-1-; 2199218 ELECTRONI C TI MEPI ECE This invention relates to-

el ectroni¢c timepieces. Electronic timepieces with a, tenperature oy,
conpensation facility are suggested in U S. Patent Specification No. ‘
3719838 and publi shed Japanese Patent Application Nos. 56-19482 and :
58-223778. 5 U S. Patent Specification No. 3719838 pPdvBd:B {8

met hod wherein data for conpensating fénperature characteristics of  a
guartz crystal oscillator corresponding to a given tenperature are directly
witten in to a programmabl e ROM Published Japanese Patent Applicat on No.
56-19482 di scl oses a net hod tegﬁﬁgaiéje conpensation 10 data
previodgly witten in to a uggrrezvvm EP R ess i s desi gnated by the
output conditions of a divider circuit is read out when the nunber of

out put pul ses -of a tenperature sensing oscillator circuit reachesa nunber

deternined by a diybdl i, LaLl8 Belbll0rd 8305 - FUE ! NiGlops QUMY Shed Japanese

Pat ent Application prOV| es a tenp ure conpensating

circuit which adj U?iéc&BnPé'ttHHEpPJceé%ﬂxP 9%&5@&:@05 Ifsab 8n &%Qf'ﬂ%“g

the tenperature va and suggests a ereln tenperature .

compensat i Ng,fatR RG0S |y, sW pidenip éﬁgc‘lfi‘cé’@i%ﬁ 15553\'3'7§953%3Qn&’%b§!¥sﬁé&e

out put of the tenperature conpensating circuit above have

the fol I owi ng, %Oniagvﬂtreﬁgeﬁpphmiimnt s MBSk ed §£é %%e§|23ﬂaU S Pat ent
Speci fication 3719838 it is possible directly to wite tenperature

conpensatd ng data we.clhatend eppoiEiTat ford 6. HMOB34 YHICLAdS 2Cméttiod Hérein
programmabl e ROM Thus, even -2-

k\/. data for compensating temperature characte*.xstlcs of a gquartz crystal

oscillator corresponding to a given temperature are directly written
in to a programmable ROM. Published Japanese Patent Application
No. 56-19482 discloses a method wherein temperature compensationl

10 data previously written in to a mask_ ROM_ whose address is designated
by the eutput conditions of a divider circuit is..re_ad out when the
number of output pulses of a temperatu;e sensing osciilator circuit
reaches a number determined by a dividing ratio setting means.

Further, published Japanese fate_nt Applicatien No. 58-223778

15 provides a ten_:pe:_:ature compens_ating circuit which adjusts an output
of an A/D converter circuit for producing the temperature value,
and suggests a method wherein temperature compensating data previously
written into a mask ROM i_s read out by the- outpu‘; of the_ temperature
compensating circuit.

20 ‘The above have the following disadvantages. With the method
_disclosed in U.S. Patent Specification No. 3719838 it is possible
directly to write tempe_rature compensating data which corresponds

to the given temperature into the programmable ROM. Thus, even

(%)
n



fiowgh the secondary tenperature coefficient and the peak tenperature of.
fig fuartz crystal oscillator circuit may vary, it is possible to adjust
AMto the given tenperature of each tinepiece. It is, therefore, an ideal
t enper at ure conpensati ng net hod. However, 5 the size of a non-volatile
menory circuit such as an MNCS transistor nenory circuit or FAMOS
transistor nenory circuit is three to four tines the size of a MOS
transistor menory circuit such as a mask ROM Therefore, in the case of an

el ectroni c t i RRRHCERe \WARSRaAY HRhodrRtBrd Too s FRARNE Sard IndiRAR CERER
capacity of tﬁ%ﬂjaavl S requ%?g P |IF-1 K—° ftﬁ%(r%l tsarﬁtnh}é Si ze of a%yﬁuéechl p

becomes extrgpaine hadde seyddaat ogéuqaa&otczbeuﬁsﬁd Ithg S SEvedEhpber e
space is limted. In the nethod according to publish Japanese Pat ent

Application dpsaa;abt k¥eR2tattheSGivien (dfperbBEFE JESedéh RinkYiREL! edar ding the
size of nenory chips since mask ROVs are used. However, both nethods 15
provi de nmeanssj ahetéfdre! i &y ideadf faaperatirentonPenb iy MEthdde piwatek,e, but
do not provide neans for adjusting the rate of change of tenperature (i.e
i ncl i nat ison) thdlsige of ai soposdabtlle memax)j vstcuiar sadh @8 am Mnbe tpankistor
tenperature of a-.quartz crystal oscillator circuit, but not possible to
adj ust the vaenayi chrduittdme FANOD Mdanyid®r memmyeritanies toahkeeitonfourso t hat
the nore the coefficient departs fromthe peak tenperature, the nore the
rate of adj utimasnthe¢ Fize oH aaYPectranhbstoironemoryncrabdt sushobs  mask hi gh
degree of accurac . an annual rate of 5 seconds, a special quartz
crystal vi brB®r &P?Wfarﬁarlﬂ &he gas¢ %Mnﬁmegl%ééﬁm vhapscrrnuale

coefficient 25 is required and this results in a hlgh manuf act uri ng cost
- 3- rate is 5 seconds and whose memory capacity of the ROM is required K.)

1Q in K-bit units, the size of an Ic chip becomes extrémély large
| so that it cannot pe uséd'in a wristwatch where space is limited.
In'tﬁe method according to published Japanese Patent Application
Nos. 56-19482 and 58-223778, there is no problem regarding the
size of memory chips since mask ROMs are used. However, both methods
15. provide ﬁéans for adjusting an offset ambuni of the given temperature,_
but do not provide means for adjusting the rate of change of
temperature (i.e. inclination). Thus, it is possible to adjust
variatioh ip the peak temperature of a guartz érystal oscillator
circuit, but not poésiblé to adjust the variation in the secondary
20 temﬁeraturé coefficient, so that the more the coefficient departs
from the peak temperature, the more the r;te of adjustment fails
to agree. Therefore, in order to obtain a high degtee of accutécy,
e.g. an annual rate of 5 seconds, a speciai’quartz CIyStal vibrator
with é particularly advantageous secondary temperature coefficient

25 is required and this results in a high manufacturing cost.



The present invention seeks to provide an electronic tinmepiece wth a f a
t enperature conpensation.facility wherein, no matter how varied the -
secondary tenperature coefficient and peak tenperature of the quartz :
crystal oscillator circuit, they can be adjusted 5 respectively to the rat
tenperature characteristic of each electronic tinepiece, wthout using a
PROM whi ch requires a large-sized |IC chip. Further, the present invention
seeks to provide didBrédint 2NdhtibN EBRENS Bhotd &) ah GQLMEIMAR w?egﬁaeeeve an
el ectronic tinmepiece of high precision with“an annual rate of a féw
seconds. 10 with a tRGEESF{uPE ddpbhSatlonSEdtilh By SlkOih,! B8 fatksr AV ded, an
el ectrssi c tinepiece conprising a rate conpensation data generating neans;
a first conpeasdéd theBetionahey ted ati (e £leDeidrt Endbebb & elbEFdthRBi C

ti mepi ece by controlling an oscillator circuit in accordance with a |ower M
bits of rate cfotpeuattORrgstal bocilprbe! clrediby theg danl Be GARSHEAL i on dat a
generati ng neans; a second conpensating neans for conpensating the rate of

t he el ect 8onirespectEpety achyhe naite Otdnpegaturd ¢hakucteristictof Raek clledtrmec

wi th the remaining upper bits of the rate conpensation data; and neans .for
setting m ni rimepiEveensithooh weing afPROMewliichstequumpe res Abrgersifed ICeans to 1
of the m ni mum conpensati on data of the second conpensating neans.. 25

-4- The el ectchdni c Fuktlsgyi,cethe mypsent lindentiompeeeksute proyidd tduearagei ng
means for producing a tenperature signal representative of tenperature and
t enper at ur e Fgnstingomeanst PP ivbaresdykien $ongchieve an electronic timepiece

of high precision with an annual rate of a few seconds.

