-1- ELECTRONIC TI MEPI ECE This invention relates to el ectronic tinepieces,

: )
El ectronic tinmepieces with a tenperature conpensation facility are f A\
suggested in U S. Patent Specification No. 3719838 and published J gmeﬁq ;
Pat ent Application Nos. 56-19482 and 58-223778. 5 U S. PatBaty e

Speci fication No. 3719838 provides a ngLhod wherein data for conpensating
tenperature characteristics of a quartz crystal oscillator corresponding to
a given tenperature are directly witten in to a programabl e RON.

Publ i shed Japanese Patent Application No. 56-19482 di scl oses a net hod

wher ei' A=t enper at ur e conpensat | gigctRontdottmedigys ously witten in to a mask
ROM whigs® address is designat €d by the output conditions of a divider
circuit s read out when the nunber of output pulses of a tenperature
sensing oscillator circuit reachesa nunber determned by a dividing ratio
setting neans. Furt hetis patenisdedelatpanes cléatemntic/Apidepietdeson No. 58- 223778
15 provides a tenperature conpensating circuit which adjusts an output of
an A/ D converter cirklsictrémic pimgghiecergwitie & ceqmpmrature compansationd faciidsyt s
a nethod wherein tenperature conpensating data previously witten into a
mask ROM i s remk suggdsged i U8 pPaterit Shecifdnpeiont Ne e 37499380 and invglishedyi t .
20 The above have the foll ow ng di sadvantages. Wth the nethod

di scl osed i n apanpae PaterspdppiicesionNore 5631343804 158-42Hd8si bl e directly
to wite tenperature conpensating data which corresponds_to the h%i ven
tenperatur& i nto theVHroBrtatfoiRecifigation o, 3{i493gprovides a method wherein

\/ data for cpmpen.éating temperature characteristics of a quartz 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 compensation

10 data previously written J.n to a mask ROM whose address is designated
by the oﬁtput conditions of a di_yiﬁer circuit is read out when the
number of output pulses of a temperature sensing oscillator circuit
reaches a number determined by a _divi_ding ratio setting means.

Further, published Japanese Patent Application No. 58-223778

15 provides a temperature compensating circuit which adjustg an output
of an A/D converter circuit for producing the tperaturé value,
and suggests a method. whe're:'_.n temperature é'ompensating data. previously
written into a mask ROM is read ox_:t by _the output of the temperature
compensating circp.it. | |

200 The. above have the folloﬁing disadvantéges. With the method

| disclosed inU.S. Patent sPécifigation Nd. 3719838 it is possible
directly _to write temperature compensating daté whicﬁ corresponds

to the given tempe:fatufe into the programmable ROM. Thus, even

25



%d though the secondary tenperature coefficient and the peak
ature of the quartz crystal oscillator circuit nmay vary, it is
e to adjust themto the given tenperature of each tinmepiece. It is,
therefore, an ideal tenperature conpensiing nmethod. Howeey § 397 fhe size
of a non-volatile menory circuit such as an MNOCS transistor menory circuit
or FAMOS transistor nenory circuit is three to four tinmes the size of a MOS
transi stor menory circuit such as a nmask ROM Therefore, in the case of an
el ectroni c tthevghede apenndamm tgmpeyatuse jepesficienh dandaithie itrok ctanpnbrtpre
capacity of the RONis required 10 in K-bit units, the size of an IC chip
becomes ext réhdhy quarge aystabiesFillesanairpeitgey varya i iist persdhlaherg
space is limted. In the nethod according to published Japanese Patent ™
Appl i cati on ¥SAIRE Ehemroakhe aven Fepperaties Of eagh, tipepiieshr r &§ar di ng t he
size of nenory chips since sk ROVs are used. However, both nethods 15

provi de means®#f GPexsdraet iaﬁg.i, ?Plpft?%pétraﬁ‘?ﬁfuﬁ?m‘iﬁ“sf‘wé'ggin,ﬁfé}f?drerﬁ?é'ﬁ&?ﬂre, but
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tenperature of a quartz cr scil.lator circuit. .but_ not ssi:ble to
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rate of adjusinen ail's to agree. ore, “in order tain a high

degree of a%ﬁ.a%er%f&e,a@nmuééﬁé BECarP o1 2ctR0P0 WS mefi HROFAHe M2

crystal vibrator wth a particularly advantageous secondary tenperature
coefficient rate is 5 seconds and whose memory capacity of the ROM is required guj

t

10 in X-bit units, the size ef an IC chip becomes extremelyllarge
so that it cannot be'used in a wristwatch where space is limited.
In the method according to puhlished Japanese Patent Application
Nos. 56-19482 and 58-223778, there is no problem reéarding the
size of memory chips since mask ROMs are used. However, both methods
15 provide means for adjusting an offset amount of the given temperature,
but do not provide means for adjusting the rate of change of
temperature (i.e. inclinatioﬁ). Thus, it is possible to adjust
variation in the peak ﬁemperature of a quartz crystal oscillator
circuit, but not possible to adjus£ the variation in the secondary
20 temperatﬁre coefficient, so that the more the coefficient departs
from the peak temperature, the more the rete of adjustment fails
to agree. Therefore, in order to obtain a high degree of accuracy,
e.g. an annual rate of 5 seconds, a special guartz ciystal vibrator
with a particularly advantageocus secondary temperature coefficient

