches. - 19 - To MBCERSPPHIUALS. &VBR 3% there ér%u'”é"ﬁffrﬁ‘}f‘ﬁjc‘t%ri ng

di fferences betweea é{eg C‘EﬁpaCI t ances of individual acitors 2, the rate
adj usting step wi dth**FaFE aﬁ?ﬁeﬂeﬂ'f?sci‘%acdf’a%c’e)s Q\fl dé‘? ‘??Baﬂ'f\é’rs

adj usting anmount per e the ane fo i.ne; the
retailer can then gét i’fh‘ga SURGEPT5P9 & 3% dﬁhzfgésgiaaé:ﬁf%% %afl?l Oggl red

7) “and the. contr of Lot ot HELF tt?‘§a9‘*ﬂ*ﬁ§%%m?§‘9#h%%*d§%§%m’@ i fﬁ?‘ééuél "
the signalg (F3 or E) Lerndadbfst hige;t t?.ﬁe RAt81R¢ dfh then setCOMY hhdd N9 the

openi ng and closing of the swtch 3; and thus precise rate adjustnent is

qu Id ckl %/ ?Ed easi | Yopaitkpt Bdacdiriahdte wi€h dhk deshdsa Lot 40 aa§u§tqngesm%nmne
an sSe e

the rate adjusting amount determining circuit (7 or 7') and
the controller circuit (8 or 8') will then automatically
i\/ produce the signal (F3 or Fg) for adjusting the rate by

10 controlling the opening and closing of the switch 3; and thus
precise rate adjuéunent is quickly and easily performed.
All the retailer has to do is to determine and set the
adjusting step number P while taking into account the rate
a22-uzstisc width of one step (as previcusly determined by the

15 manufacturer and of which he has been informed;, and the
required total adjusting amount will be obtained regardless
of manufacturing differences between different watches
in a line of manufactured watches. Moreover the minimum
adjusting amount can be made very small (because the minimum

20 resoltuion is determined only by the ratio of F1l to F2 in
Figure 1 or of F6 to F7 in Figure 7). So if this invention is
=sed iz combination with a conventional digital method of
changing the division ratio of the divider, the method of
setting the rate adjusting amount will appear to the

25 outside observer to differ from the conventional digital tuning



adj usting step nunber P while taking into account the rate adjusting
Ldth. of one step (as previously determ ned by the 15 manuf act ur er
@_bf.,whi ch he has been inforned), and the required total adjusting anount
| be .obtained regardl ess of manufacturing differences between different
watches in a line of manufactured watches. IVbr eover the m ni mum adj usti~ng
anount can be nmade very_ spall (because the m ni-rrum 20 resol tui O'n.)'i S
determined only by the ratio of FIl to F2 in Figure 1 or of F6 to F7 in
Figure 7). So if this invention is used in c¢nbination with a conventional
digital method of changing the division rati o of- the divider, the method of

setting the ratepagidsSt hf% iANERL tﬂ@ lslet@ﬂ'%eaﬁié"onmr2§s inr.::ceaséaut si de

observer to differ fromthe conventi ona i gital: funing -20- nethod only

in that the settaRg fibhlly NUADvESt JoRCERBILE rabBUad judthdnt ok e invention

enabl es rate adjustnent % a tinmepiece to be effected easily and sinply to

an extrene degr eeifdpipeeCicS bénefflatddeBaillye ahy dlﬂﬁl}@&ﬁeéxmextﬁ@ec tuning 5

nmet hods comonly enpl oyed hitherto. The invention.is thus very advantageous

conmmerci al ly, noaegmsbft;meamsmmﬁnamﬁiﬁml b3 {theOgerkhEricgat atnsfgVvi ce it
21

provi des for tinmepiece retailers. -
5 methods commonly employed h:.therto. The invention is thus very
advantageous commercially, not least because of the facility

for after-sales service it provide's'_' for timepiece i:etailers.



CLAI MS1. An electronic timepiece conprising frequencydividing nmeans
.for producing a reference signal determning the resolution of rate

adjustnent; rate adjusting step width determi ning neans for deternini
rate adjusting width 5 achi eved by one step of adjustnent; rate
adj usting anount determ ning nmeans for determning the rate adjusting
anounts.-and control neans for controlling the tinme ratio of commection of a

frequency adjusting reactance elenment in a tj , egz0-electric
oscillator of the tinepiece. 1021 - 2. AHm’Em“mﬂ ﬂlﬂ“ﬁpl ece
including a tinme-standard piezo-electric crystalccscial ascrsthe frequency
of which is variable to effect time-keeping rate adjustnent by sw tch neans
switching reactance in and out of the oscillator circuit; frequency
dividing neans for dividing Ede®BEMS oscillator output frequency to
produce tinme standard signals for determning the resolution of rate