~ 10 According to the present invention there is provided, an.
electronic timepiece comprising a rate compensation data generating
means; a first compensating means for compensating the rate of
the electronic timepiece by controlling an oscillator circuit
in accordance with a lower M bits of rate compensation data

15 generated by the rate compensation data generating means; a second
compensating means for compensating the rate of the electronic
timepiece by controlling a divider circuit in éccordance with
the remaining upper bits of the rate compensation data; and means
for setting minimum compensation data of the first compensating

20 means to 1/2M of the minimum compensation data of the second

compensating means.

25



rature signal and an inclination adjusting neans for .adjusting the

@fset adj usting neans for adjusting an offset anount of said 5
it

nation of said tenmperature signal. 10 The rate conpensation -data
generating neans may include a mask ROM The invention is illustrated,
nmerely by way of exanple, in the accomganyi ng draw ngs, in which:- 5
Figure 1 is a block diagramof an enbodi nent of an electronic tinmepiece
according to the present invention; Figure 2 is a tim.ng chart of output
signals of a control signal generating circuit of the electronic tinepiece
of Figure 1; Fi §ﬁ?ee]§°Fg° CcFRaPAECR)imayr ARFidde gtempepatukeuFEgRdner at i ng .10
circuit, a tenperature convertiqrégﬁgi rcuit and a tenperature characteri &id c

conpensat i oFFFALEI B MEPRT 159 RAGUGHRS Gf LEPRETALRER SOAPRL FPREISELAtHYE Fi gure
1, Figure 4 é'%ga c]ir rt%uit (y @g[?arp gf a datalsel ecti,ng circuit of the

el ectronic T1 MEprece of HuF@Pqratyss signal copyerhlndsnqans campriging di agr am
f ont o e Ceeui t RS o agrs

of tho o coth SEERELIBLORAChEE BolDGLIfiAG o8 Veelet it indleqfe 0 LT

quartz %ryséé?:lpe?:éfﬁel @ $a1C b Wt 100116185 6) %g\[‘&}iﬁg e dIEPESE Galhsdigure L

I gure 7 I's a circuitt dragram ogrc tuning-crrcdit and
a 1/32 di viges s6e] tdtioRlof BR1fltembd A tdilFRRY £Ce Of Figure 1. Figure 1 is

a bl ock diagram of an enbodi ment- of an el ectronic

10



ti mepi ece according to the present invention. A quartz crystal oscillator ffkq
circuit 1 has a secondary tenperature characteristic. 25 A di vi der “=*f7
circuit 2 conprises a 1/32 divider circuit 20 which divides a signal [errf

of 32768Hz fromthe oscillator circuit 1 into a signal -6- [err] of

1024Hz, a 1/1024 divider circuit 21 m@égh divides the signal [err] into a
signal [err]of 1Hz, a 1/10 divider cirTuit 22 which divides the signa

[err] into a signal 1/10 of 1/10Hz and a 1/8 divider circuit 23 which
di vides the signal 1/10 into a signal [er]/80 of 1/80Hz. 5 A driving

circuit 3 shapes thenal et NadioRgs i e FoAioying @ Lhg notor
includé® in a display nechani sm 4. 1%&2&%83%%5%19%%%%8%%2% %J(i: %gsga
st epper notor,pa&xdgads. train, a seconds hand, a minutes hand and an hours

hand. A control signal generating circuit 5 conbines signals of various

frequenci es shaped #¥e tikGedQon £ i1d8Et1Gite8 Viderd1 P W4 G#CEZanA8]
signal S to [err] illustrated by the timng chart of Figure 2. A

tenperature geny akidgbabiyisgidkabinbet ok shibie: L enperature of the el ectronic

timepi ece and delivers a plurality of pulses as tenperature data N. A

tenperature convertFighrel I G b Flxknpiigian &f anfl émeidinehtlsEi &g elettttnic70

for converting 15 the pul ses of tenperature ,data N delivered fromthe

t enper at ur e getrigrepiers accoxiing €o tthet aesleot Mnykentidn; NTI and an inclination

adjusting circuit 71 for multiplying IN - NTl by 128/K2 as will be

expl ai ned i n great eFigiwea? |isher biafingr chars o£mpépet wignzlrapica eontiol

conpensation data generating circuit.- 8 outputs 9 bits of tenperature 20

characteristi @@ﬁgmﬁwgdméeu@ne{ dihe] elgtzanicotineniendscf Figure 1;

tenperature converting value n = [err]_ outputted from

_ Figure 3 is a circuit diagram of a temperature generating

10 circuit, a temperature converting.circuit and a temperature
characteristic compensation data generating circuit of the electronic
timepiece of Figure 1;

?igure 4 is a circuit diagram of a data seleéting circuit
' of the electronic timepiece of Figure 1;

15 Figure 5 is a circuit diagram of é minimum compensatioﬁ
determining circuit and 2 time dividing circuit of the electronic
timepiece of Figure 1;

Figure 6 is a circuit diagram of a quartz crystal oscillator
circuit of the electronic timepiece of Figure 1; and

20 _ Figure 7 is a circuit diagram'of a .logic tuning circuit and
a 1/32'divider circuit of the electronic timepiece of Figure 1.

' Figure l.is'a block diagram of an embodiment of an electronic
timepieée according to the present invention. a quartz crystal
oscillator circuit 1 has a secondary temperature characteristic.

25 A dividér circuit 2 compiiéés a'1/32 divider circuit 20 which divides

a signal.¢32x of 327€BEz from the oscillator circuit 1 into a signal



o) enperature converting circuit 7. A peak rate conpensating menory
2uit 9 nmenorizes 10 bits of conpensating data [err],for. setti'ng a rate

e
of ‘b sec/day (in equation (1)) at the peak tenperature 25 to zero. The

peak rate conpensating nmenory circuit 9 conprising a factory conpensati ng
nmenory circuit 90 which can be preset i#%- the factory where the
el ectronic tinepiece is manufactured and an after-sal es service
conpensating memory circuit. 91 which can be adjusted during after-sales
service. A data selecting circuit 10 selects data designated by a.control
signal from®HoR§ 10%éEEenpd/A024 dividerachteuiti 81 whishn@iridesi the dagnal peak
rate conpensating data fromthe factory 'corg;gsati ng menory circuit 90iahd
peak rate cohi¥edBER ihgienalactroifRe aflydP dander sdrgnte @oﬁ%éﬁﬁ@s _
menory circuit 91. A ninjmum conpensajion defermning circuit 11 determ nes
a .mi ni. mum co’fﬁfeﬁéﬁ’f?]owi AHR@ #aral 1400 Vil8Ba and; Fc’uﬁf diyiqes Frtr?“t"-lh e
10 dividin [ | Pc.for conpensatj.ng the osci]lation frequency of the
quart z crys?%aswgg%? I‘{l)?ﬂ'% s ﬁ?%gpa Mﬁsﬂﬁ" Fh%loq"@\he 1@%??5”&&&0 bit
data del i ver ftromthe dat el ectj.n [rcuit 10.. Alogic tuning circuit
13 adj usPs t‘ﬁgré‘é%nég Eﬁrﬁualitagcfs}ha&eﬁréq efgtﬁ%ﬁ;Pﬁglﬂ.‘S dg}%f’ﬁe&:(’,’gz%uit 20
as determn ' 15. a_delivere m t.he.dat a
sel ecting c?éjcs%lgf{’% Hﬁg‘%reg\%?‘-,ﬁet%hgﬁ fga?f'%éj@atyc%'ﬁ%‘eaﬁ\ég?iﬂ'g %gﬁoérjfpéﬁ cuit 90
i s adj ust ed Jh0R: Gn BREM t - S.,S e g“magory
circuit 91 is agﬁg t%{ ed byﬁ?gtstél]%é:g%ﬁ% Pls%ze'pgt ?éeérgn%g?&g'”% g%%%ntdgb OCR. \When
the quartz ¢f wShéte)n8hd | HiO0kn Houthidand. | Sa RBht AOTRESSA Gdnestingt hE rate y
wWith respect to tenperature is given by: 2 . ' \J
. circuit 5 combines signals qf various frequencies shaped by the

10 divider circuit 2 and produces control signal S. to S illustrate_cl

0 10
by the timing chart_ of Figure 2. A temperature generating circuit
6 detects the temperature of the electronic timepiecé and delivers
a plurality of pulses as tegperature data N. A temperature converting
circuit 7 comprises an offset adjusting circuit 70 for converting