25 is required and this results in a high'manﬁfacturing cost. -
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25 is required and this results i n"a high manufacturing cost. - 3- Thg==
present invention seeks to provide an electronic tinmepiece with a i.‘

t enperature conpensation facility wherein, no matter how varied the N
secondary tenperature coefficient and peak tenperature of the quartz
crystal oscillator circuit, they can be-gdjusted 5 respectively to the rate
terrpe\r/\zture characteristic of each electronic tinmepiece, without using a
PROM whi ch requires a large-sized IC chip. Further, the present.invention
sleeks to provide THSETPSRE ABYTELPAFIFEENT® €F°Yﬁd€naf’e%rﬁcgf?’b"nc {t HCfreve an
el ectronic tinepiece of high precision wi.th.ap annual_rate qof

s;acond‘s\_ﬁ;lo. with a ASTBPERATY St °”fpﬁ8s.ﬁ"é’§\é\%?cﬁlﬁg%rﬁqﬁegﬁl’fhélf em%ste%rltg&yvded an
electromic tinepiece conpri.sing. a r Welg r abl deans for
produci ng a tveaﬁgs‘?att%ﬁr Eé%néiﬁﬁ q}egﬁ?;eagtergr%g a‘?ﬁ;e\lfefg%’fsérge%l‘p% %tggr%gdptgg?rper ature

signal convertd g, NEARS, GANDEL Pid10s PILeALT S6leulfl] Uskl Cad B NS fudbedd] USTi Ng

an of fset anount of” said ténperature signal and 15 I ncl udi ng a PROM f or

storing. the O{Jsggleﬁlwynéo nd Allel PElHRALLAN Rkt PBi TBANSachOE 1 irBid NY

i nclinatidn o tenperature signal and including a PROMfor storing the

adj usted i nclipabi @iy, Qiemwk BN ar RGN Gediitlr@s CONREGSEiIzea ot a
corresponding to a .tenperature converted val ue produced by said tenperature

si gnal converdyipy 2RhrtABA the dp¥bskent CinvRADENS akélny toepnariiertimenpsatesat i ng a
rate of the electronic tinepiece in accordance with the rate conpensation
data. The el efdj.88iny he&RPicECRigMYesonitide 1o pehleveate «lenpsorsiat timppiece

K,/ of high precision with an annual rate of a few seconds..

10 According to the present invention there is provided an electronic
timepiece pomprising: a temperature signal generating means for
producing a temperature signal representative of temperature;
temperature signal converting means compfising an offset adjusting
means for adjusting an offset amount of said temperature signal and

15 including a PROM for storing the offset amount and an inclination
adjustment means for adjusting inclination of said temperature signal
and including a PROM for storing the adjusted inclination; a mask ROM
for producing rate compensation data corresponding to a temperature
converted value produced by said temperature signal converting

20 means; and rate. compensating means for compensating a rate of the
electronic timepiece in accordance with the rate compeﬁsation data.

The electronic timepiece may include a peak rate compensating
means for passing preset data relating to the peak temperature rate
of the electronic timepiece ﬁo the rate compensating means.

25 The electronic timepiece may include a minimum compensation

determining circuit for determining minimum compensation data of



for passing. preset data relating to the peak tenperature rate of the
Clyonic tinmepiece to the rate conpensating neans. 25 The , *
: onic timepiece may include a m nimum conpensati on determning circuit
for determ ning mninmmconpensation <sta of . -4- the rate of the
el ectronic tinmepiece. Preferably the electronic tinepiece includes a tine
dividing circuit for receiving the m ni mum conpensation data for
controlling the frequency of the output signal of an oscillator circuit. 5
The i nventi the irate |[dfishe cledtromicebjmépienay @Freformimgl ethe rledkroasconpanyi ng
drawings, in which:- Figure 1 is a block diagramof an enbodi nent of an
el ectroni c timepdpee dngdedasdiantine divédinge strauit nfem reemt ViEp gilree ninimiggs,
timng chart of output signals of a control 10 - signal generating circuit
of the el ecePeRrfmEatiqrefrr £oBf cotgateing the fireguenqysof thier CRFRUtdPEIRM of a
tenperature generating circuit, a tenperature converting circuit and a
t enper at ur e® rf'é’raﬁ‘f‘elﬂg's'?f E*EGhpensati on data generating circuit of the

el ectronic tinmepjece of Figyre 1. 15 Figure 4 is a cifcuit diagram

of a data sel ecﬁ‘ﬁg“ﬁ’lef“é’cﬁ‘t 18f‘f‘r‘|‘§"é?‘é%‘1'r Bﬁ’fer}yt?%é'ﬁiye‘aé ed‘f‘m#egurlﬁ 1; Figure
5 is a ci rcg'é di_agram. of ra‘r;ilnisrru%c&rri%?lr_l_sati on determning circuit and a
time dividi i@) c"ﬁ FetRt Y ore t e_e?%c'tronl ¢ tinmepiece of Figure 1;

Figure 1 is a block diagram of an embodiment of an electronic

timepiece according to the present invention;
Figure 2 is &z timing chart of output signals of a control &_)
10 signal generating circuit of the electronic timepiece of Figure 1;

Figure 3 is a circuit diagram of a ﬁemperature generating
circuit, a temperature'converting circuit and a temperature.
characteristic corpensation data generating circuit of the
electronic timepiece of Figure 1;

15 - Figure 4 is a circuit diagram of a daté selecting circuit
of the electronic timepiece of Figure 1;

Figure 5 is a circuit diagram of a minimum compensation
determining circuit and a time dividing circuit of the electronic
timepiece of Figure 1;

20 Figure 6 is a circuit diagram of a quartz crystal oscillatorxr
circuit of the electronic timepiece of Fiéure i; and

Figure 7 is a circuit diagram of a logic tuning circuit and

a 1/32 divider circuit of the electronic timepiece of Figure 1.