adj ustnent; rate adjustnent step width determ ning neans for determ ning

the rate adjustnent step. wi.dth (amount of adjustnent ste required to
~accord wit hJ t heméét erti Eﬁftfﬁmc( tim?-‘-’3§8? WB%?Si‘ﬁga{lEqﬁﬁcg)&ﬁg%ﬂ’gamunt
determ ni ng - 22 - XC L. M S * means .for_determ ning the
required rate adjmﬁéxt’sl ﬁfaraPrfSﬁH‘fmlgnaarc?ggf?ﬂfﬁcgl%atlhg?%eém%’é’tng g%’]ust ment step

wi dth; and resolution of rate adjustment; rate adjusting step width

determining means for 'determining the rate adjusting width
5 achieved by one step of édjustment; rate adjusting amount
N\, determining means for determining the rate adjusting amount;
and control means for controlling the time ratio of connection
of a frequency adjusting reactance element 11:1 a time
standard piezo-electric oscillator of the timepiece.

10 2. An electronic timepiece including a time-standard
piezo-electric crystal cscillator the frequency of which is
variable to effect time-keeping rate adjustment by switch
means switching reactance in and out of the oscillator
circuit; frequency dividing means for dividing the

15 oscillator output frequency to produﬁe time standard
signals for determining the resolution of rate adjustment;
rate adjustmwent step width determining means for
determining the rate adjustﬁent step ‘width (amount of
adjustment step) reguired to accord with the determined

20 resolution; rate adjustment amount determining



control neans controlling the operation of the swi tching neans under the
cont—rol of tinme standard signals and 5 output signals fromsaid rate

t amount determ ni ng neans, the wheke—&w*geﬂﬁ%—ml ng such that,
five of the actual val ue Wlthl narel atlveln ﬁmange of possible

val tves—gf the reactance switched in and ou rate adj ust ent
per step of adjustnent renmatrd® substanti al t at a knowke
predet erm ned sel ected val ue. 3. Ati rrepl ece a,s ¢l ai ned inclaiml or 2
wherein a synchronising frequency [err] is appli®ed to the rate adjustnent
step width deternining neans, the rate ampunt de}ernining means and to the
control neans; saask lfaieiad#mﬁsﬁrrgrﬁ&fmi\medtfat%ad;usdmgaram:mmg means has
a further input consisting of a frequency difference which depends on the
actual val ue of inhscorjmmret witde thaviriatd culijuatment step smdth;urnder i nput
termnals for receiving signals for determning the total adjustnment w dth
and provi des ourputrodi geamsscantredlidar bhe opefarioneed the switchimmint

det erm ni ng neans; the |ast-nentioned neans supplies its output (F4P) to
the control neaReakshdfeEs therontrol AfUEimecE 4. gignate@@Ayi ng signal s for
determ ning the nunber of steps of adjust rrent requi red: and the control

nmeans i s consti PH‘E@H’ Bhongds ofrom s34 EaEﬁMafléPFt(‘PGﬂPr?ﬂ%ﬁ %é’f‘%"d’b‘narﬁ“s'

T or 2 wher oi n_Sht FBRIEETREBR0E 2455 75 Pt ERSPPEREED Hevi ding | |

means actual value within a relatively ‘wide range of possible values
of the reactance switched in and out, the amount of rate
adjustment p_ér step of adjustment remains substantially

10 constant at a known predeﬁemined s’elec{:ed value.
3. . A timepiece as claimed in claim 1 c.;r 2 wherein a
synchronising frequency (Fl)' is applied to the rate adjustment
step width determining means, the rai;e amount determining means
and to the control meazs; said rate adjustment step width

15 determining means has 2 further input consisting of a
frequency differénce which deéen’ds on. thé actual value
of the capacitance switched in and out and further input terminals
for receiving signals for determining the total adjustment \./
width and provides output signals to said rate adjustment

20 amount determining means; the last'-mentio'n.ed means supplies its
output (F 4P) to the control means and has further input terminals
for receiving signals for determining the number of Steps of

adjustment required; and the control means is consﬁituted by an

electronic switch controlled thereby and effecting the switching.



to the rate adjustnent step with determ ning nmeans and to the rate

adj ust nent anount determ ning neans; a further 5 | nput frequency
(F7) is applied as an input to the rate adjustnment step with determ ni pg~Q
means and to the control neans, the former of these two meanms recei vi ng\2>

control\input [err] froma mcro-processor a el tput to the -
rate adff’ust ment anount determnini D {yreans whi amlmﬁﬂ"iﬁﬂ,lgnmt a control
i nput (P) fromsaid m cro-processor; and the conter Ol 0 receives
the output fromsaid rate adjustnent amount determ ni ng neans, a frequency
fromthe frequency dividing neans and provides an output [err] controlling
an electron swteh sw tghiifigpidte acathmReeid Tlaim 1 ori 2 vABfeidlh. 5.