15 the pulses of temperature data N delivgred from the tempe¥ature
generating circuit 6 to the fo;m of IN -_NT' aqd an inclination
adjusting circuit 71 for multiplying N - Nf[ by 128/1(2 as will
beiexplained in greater detai; hereafter. A temperature cﬁaracteristic ;

compensation data generating circuit 8 outputs 9 bits of temperature

. a
20 - characteristic compensating data, Dn= ?g,nz which corresponds
to a temperature converting value n = (1_12<_8_ in NT| outputted from
2

the temperature converting circuit 7. A peak rate compensating

memory circuit 9 memorizes 10 bits of .comp_ensating.data [—%] for

setting a rate of b sec/day (in eguation (1)) at the peak ts@perature
25 to zero. The peak rate compenséting memory circuit ¢ comprising

a factcry compensating memory circuit 90 which can be preset in



[err] T wherein a is the secondary tenperature coefficient and [err] is &
the T peak tenperature and b is the rate of the peak tenperature. The -
nunber of pul ses of tenperature data N delivered fromthe 35 t enperature @
generating circuit 6 approximtes with respect to tenperature to: [err]

(2) wherein Ais a constant representing-inclination and B is a constant
representing the tenperature value at [err]. 5 From equation (2)

the followi ng equation is derived: N - B (2

A Further, assum ng that tenperature data N at the peak tenperature [err]

Is [err]. the ftel Savtoyyevhexiel tie iedectronincimepbecrd is manufactured and

(2)"" k-7 Substituting equations (2)' and (2)" into equation (1), it is

found t hat whem eftenrsaltes seryitenl cospeEnshting mengnyurircuits@hohichnga@nsat ed,
the rate y approximates with respect to the tenperature data N according to
the follow ng kegedivstrd quning aABerpsadesi sexvices H Aata sedeftingdcirquit
equation (3) that in order to obtain a flat tenperature characteristic of

the quartz cryét 8plesssi fat dpsignated tbyla edrod|sigral fxem amangekhg (Femperatare

N obt ai ned by the tenperature _
5 characteristic compensating data, peak rate compensating data from

the factory compensating memory circuit 90 and peak rate compansating
data from the after-sales service compensating memory circuit 91.
A minimum compensation determining circuit 11 determines a minimum
compensation ¢ sec/déy. A time dividing circuit 12 forms a time
10 dividing signal Pc for compensating the oscillation f;equepcy of
the quartz crystal oscillator circuit 1 by using the iowér 5 bits
of 10 bit data delivered from the data selecting circuit 10. A
logic tuning circuit 13 adjusts the rate by advancing or retarding
the 1/32 divider circuit 20 as determined by the upper 5 bits of
15 data delivered from the data selecting circuit 10.
Moreover, the factory compensating memory circuit 90 is adjusted
using a PROM and the after-sales service compensating memory circuit
91 is adjusted by cutting a wiring pattern of a circuit block.
When the quartz crystal oscillator circui; 1 is not compensated,
20 the rate y with respect to témperatu:e is.given by:
y=-a-+ (6 - BT)2 + b (sec/day) . (1
wherein a is the secondary temperature coefficient and eT is the
peak temperature and b is the rate of the peak teﬁperature.
The number of pulses of tempe¥ature data N delivered from the

25 temperature generating circuit 6_approximates with respect to



ge m ng cirucit 6 should be conpensated by (a' (N - NT) ) sec/day 20 in
th‘ction of advance. Therefore, in order to conpensate (-a' .(N - NT) )
sec/ @ay by neans of the m ni mum conpensation ¢ sec/day, the nunber of steps
Y iss obtai ned by the follow ng equation: [err] - (4)
wherein [err] indicates an integral mBrber. 25 on receipt. of the
tenperature converting value n, the tenperature -9- conpensating data

generating circuit 8 outputs the tenperature characteristic conpensating
data Dn represented by the follow ng equation: [err]

(5) 5 teppexptyEe ¥ generate the tenperature characteristic -
"conpensating data Dn equival ent to the nunber of steps Y to be conpensafed
t hrough the tenpefafufe % ®aracteristic conpensating déf)a generating circuit
8, the tenperature converting value n %i ven by the follow ng equation is
produced by HEFtihPetfitdicOnEAFeFEPTRFeR{RA Ac ination and B is & constant
(6). [err] Eerein, since.a i t val u§°of ais in the range between

/A, h
0. 0025 and O.IGB%S%ﬂn?h@eVE%’E%&SF“W i‘?ﬁ“ﬁ h® G-ange between 10 and 20.
Thus, it foll that th | Lo j th . :
Petomen [5rr] O\ Wik, feeciBn 18 ehe For1Sel G180 Berivedy (1o val ue of

I n equation (6) i S _nNthe range between 0 (2)"
— _

Further, assuming that temperature data N at the peak temperature

6 is NT, the following equation is obtained: . .
¥ | /
GT=NT—B_ - 2)** .

A
m Substituting equat_:i_.oﬁs (2)* and (2)'' into equation (1), it is
found that when the guartz crystal oscillator circuit 1 is not
compensated, the ﬁate y approximates with respect to the temperature
data N according to the following equation:
y=-a' « (N - NT)2 + b (sec/day) 3) ..
15 “herein a' is a/Az. '

It is found from equation (3) that in order to obtain a flat
temperature characteristic of the quartz crystal oscillator circuit
1, the value of the temperature data N obtained by the temperature | ~
generating cirucit 6 should be compensated by a'-(N - NT) 2) sec/day

20 in the direction of advance. Therefore, 'in order to compensate

(a' «{N - NT) 2) sec/day by means of the minimum compensation c sec/day,
the number of steps Y is obtained by the following equation:
_ a' ) . ' 2 . .
Y= p (N NT) (4)
wherein ( )’indicates an integral number.

25 On receipt of the témpei‘ature a:nverting value n, the temperature

S e gt e g S ST e et et + 4Lk e @b e e e ema i e+ e < 5 e



0.4226 and 1. It is difficult to arrange a circuit configuration whereby-a .
val ue of 0.4226 to 1is-nultiplied by [err]Thus, the value is nmultiplied by
= ,S0 that K2 is in the range [err] between 128 and 303 (rounded up or
down to the nearest whole nunber 20 - in the conventional manner as
appropriate). Cbtaining the terrperatgé_e data N fromthe tenperature
generating circuit 6, the tenperature tTonverting circuit 7 perforns
operation of n = [err] and delivers the result to the tenperature
characteristic conpensating data generating circuit e when the tenperature
data N{i s obtgined 25, ] e e ' ' ' Ther eby,
the tenperature - ?’0’19 Ehg?%?‘ gf%tgﬁcé%%gnggg ?%‘Ségdggiq[%‘i’gﬁ%ﬁu%l ent to

the number of c5l,80RS e e PEGRRBENGA! 8k s WA £lbrleSeMUPbPG e EQTRRIHG! | ON

(4), is outpufted fromtihe tenperature characteristic conpensation data

generating ci ggilitlic8: 5 Ref erence is now made to Figure 3, where an
exanpl e of the circuit g@rrandgnment and circuit connection of each of the
t enper at ure gener aphng cPr 6, the tenperature convegdyng circuit 7 and
the tenperature charactefistikA conpensation data generating circuit 8 are
shown. 10s TheoddRiPEs Aeté£at@e BRé AlemPardtivké WdHarGcEiBELS @onBensating

tenperature sénsing oscillator circuit 601 and an AND gate 602. The

t enper at ure séams DY eadivhleénitortoctie nivhbdx) df ogEpat ¥ tcObé Yeanipensdted timgnl
signal Sl inputted to a terminal 604 is "S" level, and the oscillation
frequency f appr ¢erpetadsraidhareespastit conpepatahg datangeeretigncircuit

i\; 8, the temperatpre conﬁerting value n given by the folldwing equation
is produced by the temperature converting circuit 7:
10 _nf.\(aio_:-.ln-ﬁ,r,) | | | (6.
Eerein, since a' is a/Az, the value of a is in the range
betweer. 0.0025 and 0.0035 and the §a1ue of A is in the range between
;0 anéd 20. Thus, it follows that the value of a' is in the'range
betweex 0.0025/202 and'0.0035/102. When the maximum value 0.0035/102
15 is aép
0.422¢ and 1. It is difficult to arrange a circuit configuration

the value of [27 in equation.(G) is in.the range between
¢]

whereby a value of 0.4226 to 1 is-multiplied by ‘N - NT" Thus,
a . lzg, so that is in the range
ab _ _ K2

the value is multiplied by
betweer. 128 and 303 (rounded up or down to the nearest whole numberxr