25




20 Figure 6 is a circuit diagramof a quartz crystal oscillator . .
circuit of the electronic tinmepiece of Figure 1; and Figure 7 is a Clrcull
diagramof a logic tuning circuit and a 1/32 divider circuit of the @
el ectronic tinepiece of Figure 1. 25 -5- Figure 1 is a block diagrama
an enbodi rent of an el ectronic tinmepiece-5ccording to the present

invention. A quartz crystal oscillator circuit 1 has a secondary
tenperature characteristic. A divider circuit 2 conprises a 1/32 divider
circui't 20 which divides 5 a signal [ERR] of 32768Hz fromthe oscillator
circuit-1 into a signal -6- [ERR] of 1024Hz, a 1/1024 divider circuit 21
whi ch d_wl des theFépgrmll EERRPlPpk Gliggsamyedl ap Empd@iensmf 3R elagrrapig der
circuit *22 which divides the signal [ERR] into a signal [ERR] of 1/10Hz and
a 1/8 divi der téperigre FIFoRALRh tai IIPTEI: IPYFRELODERA qP?ﬁtv'} s¥itdhal [ ERR]
of 1/80Hz. 5 Adriving circuit 3 shapes _the alternatin nal [lERR] for
driving a st eppfildafet GLrPRtY dd8asis s&"ﬂ‘i“?ﬁlya?"ﬁ’ééﬁ%‘?ﬁes el §p| ay

mechani sm 4 includes a Stepper notor, e ain, a seco
ni nut es hand énﬂl"dﬁeﬁo‘ih?uﬁgr?g °°§3P’6’(ﬁ’?ﬁ Bi érzgér‘a ldﬁén‘éﬁr&f’f‘ﬁ& ?’Fﬁ‘{i’l fh%"des
conbi nes sggngl s:.gnalvggél? § 557%%&9”&0%51:!? %Fs)c llbé(:or Circuit 1 into a signal
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divider circuit 2 and produces control signal S to S

ng chart of Figure 2. A tenperature generating circuit 6

Ciss the tenperature of the electronic tinmepiece and delivers a

ill.ustrated 16

plurality of pulses as tenperature data N. A tenperature converting circuit
an of fset adjusting circuré-70 for converting 15 the pul ses
of tenperature data N delivered fromthe tenperature generating circuit 6
to the formof IN- NIl and an.inclination adjusting circuit 71 for

mul tiplying IN- NTI by 128/K2 as will be explained in greater detail
hereafter. $4X efptd2itiar e AP Bavidar elxawipetls ¥bigh Sduidesgiirsdenay
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€ conpensati ng fory conpensating nmenory

g%rﬁ%@é }{a%ear@g{?%&gi B¥hd. A control signal generating

circuit 5 combines signals of various frequencies shaped by the
divider circuit 2 and produces cont~ol signal i- to S10 illustrated

by the timing chart of Figure 2. A temperatﬁre generating circuit

6 detects the temperature of the electronic timepiece and delivers

a plurality of pulses as temperature data N. A temperature converting
circuit 7 comprises an offset adjusting circuit 70 for converting

the pulses of temperature data N delivered from the temperature
generating circuit 6 to the form of lN.- NTl and an inclination
adjusting circuit 71 for multiplying IN - NTI by 128/1(2 as will

be explained in greater detail hereafter. A temperature characteristic

comperisation data generating circuit-e outputs 9 bits of temperature

. a
characteristic compensating data, Dn= ??1n2 which corresponds
to a temperature converting value n = (1—;2 IN-NTD outputted from
2

the temperature converting circuit 7_. A peak rate compensating
memory circuit 9 memorizes 10 bits of compensating data E-E-] for
setting a rate of b séc/day (in equation (1)) at the peak temperature
to zero. The peak rate compensating meﬁory ciicuit 9 comprising

a factory compensating memory circuit 90 which can be preset in

"/
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data fromthe after-sal es service conpensating menory circuit 91. A nini mm .
conpensatiaqn determining circuit 11 deternmines a mni mum conpensation ¢ _m
sec/day. Atinme dividing circuit 12 forns a tinme 10 di vi di ng signal Pcf, "
for conpensating the oscillation frequency of the quartz crystal oscilla
circuit 1 by using the lower 5 bits of 4 bit data delivered fromthe data
selecting circuit 10. Alogic tuning circuit 13 adjusts the rate by

advancing or. retarding the 1/32 divider circuit 20 as determ ned by the

upper 5 bits of 15 data delivered fromthe data selecting circuit 10.