El ectronic tinepieces having rate adjustnment means operating substantially

as herein descri beshuanth (Fed etcapelied Fogutles frequency, dividiml Beards t he

acconpanyi ng draw ngs. 6. An el ectronic timepiece substantially as
herei n 20 tolasher rigwd ady tdtmentf etemodth ddteguirdng mefans hapdacconpanyi ng
drawi ngs. 7. An el ectronic timepiece substantially as herein described

wi th reference t&c ihgurate7 agjustpentycoowradgterpioingvmagns: a fuxrghexr An
el ectronic tinmepiece as clained in claim6 and having rate adjusting
circuit r§/ subst affRYt [Eyequency (F7) is applied as an input to the rate

adjustment ‘step with determining means and to the control means,
the former of these two means receiving a control input
() from a micro-processor and providing an output to the
rate adjustment amount determining means which receives
10 a control input (P) from said micro-processor; and the
control means also rece..es the output from said rate
adjustment amount determining means, a frequency
from the frequency dividing means and provides an output
(Fa-) controlling an electroz switch switching the reactance
15 in and out.
5. EBlectronic timepieces having rate adjustment means
operating substantially as herein described with reference
L to Figures 1, 4, 5, 6 and 7 of the accompanying drawings.
6. An electronic timepiece substantially as herein
20 described with reference to Figure 1 of the accompanying
drawings.
7. aAn electronic timepiece substantially as herein
described with reference to Figure 7 of the accompanying

drawings.



as her ei n described with reference to Figure 5 of the acconpanying
5 9. An el ectronic tinmepiece as clained in any of the

‘ clains and including al so known neans for, dlgltally varying the
/ratio of the frequency dividing neans, 10, In an el ectronic
tlneplece including a quartz 10 crysedl osciTFator operating as a tine

standard and a capacitor for changing the fre rom f
said.quartz crystal oscillator, said capaci toimmnmjmaﬂﬂﬂm[to sai d
oscillator through internediary of a switching fieagnst and §he cl osi ng and
opening of said 15 swi t chi ng neans effectlng the pace adjustnent of

said electronic tingpiec rovenment, conpri di.vi der neans for

di vi di ng the out pu{r%of sghda%%% < ? Piecy F?%ﬁngf’ %h(‘flﬁ?"bd"uci ng the
standard signals deigsHaaiig g ££%9LEE | Q8- Qfi kDo BacsAdipstrent s 25 a
pace adjusting. step w term ni'ng erm ni ng -t he necessary

pace adjusting w dt Bsofe-R08 sCPiALREM '}Qféx%néé'ﬂa %@éﬂe“%'@f"thé pace

adj usti ng anmount determ ning neans for determning 5 the required
pace adjusting anbuatccipaayiidariwingsl d pace adjusting step width; a

controller circuit for controlling the ratio of
5 9. An electronic timepiece as claimed in any of
the preceding claims and including eiso known means for
digitally varying the division-fatid.of the frequency
dividiné meens. |
10. In an'electronic timepiece iﬁcluding a quartz
10 crystal oscillator operating as a ti@e standard and
a capacitor for changing the freénency delivered from
said .quartz crystal oscillator, said capacitor being
connectee to said oscillator threugh.intermediary of a
switching means, and the closing and opening of said
15 switching means effecting the pace adjustment of said
electronic timepiece, an improvement comprising:
a divider means for dividing the_output of said quartz
' crystal oscillator and producing the standard signals U

determining the resolution of the paee adjustment;



the cl osing and opening of said sw tching neans according to said standard

‘signals and the output of said pace 10 adj usti ng anount determ ni
" nmeans; and the pace adj ustnent belng real i zed—based upon the output of {

controller

NS

circuit.

10

O

a pace adjusting step width determining means
for determining the nécessary pace adjusting width of one
step according to said resolution;

a pace adjusting amount determining means for determining
the required pace adjusting amount according to said
pace adjusting step width;

a controller circuit for controlling the ratio of
the closing and opening of said switching means according
to said standard signals and the éutput of said pace
adjusting amount determining means; and the pace adjustment
being realized based upon the output of said controller

circuit.