20 in the conventional mannér as appropfiate). Obtaining the temperature
data N from the temperaturé generating ciréuit 6, the temperature
convgfting circuit 7 perform; operation of n = 1%5 in - Mfa and
deiivers the result £o thé'temperature characteristic compensating

data generating circuit € when the temperature data N is obtained

25 from tre temperature generating circuit 6. Thereby, the temperature



with the follow ng equation: f = A'e + B
where A' and B' are constants. The gate 602 passes an. output pul se of

\the t enperature sensing oscillator circuit 601 only when the control- si gnal
'ferr] inputted to a termnal 603 is "H. level. The 20 nunber of pul ses

passed through the AND gate 602 is gl@gn by equatlon (2) above and _
represents the tenperature data. In view of the variation of A" in equation
(7), the width of the control signal Sis set so that the value of Ain

. | an
Sl Lo, { Aknbacdteetbblc Lhatkidaltng AL P SIRAYCHP NG chlohy e‘ﬁirtﬁ’] Fs 0 25
sec. An gbfisety adi b tbRBefdat 681 tunfln M B{?afrs%&\f%&“lggaéﬂt s

t enperat ure convertlng circuit 7, COHDYISGS a or nenDrltlng an

11-bit of f sgk alipustedEréal b lélmp&al%?éPéhkébé&ﬂgff@%&séns%%onadlat'anveftef
703 and exclusive OR gates (hereinafter referred as EX-OR gates) 704

to 713. Theensddtenefcirtaiofd.set adjusting 10 -val ue [err] is witten into
the PROM 701 and this value is inputted to the presettabl e up-counter 702

at the mpnent wheeférenceops maw sadab PnhARPE] Gthekd® £h eRampiRabs &tk becones
" H' level. The presettable up-counter 702 counts the pul.ses passed by the
10 10  ANDecgatw t6@2raxigement hedved xemiof conhecttonNof éathpoetie tedptatuidie T
val ue represented by output termnals Q to Q of the presettable _
generating circuit 6, the temperature converting circuit 7 and
the temperature cﬁaracteristic compensation data generating circuit
8 are shown. ' | ' \-J
10 The temperature generating circuit 6 comprlses a temperature
sensing osczllator circuit 601 and an AND gate 602 The temperature
sensing oscillator circuit 601 operates only when the control signal
81 inputted to a terminal 604 is "B" level, and the oscillation
frequency f approximates with respect to temperature in accordance
15 with the following equation:
£=2'0+ B ' (7).

where A' and B' are.constants. The gate 602 passes an output pulse

C

of the_temperature sensing oscillator circuit 601 only when the
control siénal 52 inputted to a terminal 603 is "H" level. The

20 number of pu;ses passed through the AND gate 602 is given by equation
(2) abore and repreeehts the temperature'data. In view of the
variation of A' in equation (7), the width of the control sighal
S2 is set so that the value of A in equation (2) is greater tﬁan
10. In this embodlment, the value of A' is greater than 40, so

25 that the width of the control signal s2 is 0.25 sec.



up-'counter 702 after the count of pulses of the tenperature data 10 N
becones 12 - N+ N . The value of 10-bit data represented T by outputs
of the EX-OR gates 704 to 713 is the inverted value 15 of the outputs at
termnals Q to Q when an output at the termnal QL1 of the presettable
up-counter 702 is "L" level. Wile, when the output of the terminal Q is
"H' level, the value of 10-bit data becohEs the val ue represented by the
outputs at the termnals Q to[ERR] Therefore, the value represented by

t he out puts of 10 10 20 the EX-OR gates 704 to 713 becones
[err].:An inclinatign | Ustin Lrcuit 71, LCHL T S_ T.0¢ g%d e

t enper &ur e convertﬁ“naégélelr{c%ﬁ&f?n%ocr%ﬁf'}ns‘égoy]'gf%ge?? ar}'I%EéH O\Aﬁbn%%é]unt er

714, a RS flip- Lrcyl : L, a Sianaledol PHETLLT 2

gate 716, AND SEpEEREh' GHkeddiy LUERLD 2 SbrsE"E oo MR o8l
Menori zi ng 9- Rint 11 Roki fAidRNaRflisUshd RAINEIKE [ SYdckerarfi@! A5 baRES: GBbECE OF
circuit 721, la&h OR gat e?"kffz andsan.dup-countier %3. © -1.2?&[C0unters 719, 723
are reset t0 2@ OndirebPe;030Bhd UxcshsitRl oPGaked (HerdidfitlkNAdreteda thhe val ue
[err] represented by the outputs of the EX-OR gates 704 to 713 is inputted
to the preset @bk oROYRe&HUNDL o’ 1635 TRE vallSe BHTRAEL oFeBt tdd3useitig Ol

signal S Inputted to a t%rm nal 3 725 becones "H' level. An output of the
R-S fli pjf|(ﬂ3v%15eiﬂi gFﬂ2l - NT] is written into the PROM 701 and this value

is inputted to the pfeéettable up~counter 702 at the moment when

0
The presettable up-counter 702 counts the pulses passed by the
0

the control siénal S applied to a terminal 724 becomes "H" level.

10' AND gate 602 after the value of !21 - NT] is preset. Thus, the
value represented by output texminals Q1 to Q11 of the presettable
up-countef 702 after the count of pulses of'the temperature data

0. NT + ﬁ]. The value of 10-bit data represented

ﬁ becomes [21
by outpﬁts of the EX-OR gates 704 to 713 is the inverted value

15 of the outputs at terminals Q1 toIQ10 when an output at tﬁe terminal
Q11 of the presettable up-counter 702 is "L" level. While, when
the output of the'terininé.l.Q11 is “H" level, the value of 10-bit
data becomes thé value fepresented by the outputs at the terminals
Q1 to Q10' Therefére, thé'ﬁalue represented by the outputs of

20 the'ExEOR gates 704 to 713'becomes [|210 - NT + N - 21°I] = [IN - N&l].
| .An inclination adjusting circuit 71, which is included in
the temperature cohverting circuit 7, comprises a presettable down-
countei 714, a R~-S flip-flop circuit 715 wherein a set signal is
preferred, ; NOR gaﬁe 716, AND gates 717,718, an up-counter 719,

25 a PROM 720 for memorizing 9-bit inclination adjusting value KZ' a

coincidence detector circuit 721, an OR gate 722 and an up-counter 723.




el fromthe noment when the control signal [ERR] beconmes "H' level until °
ie=signal [err] applied to a terminal 726 is inputted by [erc]pul ses

through the AND gate 717 to a CP terminal of 10 the presettable
down-counter 714 and the outputs at termnal [err] to [err]thereof becones
"L" level and the output of the NOR gai®- 716 beconmes "H' level. During this
period the AND gate 718 passes the signal [err] applied to a term nal 727.
Therefore, the nunber of pul ses passing through the AND gate 718 is
times the 15 nunber of pul ses passing through the AND gate 717, namnely
[128 x [err] ¢uintexs Be. NP ra¥sectresnt thezexonby dihesroptaol] skarpl $hdedount.er
719 starts counting the pul ses which pass through the AND gate 718. \Wiaps
the count coitriadtermingh T3fe inclination adjusting value K2 witten 20~
into the PROM 721, an output EQ of the coincidence detector circuit 721 is
"H' level and the Tetivedre 7HY rNddarrpressetred tycFhe puthietsgfvthe KR nes
t he out put EQ of coincidence detector, circuit 721 is "E" level is Eerr]
Therefore, theteEnpt Foufl? dsntRruStsg Yuthe PresebraREnERP PR RF ddfput s at

t erm nal errlJof the 25 counter 723.is also [err -13- The
t enper at 3r5«[3 cﬁ%ﬁ‘&ﬁt‘%‘?"{eﬁ'i‘g‘e&‘ou. %W?Bﬁl%ﬁfﬁéf‘ﬂlﬁﬁa % AP 3 ¢ onpri ses

i ah i nadr Ho BRCEPROLEIeY okt ARoPur A5 S Br 11Borige §1 ot Bount er

T2 pons LTS K SO REARE et e SABSE LA 1B oSl

the above equa ess n tRe ma and
the data is Oﬁﬁtﬁlit I:l?éj s\ﬁ’t}ﬁ_g'l $256 applied to a terminal 726 is inputted by

[IN - NT“ pulses through the AND gate 717 to a CP terminal of \J
10 the presettakle down-countexr 714 and the outputs at terminal Q1 to
Q9 thereof beccmes "L" level and the output of the NOR gate 716

becomes “"H" level. During this pericd the AND gate 718 passes

the signal ¢32K a_pplied to a terminal 727. Therefore, the number

32768
256

15 number of pulses passing through the AND gate 717, namely

of pulses passing through the AND gate 718 is times the
[128 x |N - NTI] pulses.