Mor eover the fFABtTACHOED WHERG HEnRLaTERDRLF Eipepipte d§ PRAULAFHEEd2R%i ng a

PROM ang’t he after-sal es service conpensating menory circuit 91 is adjusted
by cutting a.wPi MFepatrieensofvige ciSorReRs iR Bl F1FFR toPhrbd o P8t al
oscillator .cirguit_ 1 is_not conpensated, 20 ., the rate wth respect to
Lemperat ure | s o6 YHEB0A VERY SUFer-eRies SPEVGR: ob ARHARS EHTIcFLAE
coefficient ang.[E Is. the peak tepperature._and b.is the rate of the

peak tenper at ugg.seﬁ%tﬁtﬂsﬂggr&@f"% egeg}jcﬁ CPRYRSSr 2YIRPE e?f"aa'?\?rﬁeﬁ’?/etﬁgﬁe’fart(?ﬁ?
e 2 i SEPCLAMRIEAS LIl diGl' darh, BRI ELIP LGS o AP RRES b2

tenperatureto: erein A
omesor s " RSP M LB, B SIS L
equation is degh¥g%rom the after-sales service compensating memory circuit 91.
.- A minimum compensation determining circuit 11 determines a ginimum
~ compensation c sec/day. A time dividing circuit 12 forms a time
10. dividing signal Pc for compensating the oscillation frequency of
the quartz crystal oscillator circuit 1 by using the lower 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 circﬁit 90 is adjusted
using a PROM and the after-sales service compensating memory circuit
s . 91 is adjusted by cutting a wiring pattern of a circuit block.
When the quartz crystal oscillator circuit 1 is not compensateqd,
20 the rate y with respect to temperature is_given by:
y=-a-+ (0 - QT)Z +Db (sec/day) .' (lf
wherein a is the secondary temperature coefficient and BT is the
peak temperature and b is the rate qf the peak temperature.

The riumber of pulses of temperature data N delivered from the

25  temperature generating circuit 6 approximates with respect to



@ Further, assum ng that terrperattjre data N at the peak tenperature
[ Is [ERR] the follow ng equation is obtained: [ERR] 10 Substituting

equations (2)' and (2) into equation (1), it is. found that when the
quartz crystal oscillator circuit 1 is not conpensated, the rate y
approximates with respect to the teﬁ%érature data N according to the
follow ng equation: [ERR] wherein a' is [ERR] It is found from equation (3)
that in order to obtain a flat tenperature characteristic of the quartz
crystal osci]l r..circuit 1, the value of the tenperature data N obtained
by the terrpetreg?%?aet%gn%?hti'ng cirucit 6 should be conpensated by [ERR] .
sec/day 20 in thegdit 4gifBon of advance. Therefore, i&)order to conpengat e

[ ERR] sec/day by nmeans of the m ni mum conpensation ¢ Sec/day, the nunber of
steps Y is qile2kich BY { ReniOldtOMRREHRH PRE1inERRn WhenPiD { cbnlglicat es
an integral nunber. 25 ' On recel pt "of the tenperature Converting
value n, thedREP&I3hY €he temfrrat@FP GRS 2R00UAt & generating circuit B
outputs the tenperature characteristic conpensating data Dn represented by

the foll @M Nng equeddmOBguation (2) the following equation is derived:

N-B
6 = A

(2)*
Further, assuming that temperature data N at the peak temperature

GT is N_, the following equation is obtained:

T
6 =r B
A

)" | o/

T

10. Substituting equations (2)' and (2)'' into equation (1), it is
found that when the: q:uartz crystal oscillator circuit 1 is .noi_:
compensated, the rate y approximates with respect to the temperature
data N according to the following equation:

y==a' -+ (N - NT)2 + b (sec/day) 3)

15 wherein a' is a/Az.

It is found from equation (3) that in order to obtain a flat
temperature characteristic of the quartz crystal oscillator circuiﬁ

1, the value of the temperature data N obtained by the temperature St

generating cirucit 6 should be compensated by (a' +(N - NT) 2) sec/day

20 in the direction of advance. Therefore, "in qrder to gompensate

.(a' - (N - NT) 2) sec/day by means of the minimum compensation ¢ sec/day,

the number of steps Y is obtained by the following equation:

y=("—'-m‘-n;2) | (4)
_ T
wherein ( indicates an integral humber.

25 On receipt of the temperature tonverting value n, the temperature




[ERR] 5 . In order to generate the tenperature characteristic 7
conpensating data Dn equivalent to the number of steps Y to be conpensateg

t hrough the tenperature characteristic conpensating data generating circ @
8, the tenperature converting value n given by the follow ng equation is
produced by the tenperature converting<ircuit 7: 10

[ERR] Herein, since a' is [ERR] , the value of a is in the range between

0. 0025 and 0.0035 and the value of Ais in the range between 10 and 20.

Thus, it follows that the value of a' is in the range between [ERR] and

[ ERR] ~~\When tchepersrtmgndats (gen@r385/ didcibt 8 pstjuERRfhe thmpeaxaltuee of [ ERR]

I n equa}(bn (6) is in the range between 0.4226 and 1. It is difficult to
arrange a cir charactenistjgr a@mmnsmge@,taaDva#ewesﬁnt@MMGheofONP‘smg

mul tiplied by [ERR]. Thus, the value is nultiplied by [ERR], so that K2

Is in the rangﬁu§@¥Ween 128 nd 303 (rounded up or down to the near est

whol e nunber 20 int @ocoqy nti onal manner as approprlate) (bt ai ni ng

the tenperature daP® N{fToorn®t he tenperature generating @IPCUIt 6, the
tenperature convertin i rcuit 7 perfornms operation of n = [ERR] and
delivers the resul 5t ‘g"d(e}’fet? SPPeYaRCUFRe HRBPRFATHFE TREA e A PPPRMEAE LY

generati ng CI it. 8 when. the te erature data N is optained 25 fromthe

tenperature g& RES 4 RE-IRARTh £ GEHer REPERS, O (H1EPP of3er B (PESensatad, through

characteristi Q:hg r&%@?&tulrg cha%agteDr}.sg%J Ic\éx%peenrétatgr?g tdg.ga nglilerrrlggatln]g c:chult

BN 8, the temperature converting value n given by the following equation
%

_ is produced by the temperature converting circuit 7:
at ’ -
10 A =(J;;—. in - _NT’) | | {6) .
Herein, since a' is a/A", the value of a is in the range

between 0.0025 and 0.0035 and the value of A is in the range between
10 and 20. Thus; it follows that the value_ of a' is in the range
between 0.0025/202 and 0.0035/102. When the maximum value ().0035/102

15 is a’, the value.of \/é-.:: in equation (6) is in the ’range between
0.4226 and 1. It is diffgcult to arrange a circuit configuration
whereby a value of 0.4226 to 1 is multlplled by ‘ N-N ' Thus,

N the value is multiplied by J_.- = -l-(-z—, so that K2 is in the range

between 128 and 303 (rounded up or down to the nearest whole number

20 in the conventional manner as approprlate) . Obtaining the temperature
data N from the temperature generating circuit 6, the temperature
converting circuit 7 performs operat:.on of n= 128 IN - N!lj)
del:.vers the result to the temperature characterist:l.c compensating

data generating circuit 8 when the temperature data N is cbtained

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



é(% Y to be conpensated, which is obtained fromequation (4), .is
ettt ed fromthe tenperature characteristic conpensati on data generating
ci-rciit 8. 5 Ref erence is now nade to Figure 3, where an exanpl e of
the circuit arrangenent and circuit _ggnnection of each of the tenperature
generating circuit 6, the tenperature converting circuit 7 and the
tenperature characteristic conpensation data generating circuit 8 are
shown. 10 The tenperature generating circuit 6 conprises a

t enper at ur eshaeRSt 13 sOEE icohpérdat Chd @ata 160 guindlant ANDtign hembé? of The
tenperature sensing oscillator circuit 601 operates only when the control
signal Sl iguegktedol be &cmpensatal, Ghdchsis’ bbtdimed| framneadatgonsd@dl | ati on .
frequency f approxinmates with respect to tenperature in accordance 15 -
with the fald eutpirtequitomothe [teRBdranhes chArachediSicacempansation §atahe gate
602 passes an output pul se of the tenperature sensing oscillator circuit
601 only whgmetratingopiyaditsBgnal [ERR] inputted to a termnal 603 is "H'

| evel . The 20 nunber of pul ses passed through the AND gate 602 is given
by equatsi on (2) Referenemdsrepy sgédatts Figurechpahgrera® exa®ple|of Fpew of the
variation of A" in equation (7), the width of ‘the control signal S2 is set
so that thecirsnie asrapygmeng Fo¥Fuds) cordeghinh 8f $37Rn°4 ¢he tPuPRTure
enbodi nent, the value of A is greater than 40, so 25 t,haI, atnlae wi dt h of
t he contr O|_ge§egﬂ%}nq ERFﬂulltSGO.% %eéq?_erature convertlgg Circuit

the temperature characﬁeristic compensation data generating circuit

8 are shown. : | | N ' gnJ
10 The temperaturé generating circuit 6 comprises a temperature

sensing oscillator circuit 601 and an AND'gate-BOZ. The temperature

sensing oscillator circuit 601 operates only when the control signal

s1 inputted to a term;nal 604 is "H" levei,-and the oscillation

frequency f approximates with reﬁpect to temperatﬁre in accordance
15 with the following equation:

£=12'0+B S,
where A' and B' are constants. The gate 602 passes an output pulse
of the temperature sensing oscillator circuit 601 only when the

control signal §, inputted to a terminal 603 is "H" level. The

2
20 number of pulses passed through the AND gate 602 is given by equation
(2) above and represents the temperature data. In view of the
variation of A' in eguation (7), the width of the control signal

S. is set so that the value of A in equation (2) is greater than

2
10. In this embodiment, the value of A' is greater than 40, so

25 that the width of the control signal 52 is 0.25 sec.




An of fset adjusting circuit 70, whi ch is included in the tenperature 2
converting.circuit 7, conprises a PROM 701 for nenorizing an 11-bit offset%?

adj usting val ue [ERR] a presettabl e up-counter 702, an inverter 703 and
exclusive OR gates (hereinafter referred to 5 as EX-OR gates) 704 to 71§
The val ue of the offset adjusting value-{£RR] is witten into the PROM 701
and this value is inputted to the presettable up-counter 702 at the nonent
when the control signal [ERR] applied to a term nal 724 becones "H' | evel.
The presettabl e up-counter 702 counts the pul ses passed by the 10 10 AND
gate 602 after the ambfiesatl afildtling cipeeset70, Muish iha@nvnldea iephesented by
out put \t-/e’rm nals Q to QL1 of the presettable up-counter 702 after the
count of pul sesmpbrdturet comperaing eictatia N kespnzes | £RRDM 70Th o akueriafing
10-bit data represented by outputs of the EX-OR gates 704 to 713 is the

i nverted val ueanl31-bigf offeetoed usténqitvatee N, nad Prieb&Rjable YrERRInteieTPZan
output at the termnal of the presettable up counter 702 is "L" level.