Being reset by the control 'signal SO' the coﬁn’ter 719 starts
counting the pulses which pass through the AND gate 718. Wben -
the count coincides with the inclination gdjusting value Kz written

20 into the PROM 721, an outpu_t EQ of the coincidence detector circuit
721 is "H" level and the counter 719 is again resét, .thereby the

number of times the output EQ of coincidence detector circuit 721

is "H" level is (}-EE.IN - NTI) . Therefore, the temperature converting
2 . .
-value n represented by the outputs at terminals Q1 to Q9 of the

25 counter 723 is also (-1-2—8- .in - NT’) .

%



the control signal [err] inputted to a termnal 803 is "H' level. The-latch - -
circuit 802 holds-the.tenperature characteristic conpensation data Dn of .
the mask ROM 801 for 80 seconds until the following 10 data i s outputted.

It will be seen fromthe follow ng equation that the tenperature

characteristic conpensation data Dn owipdtted fromthe tenperature
characteristic conpensation data generating circuit 8 is equal to the
nunber of conpensating steps Y represented by equation 15 (4). [err] c
[err] 20 [err] ILn this enbodiment of an electronic tinepiece according to

t he present inventiThe temperaturgpechasrddtemistsiqperhpansetiion data gqeeeradngf 10
seconds~and conpensation of tenperature characteristic, peak 25 rate for
a factory and qigekit Batemprisesfa datehnlcdgceity B02 cardr @ maskpBROM 80| gonmtrackeded
i ndependently at -different timng. Conpensation -14- 1 86400 is
performed by liagPcbittuni #RP werds Wgée’ilriéc?d‘i)‘fesse?ém puteutisday thedtemminagls her
performed by ON and OFF action of a switch 107 (Figure 6) of the quartz
crystal oscil gt b? i PEUTRe FoERFexn’ R 263he FemRPRREpTSf chagggeeristic -

0. 0082 sec/ day. o L
5 compensation data Dn represented by the above equation (5) is written

into address n of the mask ROM 801 and the data is outputted when
the control signal's4 inputted to a terminal 803 is "H" level.

N The latch circuit 802 holds the temperature characteristic compensation

data Dn of the mask ROM 801 for 80 seconds until the following
10 data is oﬁtputted.

It will be seen from the following equation that the temperature
characteristic compensation data Dn outputted from the temperature
chafacteristic compensation data generating circuit 8 is egqual
to the number of cOmpensating steps Y represented by equation

15 (4).
al
Dn= 0 .nz
c .
al
= 128 2
L E—.(KZ.IN NT[)
= %o 2
-g—'- .(Eb'._lN - NT”
=0 2 n-n?
20 =T car- - Ny
a' 0 2
= Eru(n - N&).-.

- In.this embodiment of an electronic timepiece according to
- the present invention, rate compensatibn is performed with a period
of 10 seconds and compensation of temperature characteristic, peak-
rate for a factory and peak rate for after-sales service are

25

respectively performed indeperndently at different timing. Compensation



~9-bit tenperature characteristic conpensating data, outputted from

f.mihals 804 to 812 in Figure 3 is inputted to terminals 1041 to 1049. The
factdry conpensating nmemory circuit 90 is a 10-bit peak rate conpensation
menory circuit whose outputs are 10 -!fnputted to termnals 1051 to 1060.
Further, the after-sales service nenory circuit 91 is a 10-bit peak rate
conpensation nmenory circuit whose outputs are inputted to termnal 1061 to
1070. Cocked inverters 1001 to 1010 are held ON for ajperi ggq06 2 seconds
when t he con%Fo?ersPﬁﬂﬁcf B¥sloghh ERRIRG PR AEEUTAFYaof Gavena¥ 1981 T 9-2637_

"H' level, and | iver the t erature aracterjstic cqonmpensati on datéurii a
i nverters 103%°4 }10%5) ’tso%P‘e%%%nB? %ﬁrlfyooﬁoﬁﬂ 03.&9&33;%&%&@1011 to
1021 are hel .or_a eriod of 2 seconds .whe he contro) signal [err],
which is i npg?é elél 0" a @e?#ﬁ%‘ael MygF FEAho %\}éra?°ﬁrf T 3e °tfe peak

rate conpensggi 012687 or i e inverters 1031 to 1040 to
the term nal gaﬁ%fgf%ﬁf%ggt Fus2t her?b'(azﬁ%%l?\eéaﬁt?%erters 1021 to 1030 are

held ON igy a remaiRiag REfL ol QFc8i¢ glqau t s S p?i 97,
which is 'dfqnput_ted to aterm nacl 518181;3%'9 " &F%veep?tﬁ%%%%ﬁ%eg é’§peak
rate conpensabj n@-gat ?tein?&rﬂ&x@r et aREe SRt bConfefsititig 8NG bifsuttddl to
1040 to 25 the termnal's 1071 to 1080. Figure 5 il'lustrates the

M ni UM conpessnitieedi (e84 HoNg1ZiinC Bl durkl3i {k Anpattia €8t @rhindtae M ni mum
conpensation determning circuit 11 conprises an up-counter 1101, a PROM
1102 for nmenpe4rzitbgleddh- brke HabtoHMconpatiatdhd Wemdey Aiktmigovad ue [err], a
coi nci dence ' -

: @5 Figure 4 is a circuit diagramof the data selecting circuit

=

10-bit peak rate compensation memory circuit whose outputs are &'J
10 inputted to terminals 1051 to 1060. Further, the after-sales service
memory circﬁit 91 i; a lo-bit peak rate compensation m;mory circuif
whose outputs are inputted to téminal 1061 to 1070. Clocked
- inverters 1001 to 1010 are held ON for a period of 2 seconds when
the control signal SS' which is inputted to a terminal 1081 is
15 "H" level, and deliver the temperature characteristic compensation
data via inverters 1031 to 1040 to terminals 1071 to 1080. Clocked
inverters 1011 td 1021 are held ON for a period of 2 seconds when
the control signal 86' which is inéuttéd to 5 terminal 1082, is g_)
"B" level, and deliver the peak rate compensating data for a factory
20 via the inverters 1031 to 1040 to the te;minéls 1071 to 1080. Further,
clocked inverters 1021 to 1030 are held ON in a remaining period
of 6 seconds when the control signal s7,.which'is-inputted to a .
terminal 1083, is "H“ level, and deliver the peak rate compensating
data for after-sales service 213 the inverters 1031 to 1040 to

25 the terminals 1071 to 1080.