Whi | e, when t hen dnvenkerolO3 hed texchnsivle OR gates (hereinafber refierned| te of
10-bit data becones the val ue represented by the outputs at the termnals
[ERR] to [BRR|2® FhtRemstes) TAd teal i r Epe avdne &f BYe Ofésuppinsbing 20 the
EX-OR gates 704 to 713 begpmes [ERR]...An inclination adiustl ng. Ci rcwt 71,
whi ch i's incl Utddeify fhéztenp%f]atlﬁr‘érlééﬁ%é"f:?n"d’ec??%lm Andc s vabue
presettabl e down- counter 714, a RS fli circuit 715 wherein a set
signal is pref&r Fﬁﬂ‘tt&dh@tﬁﬁt%‘e?iﬁtab,&ﬁ[}? tei‘l?c’z?fg the, mopentolhieer 719,

o TR T30 o a0 e ol o Lo sl s Lo

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

10 AND gate 602 after the value.of.[zlo - NT] is.preset.. Thus, the
value.represented by output terﬁinals Q1 to Qil of the presettable
up-countexr 702 after the count.of pulses of tﬁe temperature data
_N becomes [210-- N& ¥ N]. The value of 10-bit data represented
by outputs of the EX~OR gates 704 to 713 is the inverted value

15 of the outputs at terminals Q1 to QIO when an output at the terminal

7T
the output of the terminal Q11 is "B" level, the value of 10-bit

of the presettable up-counter 702 is "IL" level. While, when

data becemes the value rebresentea by the oetptts at the terminals
Ql_tO'Qlo. Therefore, the value represented by the outputs of
20 the EX~OR gates 704 to 713 becomes.[lzio - NT + N - 210l] = [In - Nif].
An inclinatioﬁ.adjusting circuit 71, which is ineluded in
the temperature.convefting ¢ircuit 7, comprises a presettable down-~-
counter 714, R-s flip-flop circuit 715 wherein a set signal is
preferred, a NOR gate 716, AND gates 717 718, an up-counter 719,

25 a PROM 720 for memorizing 9-b1t 1nc11natlon adjusting value K2, a

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



=oqounters 719,723 are reset to zero by the control signal SO.fed to a
t.al 724. The value [ERR] represented by the outputs of the EX-OR gates
70470 713 is inputted to the presettable down-counter 714 5 at the nonent
when the control signal S3 inputted Ltpa termnal 725 becones "H' |evel.

An output of the RS flip-flop 715 is "H' level fromthe nonent when the
control signal [ERR] becones "H' level until the signal [ERR] applied to a
termnal 726 is inputted by [ERR] pul ses through the AND gate 717 to a CP
term nal of tBuntdrBe7¥,a38tdmbleselown 400 e khé ldbnk Bl tdi@né)ll'fs%uf&i at

term nal to [ERR] thereof beconmes "L" |evel .and the output "of the NOR
gate 716 beceses temnitravebs. During this period the AND gate 718 passesglhe
signal [ERR] applied to a term.nal 727. Therefore, the nunber of pul'ses
passi ng through tmbeANDugall¥ 718 lils rePiBentdd bpstiteheutifuts ofirtherEpORpul ses
passi ng through the AND gate 717, nanely [ERR]. pul ses. Being reset by the
control signakté¢ERRE tch@ldoimtioputted &1 ahe presettablg ddwa-penrdes WH ch pass
t hrough the AND gate 718. Wen the count coincides-with the inclination

adj ust i ngs valabetjeEmppentr Wherkhg(contrpl ¢ighel PROVMIPPEEEA 48 BUREIBLNEQ of the
coi nci dence detector circuit 721 is "H' level and the counter 719 is again
reset, therely>thREOREHDE Vel meAp PrEPWSuPHheERYSHf1ERifdep dBitcés ddt"ect or

circuit 721 is "H' level is - [ERR]. Therefore, the tenperature converting
level from the moment when the control signal S, becomes "H" level

until the signal ¢256 applied to a terminal 726 is inputted by

(IN - NT|] pulses throggh the AND gate 717 ts a CP terminal of Q_J
10 thepresettabledowﬁfcounter 714 and the 6u£puts at terﬁinal Q1 to

Q9 thereof becomes.“Lﬁ level and fhé putput'éfgéhe NOR gate 716

becomes "H" 1evél.. Dﬁring this perioa the AND gate 718 passes

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

32768
256

15 number_of pulses passing through the AND gate 717, namely

of pulses passing_ﬁhrough the AND gate 718 is times the
[128 x |N - NTl] pul#es.
.Being reset by the control signal SO; the counter 719 starts
counting the pulses which pass throuéh the AND gate 718. When
the count coincides with the inélination adjusting value K2 written
20 into the PROM 72;, an output EQ of the coincidence detector circuit
721 is "H" level and the counter 719 is again reset, thereby the
number of times the output EQ of coincidenée detector circuit 721
is "H" level is (l%Q.IN - Nra . Thereﬁore, the témperature converting
value n_representedzby the outputs at terminals 91 to Qg of the

25 counter 723 is also (—Li—:- N -_NTl) .



-

value n represented by the outputs at termnals [ERR] to [ERR] of the 25 ffff\
counter 723 is al so [ ERR] -13- The tenperature characteristic /ax
conpensation data generating circuit 8 conprises a latch circuit 802 and
mask ROM 801 constructed in 9-bit x 30Q_words which is addressed by outp
at the termnals [ERR] to [ERR] of theldounter 723. The t enperat ure
characteristic 5 conpensation data Dn represented by the above equation (5)
is witten into address n of the nask ROM 801 and the data is outputted
when the control signal S$S4 in t t fermnal 803 is."H' |evel . The
[atch circurt 802 b § epperoRBH (cRlrdcteRr Gl Atenfibichoaad] qefdiland I b
of thewwask for .SEcOo 1ti.l thefol ] quw i

outputt b It Wb SotprRn ¥ tasth siretinebg anirs ki PRl Tenbrmuered,

charact eri st ¢, £ GIRRISALLONGIAL A AUl BHIL el NOTLLAS LOPRRAT UG

. . als
characteristic conpensation data generating cir IS equal to tﬂe

nunber of conMPENSAL hNGSERPTintPTEFENTRE RYpEHALE Whatacterifdsc [ERR 1IN
t hi s enbodi nent! of &h el ectronic tinmepiece according to the present

i nvention, g atgofRAPANSAldRE be RBLEAUNBE 1Y the 2rBL | Qdalionl Q55 460N RAT
conpensati on of tenperature characteristic, peak 25 rate for-a factory

and peak rateinty addiedb- §VLOEnS Ra¥k GOMALGL 288 POet Bxed Y s NRIthat £&0 when
i ndependently at different timng. Conpensation

the control signal S4 inputted to a terminal 803 is "H" level.

The latch circuit 802 holds the temperature characteristic compensation

data Dn of the mask ROM 801 for BO seconds until the following
10 data is outputted.

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

15 (4).-
al
bn = 0 .n2
c
al .
=0 128 2
N\ "t ) .
e -(E-IN-NTI)
al atl 0 2
20 =c car-® - Ny
a' 0 2

In this embodiment of an electronic timepiece according to
the present invention, rate gompensa;ibn is perfqrmed with a period
of 10 seconds and compensation of temperature chara;teristic, peak

25 rate for a factory and peak rafe for_after-sales éervice are

respectively performed independently at different timing. Compensation



s performed by logic tuning to an accuracy of [ERR] sec/day and is
“&Rer perfornmed by ON and OFF action of a swtch 107 (Figure 6) of the
quartZ crystal oscillator circuit 1 to an accuracy of about [ERR] s€c/ day.
5 ' Figure 4 is a circuit diagramof the data selecting circuit 10.
9-bit tenperature characteristic conpensating data outputted fromtermnals
804 to 812 in Figure 3 is inputted to termnals 1041 to 1049. The factory
conpensating nmenory circuit 90 is a 10-bit peak rate conpensation nmenory
circuit who e ol tted. t } nal.s 105] 86404060,

Furt her, thzgaéterg%gs% gg lsoé?\‘;l%déﬁﬁgn%rgnc%cggﬁgg? 32768 10-19i t —pgéﬁeyat,_e
conpensati o ORI 5 & CELLLy u | g r Qg + 106t o
1070. d ockg inveér{rtlée:rlé ﬁ%%f@??e%ﬁ%gegr ?kﬁgn%\lr&?o%&go%gﬁ %d%’i‘%% se'g%ﬁds
when the corpf OdFiﬁ-bﬂ!‘%') SERRE quaht £ ey AN RISES BXhtb® & bei¢ningb 081 is 15
"H' level, and deliver theetgggigrature characteristic conpensation data via
inverters 1@adudaRylOft@nber thal 6.00821sdcyadp80. C ocked inverters 1011 to
1021 are held ON for a peri od?of 2 seconds when the control signal [ERR],
whi ch issinputtegifereast &5 ¥ 6tcui@8fiagram 'df' the\Grka s¥ldceitld ¢efcdilie peak
rate conpensating data for a factory 20 via the inverters 1031 to 1040 to
the term nalie. 1@7bit cehf&fituréwhahactertbtidk ednpensatimy Qatdd dhtpar+2830 are
held ON in a renmaining period of 6 seconds when the control signal [ERR],
whi ch i s | nfutn gedrminadst 8itnaB8121 08 Figuse "His| npultteditd thximivels t he peak
rate conpensati ng - _

1041 to 1049. The factory compensating memory circuit 90 is a

10-bit peak rate compgnsation memory circuit whose outputs are \uj
10 inputted to terminéls.lOSl to 1060. Further,:the after-sales service

memory circuit 91 is-a'lo—bit peak rate cémpeqsation memory cifcﬁit

whose outputs are inpptted to terminal 1061 to 1070. Clocked

inverters 1001 to 1010 are held ON for a period of 2 seconds when

the control signal §_, which is inputted to a terminal 1081 is

5
15 "H" level, and deliver the temperature chéracteristic compensation
data via inverfers 1031 to 1040 to terminals 1071 to 1080. Clocked
inverters 10il1 to 1021 are held ON for a period of 2 seconds when
the control signal sz which is inputted to a terminal 1082, is ' &;J
"g" level, and deliver the peak rate compensating data for a factory
20 via the inverters 1031 to 1040 to the terpingls 1071 to 1080. Further,
clocked inverters 1021 to 1030 are held ON in a remaiﬁing period
of 6 secénds when the control signal s7, which is inputted to a
teminal 1083, is "H“'levél, and deliver the.peak rate compensating

data for after-sales service via the inverters 1031 to 1040 to

25 the terminals 1071 to 1080.