5 detector circuit 1103, and an OR gate 1104. When the counter 1101

counts the signal [err] inputted to a termnal 1105 X tines, an 3 out put -
signal P at a termnal EQ of the coincidence detector circuit 1103 beconesg :
"B" and the up-counter 1101 is reset. Thus, after the control signal [err A1)
inputted to a termnal 1106 beconmes "E,Jevel 10 and the up-counter 1101
IS once reset, one period of the signals[err] at the output term nal EQ of
t he coi ncidence detector circuit [err] 1103 is thus 256 seconds. The tine
dividing circuit 12 as shown in Figure 5 conprises a coincidence detector

Cirouit 4201, an UpefpHt o h20%aidl B Linislil Bcddidatiith Befbfihlip- 1! op

circui t4204 in which a reset signal Is preferred.” Termnals 1206 to 1210

are connect ed ;QcLeCai1Vent Pleat@Pdetai Pi t THALA i dRBed Rt TLR Yt e iRl nO
1075 (Figure 4) of the 10-bit data selected by the data selecting circuit

10. On the assdifebion it BahptiR@sVal wp-cqiteseniorq dierbiier 1o2vesy Sehbtidaga 20
Is m when the up-counter 1202 counts the signal [err] by m pul ses after

bei ng reset bya 5hb: € afinifthm SdogPahstebn |adtephinding v£ive k& & 8adncld@ice t he
output at term nal EQ of the coincidence detector circtit 1201 becones "H'
| evel . Thesti rdetécudslidigesitgnab3 Panisas @R Gytd heoLonwhal thegemintperyijol
I nputted to the termnal 1205. The tinme 25 dividing signal Pc is reset
when the out putouatsttte ségmalndRSEQnputicid thea teminiadehtls dgt widtes; &P01
becomes "H' level or the control signal [err] inputted to a termnal 1211
becones "H' | ewdbut SigardiRy @t @ Iterwimad FRevf tthe ¢dimpidgnreddetpctpyralircpit
becomes "H' level is

&s/ 1103 becomes "H" and the up-counter 1101 is reset. Thus, after

the centrol signal §_, inputted to a terminal 1106 becomes "H" level

9
10 and tke up-counter 1101 is once reset, one period of the signal

P

o at the output terminal EQ of the coincidence detector circuit

1103 is thus igg'seCOnds.
The time dividing ciréﬁit'12 as shown in Figure 5 coﬁprises
a coircidence detector circuit 1201, an up-counter 1202, an OR
15 gate 1203 and a R-S flip~flop circuit 1204 in which a reset signal
is preferred. Terminals 1206 to 1210 are connected to receive
‘the lower 5-bit data from the terminals 1071 to 1075 (Figure 4)
bf the 10-bit data selected by the data selecting circuit 10. On
the assumption that the value represented by the lower 5-bit data
20 is m, when the up-coﬁnter 1202 counts.the signal PO by m pulses
after being reset by the control signal s9 inputted to a terminal
1205, the output at terminal EQ of the coincidence detector circuit
1201 becomes "H" level. The time dividing signal Pc is set by

the ccntrol signal S, inputted to the terminal 1205. The time

]
25 dividing signal Pc is reset when the output at the terminal EQ



ec. Here, it is assuned that the tenperature characteristic 5
ensation data represented by the termnals 1206 to 1210 is [err] peak
sconpensating data for a factory is n2 and peak rate conpensating data
~after-sales service is [err] is indicated in the first 2 seconds of the
conpensating period of 10 seconds, [erE.is indicated in the next 2 seconds
and then [err] is indicated 10 for the remaining 6 seconds. Since during
the last 4 seconds of the regaining 6 seconds, the time dividing signal Pc
becones "L" level by the control signal [err] the time when the tine

di viding [erdd tfit dhhcbfeRRCaOBI Lo 1J08VBcdnes "B 1eGli lorS Bhe ARMLENE tinE
when the tinme dividing signal Pc becones "L" level is [err] 15 The quakez

crystal oscCidilgab®rs Clihphtitdedlt®SCitkhiRy 8011 BRcomdL vaF Jeli] FBerfdreyhen
the signal Pc is "I level , and oscillates at the rate of y sec/'day when Pc
is "L" | eveltheTbatiewbes, thd einalod vE@ine BSaiAAd PBybddomes i ' dewdldisg si gnal
Pc is given®yy the follow ng equation: [err] [err] 10

y [err] secﬁéggéum-sec. Here, it is assumed that (the fénferktara eharddcteniftik

m ni num co sati-on ¢ is given by: [err] C = 2560 Ay sec/day

(9) In this wmpedsatdon didta mepresentedhyctbattieoninaliss 1200687130 $ec/ day.

ml, peak rate compensatinc data for a faétory.is mz'and peak rate

compensating data for after-sales service is m3, m1 is indicated
in the first 2 seconds of the compensating period of 10 seconds,

m, is indicated in the next 2 seconds and then m, is indicated

10 for the rem;inin;36 seconds. Since during the last 4 seconds of
the rezmaining 6 seconds, the time dividing signal Pc becomes "L
level by the control signal S_,, the time when the time dividing

K3(m1+m2+m3)
356 -sec and the time when
K3(m1+m2+m3)l
the time dividing signal Pc becomes "L" level is {éo - 556 )sec.

15 The quartz crystal oscillator circuit 1 oscillates at the rate of

8

signal Pc becomes "H" level is

(y + 4y) sec/day when the signal Pc is "H" level, and oscillates

at the rate of y sec/day when Pc is "L" level. Therefore, the

<

rate compensated by the time dividing signal Pc is given by the A

following equation:
K3(m1+m2+m3)
20 (y+By) X

Kg(m1+m21m3)j

756 'YX {1,0 T T 3% .

_ 10 -y -

3 K3(m1+m2+m3).Ay sec/day | : - {8)
2560

From equation (8) minimum compensation ¢ is given by:

K3

C = -2-5—63.Ay sec/day o - . {9)

In this embodiment the minimum compensation c¢ is 0.2637/32 sec/day.



-17- Thus it is preferable that the value K3 obtained by the foll ow ng .
equation is witten i.nto.the PROM 1102: K = (0.00824 x 2560 e~
(10) Figure 6 is a circuit diagramof the quartz crystal oscillator 5

circuit 1. The quartz crystal oscillator circuit 1 conprises a tuning for

type crystal vibrator 101 cut at an angle of [err] with respect to the X
axis, an oscillation inverter 102, a batl7ast resistor 103, a negative

f eedback resistor 104, gate capacitors 105,106, an inverter for waveform
shaping 109, the switch 107 already referred 10 to and a swtch 108

whi ch is capabl e of bein w tched by the switch 107. Two djfferent.
frequehei es ofT}t“‘ﬁe"%i’g“nB?efeé’F’&’f‘%f@aét the valvg K3l °11T6"8‘gﬁ§na{"e Lf%&ﬁ"'[’ﬁ‘l@ ON
and OFF states of the switch 107. V\hﬁn ?ﬁl&g g > dividing signal Pc fed to a
termnal 111 i¥UAECT dFefTIYHE HES Ao iccﬁél ates with a smaller rate y
sec/day. Wile, 15 whe0.0d824skpséb Pc is "H' |evel 1 scillation is
perfornmed at a grea%br ate Perr] secpday. The capaci tarnce of the sw tching

nocassari 1y Lar ger Vo0 Sea s € FRE deoBe ientd ety Bhelhater,

performed for 2,sgeonds ol RbrdP SECONISec i rouft QUbEmrils@sda Ci M CUI L
di agr am of f5t he 1/ 32 di vi der q%i Jrrcui‘:t?tgzo _angctﬁeatﬁ)gﬁlgc?uni ng cllyrrlcuist 13. The

logic tuning CiungHiteck® EAMChkrgsisa1 AWLARLES103Rdt tat 4R 0hg1ENer 1592,4dhyi der
circuit conprises an input termnal 206, 1/2 divider circuits 201 to 204
with set termfidpecS toathé X dkvd deh 64¢iQUbtioH)Invérirlraok pecballvbll Fdtistor5
and an output term nal 207. At the nonent when the control signal

K\) 103, a negative feedback resistor 104, gate capacitors 105,106,

an inverter fbr waveform shaping 109, the switch 107 aiready referred

i0 to ana a switch 108 which isxcapabie of being SQitched by the
switch 107. Two.diffeient frequencies of the signal $32K at a
‘terminal 110 depend upon the ON and 6FF'states'of the switch 107.
fﬁhen the time dividing signal Pc fed.to a terminal 111 is “i“ level,
the oscillator oscillates wiﬁh'a smaller iate y sec/day. While,

1% .when the signal Pc is "H" level, oscillation is performed aﬁ a
greater rate (y + Ay) sec/day. The capacitanée of the switching
'capacitor 103 is aetérmined'in such a manner that tﬁe”value of
Ay is necessarily larger than 0.2637X10/2 = 1.3185 éec/day since
compensation is performed for 2 seconds out of 10 seconds.

20 Figure 7 is a circuit diagram of the 1/32 divider circuit
20 and the leogic tuning circuit 13. The logic tuning circuit 13
comprises AND gates 1301 to 1305. The 1/32 divider circuit comprisés
an input terminal 206, 1/2 divider circuits 201 to 204 with set
terminals §, a 1/2 divider circuit 205 with a reset terminal R

25 and arn output terminal 207. At the moment when the control signal



inputted to a termnal 1311 becones "H' level, the 1/32 divider.
it 20 is set to the state of advance or delay determ ned by input data

or [ |

@5

rm nals 1306 to 1310 of the logic tuning circuit 13. Upper 5-bit data

‘anong the output data of the data selecting 5 circuit 10 is inputted to
the terminals 1306 to 1310. Conpensgg+ on according to the data is
performed once per 10 seconds. Therefore, on the assunption that the
tenperature characteristic conpensating data applied to the term nals 1306
to 1309 is [ERR], peak rate conpensating data for factory applied to the
term nal 130H,t =83ed1te a kenfigal] 13 debkeomese” Bbripwadatthrgl R divister —,
after-sal es service applied to the terminals 1306 to 1309 is k3, peak wte
conpensat i ngridaedt 148 i¢ aatoky thspkstate ©f aduanceror dglay JegerminedrPy and
peak rate conpensating data for after-sales service applied to the term nal
1310 i s [ er rinPEbrasds af i trmdnals 3Pedic 13thiotgthe 1gpie ruing HRAXFBLY owi ng 15
equation: 0.2637 [err]é _(sec/ day) (11) _From equat.i ons (]g) to (11)
conpensat i ontdof PPREY ATRLY dagR \AsRng the,autrit 8ifhPlebitfatrbn: s3EFting0

[err n order to qbtajn the v%lue of a', N and b

12) .1
in t]he e§uat§igAuts) QP cirT‘PSa‘F'ég%é"GeEE%rtﬁnFUfa‘_lﬁdH&q FRgl310. Compensation
t t . ch t | SL.i nd th k {e, {. di t
thrbe. known ERFUS (Pee 8PS Lengeramstree BFF 10 sEEper  TSFoLRE. 28
tenperature data, raesi%ﬂio‘ﬁe#Xa@%h%hgémg;gﬁ»gg%eer @ﬂﬁa%%e?lgeti@eggn%bregga@ﬁ% the

foll owi ng sinul'taneous™ equati ons are
data applied to the terminals 1306 to 1309 ;s kl' peak rate B
compeﬁsating data for factory applied to the terminal 1306 to 1309 ~
10 is k2, pe;k rate compensating data fbr,af;ef-sales servige applied 
| to the terminal; 1396 to 1309 is k3, peak\rate compensating data
for factory applied to the terminal 1310 is 22 and peak rate
compensating data for after—sales service applied to the terminal
1310 is £3, compensation due to logic tuning.is given by the following
15 eguation: _ | _
0.2637 x {(kl_«f-k2+_k_3)-3_2 X (&24_-.9,3)} (sec/day-) -.(11)
From eguations (B) to (11) compensation of the rate is given
by the following equation: | | s
—-—-—0'2237 X {(m1+m2+m3) + 32X (k1+k2+k3)
20 - 1024 x (£2+£3)3 (sec/day) - . (12)

In order to obtain the value of a‘, NT and b in the eguation
(3) which are necessary for adjusting temperature. characteristic
and the peak rate, rates_yl,yz,y3 correépoﬁdiné to three known
temperatures 61,62,63, and the number of pulses NI'NZ'N3 of the

25 temperature data respectively at these temperatures are measured and

-



[er;'r] (13) [err‘,] 5 In this calculation the data at tenperature e is not
required, thus it-is.not necessary to know the exact tenperature and also™ -
to adjust éxact tenperature environnent. Further, since the difference

the rate Ay required for adjusting the m ninum conpensation is al nost ef
in all ranges of tenperature, neasurenent at 10 tenperature of above
[err]and [err] can be perforned. Base®?%n the values of a', NI, b and A
whi ch are obtained in the above manner, the fol owi ng cal cul ati on can be
performed: [err] 15 The values obtained are respectively witten into the
PROM 701, the PR 0, the P 1102 and.the factary.conpensating nmenory
ci rcui %90, th%}%ggl Zéoaﬁlﬂgt t%’fec‘tugnf)%u gf‘ﬁ?se aéﬁaﬁog(‘:' eristic, mninmm
conpensation and peak _r ale &dj ust r’;ﬂng san be effected. This neasurenent and
adj ust mrent are perf)ot med el eadt r orw ;a_lly and can be automated 20 so that
cost for adjustnent.is sgal A t above, in the electronic tinepiece
wth tenperature co}rﬁaensg?'i (Igﬁ ?Z“mqn?f/"_,’ based upon the fact that the rate y
is represented by %Qt Lon, @3) W hhyrgspect to the val ue ofyienperature
data [err]is obtain by the3of fset adjusting circuit 25 70 and the
tenperature cofehid NAivaldt8ol thd @atd dtStoificabbesh BYid Rt Reddirad) on
adjusting circuit 71. Therefore, the value of -20- the tenperature
characteri sti ccenpensahbthedabsaryNts know thdl exddi &Bmperature and also

to adjust exact temperature environment. Further, sincé fhe difference
\y} ;n the rate Ay ;equired for adjusting the minimum compensation
is almost egqual in all.ranges of teméerature, measurement at
10 temperature of above 61;62, and 63 can be performed. Based on the
values of a‘', NT' b and Ay wﬁich are obtained in the above manner,
the folowing éalculation can be performed:
. . '
X, = (210 - NT)'_ | K, = (128 x/:;-?) P
%, =(o.oosz; X 2550)' x, = (_ E) ]

15 The values obtained are respectively written into the PROM 701,

the PROM 720, the PROM 1102 and the factory compénsating memoxry
circuit 90, thereby adjustmenf of te:nperaﬁure characteristic, minimum
compensation and peak rate adjustxﬁent caﬁ be effected. This measurement
and adjustment are performed electronically and cazi be automated
20 so that cost fo_i: adjustment is small.

| As noted above, iﬁ the electrdnié timepiece with temperature
comﬁensation fécility, based upon the .fact that t.he rate y is
=represe.n't:ed by eqﬁa;ﬁion (3) with respect tc the value of .temperature
data ﬁ. N =N - NTI is bbtaihed bﬁr the.offset aﬁjusting circuit

' 128

25 70 and the temperature converting value n = —-K—Z-N') is obtained

by the inclination adjusting circuit 71. Therefore, the value of



[N}

Is witten into address n of the nmask ROM 801 beconmes equal to the nunber
Fomensati on steps Y glven by the equation (4), and thereby a flat

ure characteristic is realised. 5 Further, the m ni hum
Nperdat i on determning circuit 11 5 sets the nlnlnunlconpensatlon c
sec/day to the value of 1/2 of 0.26372%ec/day being the nini num
conpensation by logic tuning, namely, it is set to 0.00824 sec/day. Thus,
the peak rate is sufficiently conpensated to the accuracy pequiked for the
desired 10 annual rate. _Furthernore, the a arglltu e of tEéot erature

characteri st¥h® éﬁ%?”%&ﬁﬁe‘ﬁ?éf‘%ﬁflﬁ‘é“f SPRBTRASAPS (374R That { By D 'y'h’r‘if‘grc

tuni ng. Morepve

wh ()
adj ust ment i Hé%‘éé%’aggg%ea%gﬂégs P g?%gmﬁ%%ﬁ %ﬁlegsflo%%? Fgﬁ% thgt Sat tern
of after-salgg %ervérC%fn?gguengt{o%uft? X rﬂegsﬁ;g%rﬁte %ciuatibﬁ a:?c?l y and

qui ckly done™1'n nner ven |

cach st of et o Taas ek ire per%%%%%*ﬁq#?% g ereres 20

each set of ent erent timng it is also

possi bl egto enpl opuAyiet Nl WhEiRm BafRhghs AHEEAintise Shodtt 20 adding

circuit. In the electronic tinmepi ece according to present 1nvention and
described abqug vhé hidibh@ReRMBEANR 168 8BS AldyOfo fafel l,aiae o¥af i pen in the
of fset anount of the tenperature values and in peak tenperature of quartz
crystal vibratess seaydhg mdngstd mPiimd compenght il badidihki Bghigglcuit, and
the variations in the inclination of tenperature value and in the secondary
t enper at ur e wefif) citcissset to 0.00824 sec/day. Thus, the peak rate is
_ o 3

sufficiently compensated to the accuracy reguired for the desired
10_ annual rate. Furthermore, the amplitude of the temperature
characteristic after compensation is far smaller than that by only
logic tuning.l Moreover, in accordance with this embodiment, when
peak rate adjustment is necessary because of aging or failure by
cutting the patterncxfafter-sales service memory eirEuit 91, adjustment
15 is precisely and quickly done in the same manner as logic tuning
even in a general watchmaker's éremises. |
.It will be appreciated that whilst coméensation by each set
| of data is independently performed at different timing it is also o/
pOSSlble to employ a method where thedatais added by use of an
20 adding circuit.
In the electronic timepiece accoréing to the.present invention
and described above with a temperatﬁre'compensation facility,
variation in the offset amount of the.temperature values and in
_peak temperature of quartz crystal vibrators can be adjtsted by
25 an offset adjusting circuit, and the variations in the inclination

of terperature value and in the seccndary temperature coefficients



-21- of the quartz crystal vibrators can be adjusted by an inclination
adjusting circuit. Therefore, this invention enables a nmask ROM of large. ™
integration to produce tenperature characteristic conpensating data
suitable for the characteristics of the rate 5 and tenperature of each
ti mepi ece, without using a special quaf2iz crystal vibrator with specific
peak tenperature and secondary coefficient characteristics. As a result,

| ow-priced and smal |l -si zed tinmepi eces of high precision are realised.
Further, as noted above, the electroni.c tinepiece may be 10 of high
pfeci ston by peHHRE TeprEzf FY¥Stad oribEatens 6an die edjustsdi bh anoirgldnatiare
osci | | &or ci rcuit by the. lower Mbit data and conpensates the rate

adj ust ment and@XusEERh FirsiensTRerSHoEs r CHEE VINPRHLMoRRaR)ies 2 Rashki RMier
circuit with the remaining upper bits_of data, the rate conpensation data
and t hen conpeffsdfEee tinkegratdon tp &Jﬁ‘?‘{‘ieoﬁ?‘“ﬁat“fﬁ@ér‘?%tegg%‘iﬁicded nmeans
wherein the m ni num co,rrpegsat iopn Qf the fjrst conpensation circuit is set

to [err] of tFEBFPRF TN S ERSENENTW thASEREHRIELH TR Rttt DR 2T r cui t .
Therefore, when it he value of the.rate conpensation data represented as
D-bit data®s & £ ﬁ'@p?/rgl%ﬁ’ée % p?%%he%%%%?lﬁgg t h'éi%ﬂg r“s%_?%ii sgfclt eI TE dat a
is m the 20 - ualyg J@%ﬁgfr&i@g %\éc ke ﬁg !t%ggrkugletar{dssléc&m he

m ni mum conpensati on o € second conpensation crrcurt 1rs"g sec/tay, the
conpensation i n : 0 hat. di gital..tin '

reg_gl utS [ oln of IéTe{af‘r%rEffesS‘gtc 5%%5%%%}:3; |Jlktrslg§vxﬁ'e%tkx %{_".'ofal or(;#{siéségc a;ls/s{;rl igléla-sued
?ﬁg;:/fgt 25  timepiecd’ o2IRi¥R bRedilfotiPyer&fiiediments, in the case when

.Further, as noted above, the electronic timépiéce may be

10 of h:l.gh érecision by providing a first compensation circuit which
controls the oscillator circuit by the lower M-bit data and compensates
the rate adjustment and a second compensation circuit which controls
the divider circuit with the remaining upper bits of data, the
rate compensation data and then compensates the rate. In addition,

15 there is provided means wherein the minimum compensation of the
first compensation circuit is set to 1/2M of the minimum compensation
of the second compensation circuit. Therefore, when the value

k/'j of the rate compensation data represented as D-bit aata is 4, the
value represented by the lower M-bit of the D-bit data is m, the

20 value represented by the remaining K-bit is k and the minimum
compensation of the second compensation c;ircuit is g sec/day, the
compensation is represented by (—&.m-l-g.k) = -% (m+2Mk) = —g.d sec/day,

2
so that digital tuning having a resolution of —3 sec/day and adjusting
D K ' 2
width of (—%.2 ) = (g.27) sec/day is achieved.
2
25 As shown in the above embodiments, in the case when the first



-22-_and second conpensation circuits are controlled by 5-bit data and the :

S
0

y, a digital tuning method having a resol ution 0.2637 of .

ng%%%%nlconpensation w dth of the second conpensation circuit.is 0.2637
. 24 sec/day equivalent to a trinmmer capacitor and 2 5

wi dth-of 0.2637 x 2 = 8.4384 sec/day2?¢s realised. Therefore, the
el ectronic tinepiece according to the present invention and descri bed above
achieves rate adjustnment to a high degree of accuracy, precisely and

qui ckly. Fur hhersecshd ombbfsdth bATEIrcG 802 GirkY cdrit rB2ied B9Us-BiRtcaSLd 2nlO

change of

| ar ge adj usting

the rate due 10 to failure or huni'dity change and a small-sized

timepi ece i Stpé $Aninal iceRfensditioniviathi &f dhaVdedonaBiddpetbatidhedircuit i
Application No. 2162974 in which protection is sought for natter described

in this speciéit@e8vrseckBay) a?2Bigital2Buningliétiodl havingnactesolotivrr

conpensati ngoe
controlling an ogCillator circuit in accorg

conpensati onlarge adjusting width of 0.2637 x 27 = 8,4384 sec/day is realised.

10

15

20

25

Therefore, the electronic timepiece according to the present
invention and described above achieves rate adﬁustment to a high
degree of accuracy, precisely and_quickly. Further, since the
trimmer capacity is not used, there is ﬁo change of the rate due
to failure or humidity change and a small~siéed timegiece is also
realised. | | |

Attention is drawn to British Patent Application No. 2162974
in which protection is sought for matter desgribed in this

specification.

o

“timepi ece comma ig a rate conpensation data generating neans; a first
3 o CcongENsat/day egeivalest dfo hhtrizmeetcapacttdr rwAI ece by
ance with a Tower Mbits of rate

U

v



5. data generated by the rate conpensation data generating neans; a second
ctonpensating neans for conpensating the rate of the electronic tinepiece
controlling a divider circuit in accordance with the remaining upper bip
of the rate conpensation data; and neans for setting mninmm conpensati
data of the first conpensating [err] 1023means to 1/2 of the mi ni num
conpensation data of the second conpensating neans. 2. An electronic
timepiece as clained in claim1l including tenperature signal generating
means for producing a tenperature sig presentative of tenperature and
tenperature signal converting 15 neans conprising an of fset adjusting
means N@r adj usting an of fset anobunt of said tenperature signal and an
inclination aflj us%inn%ler’r%ans for_adjusting the inclination o

. ; f '
tenperature stgnal. CERRMET SCPHORCE CRERT % 25 5?’?&%ed’slaﬁ§°%1l gfﬁ? 1 or 2
in which th ' | ' k RON.
1 e L L OIpSUSEL) 1 SRRl
herein descripgd yuhfho# @LETEREErdr AP Enedie Sl B cbit 191 AF GRMDEM BEor

dr awi ngs.

circuit in accordance with a lower M bits of rate compensation
5§ data generated by the rate compénsation data generating means$;
a second compensating means for compensating the rate of the
\./ electronic timepiece by controlling a divider circuit in accordance
with the remaining upper bits of the rate compensation data; and
means for setting minimum compensation data of the first compensating
10 means to 1 /2M of the minimum compensation data of the second
compensating means.
2. An electronic timepiece as claimed in claim 1 including
.temperature signal generating means for producing a temperature
signal representative of temperature and temperature signal converting
15 means comprising an offset adjusting means for adjusting an offset
amount of said temperature signal and an inclination adjusting
means for adjusting the inclination of said temperature signal.
3. An electronic timepiece as claimed in claim 1 or 2 in which

the rate compensation data generating means includes a mask ROM.

4. An electronic timepiece as claimed in claim 1 and substéntially
as herein described with reference to and as shown irn’ the

accompanying drawings.
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