data for after-sales service via the inverters 1031 to 1040 to 25 the
termnals 1071 to 1080. Figure 5 illustrates the m ni num conpensation £
"determining circuit 11 in greater. detail. The m ni nrum conpensati on
determning circuit 11 conprises an up-counter 1101, a PROM 1102 for
“menorizing a 5-bit mni mum conpensati OQISQeterm' ni ng val ue K3, a coincidence
5 detector circuit 1103, and an OR gate 1104. Wen the counter 1101
counts the signal [ERR] inputted to a term nal 1105 K3 tinmes, an out put
signal P at a termnal EQ of the coincidence detector circuit 1103 becones

"H and~the up- COU”%Pux.]elgliiﬁas"t?é@ets- {10 n1 el BomiddEatUN B erplifly SO

inputt'éﬂd(___'f-o a termnal 1106 becones "E" |evel 10 and the up-counter 1101

is once Teset, .9p&,keii O gieddee $d:@Ra! [hERL:Ahub NenPbidiiod HetlbARhiFR Of
the coincidence detector circuit 1103 is thus [ ERR] seconds. The tine
dividing Circuichrddtas: ShRpPidds bh GpBointe@NI015ES pRok 0l 1021 ESN Genél8LERG OF
circuit 1201, an up-counter 1202, an OR 15  gate 1203 and a RS flip-flop
circuit 1204 i a $MbidchmonimsCéonpedsitioh Sdddeehihgdvailer K] ,nal Soihk@ferdce 1210
are connected to receive the lower 5-bit data fromthe termnals 1071 to
1075 (Fi gurg 4petéctidrecibftubt (1103} carsiche CRegatyy 1104, duhen Thkesdunbgr AIOLUI t
10. On the assunption that the value represented by the |lower 5-bit data 20
is m when the coprtootihe erigh20 23266 Uitpettdi tei grakmrlby106 Byl sleesafdarer being
reset by the control signal . S9 inputted to a term nal 1205, the output at
term nal EQ of cuhentcsigndldégod detemiinel ERrefiithe coincidence detector circuit

\“} 1103 becomes "H" and the up-counter 1101 is reset. Thus, after

the control signal § inputtéd to a terminal 1106 becomes "H" level

9
10 and the up-counter 1101 is once reset, one period of the signal
PO at.the outiét terminal EQ of the coincidence detector circuit
1103 is thus 5%3 seconds.
The ﬁiﬁe diﬁiding circu;t 12 as shown in'Figure 5 comprises
‘a coincidence detector circuit 1201, an'up-counter 1202, an OR
15 gate 1203 aﬁd a R-S flip~flop circuit 1204 in which a reset signal
is pfeferfed. .Terminals'1206 to 1210 are connected to receive
the lower 5-bit data from the terminals 1071 to 1075 (Figure 4)
of the iO-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.tp-qounter 1202 counts the signal P0 by m pulses

after being reset by the control signal §_, inputted to a terminal

9
1205, the outpﬁt at terminal EQ of the coincidence detector circuit

1201 becomes "H" level. The time dividin§ signal Pc is set by

the control signal §_, inputted to the terminal 1205. _The time

9
25 dividing signal.Pc is reset when the oﬁtput'at the terminal EQ



ecomes "H' level. The tine dividi ng signal Pc is set by the control
[ERR] inputted to the termnal 1205. The tinme 25 di vi di ng si gnal

reset when the output at the term nal EQ -16- of the coincidence
detector 1201 becomes "H' level or the control si gnal [ERR] inputted to a
terminal 1211 becones "H' level. Ther¥ore, the. time when the tine

di viding signal Pc beconmes "H' level is K3 .msec. Here, it is assuned
that the tenperature characteristic 5 corrpensation dat a represent ed by

t he term nal 06 to R krate,,p ati ng dat ra
factory is a%ée PEART aef’gec%r%g "] 1?@5 SEig oﬁ aetVSr- altgg se?]\r/?iée is
[ERR] [ERR] i.s_i cate the | ISt nds_of Jthe, ¢ e od
of 10 seconcfs nf\{; ]m%u | n i Caf e i ﬁeﬁggx sc mgsec%)!ndlsevgrgg t ’f%ﬁ u

i ndi cat ed 10315. ol the, t%g%mensléiaﬁggaggﬁle pg Sl 40 1L hést 4

seconds of the remaining second |ng sl gna becones "L"

| evel by th&ogtge@ Sﬁél%a' 14 5BRhssunbg 4 Ay V#]J}%tu@%hgwatdm&ﬁl gnal

Pc becomes "236°| evel [ERR sec and t e tinme en the tinme dividing
si gnal P‘% a"tl:tlc'anldaa\fzﬁl rdpresedtel by the tedlRafiande tof Yoicakhgoscill ator
circuit oscillates at the rate of (y + Ay) sec/day when the S|gnal Pc is
"H' level, apng 9@@4 irb6d @ompéndadtend Fala Ofory a SEctday iehe) 4@ peéax’ katd evel .
Ther ef or e, tHe rate conpensated by the tine dividing s%gnal Pc is given by

t he foll ow ngmpansiting:data for after-sales service is my, m, is indicated

in the first 2 seconds of the compensating period of 10 seconds,

m2 is indicated in the next 2 seconds and then m3 is indicated o/

10 for the remaining 6 seconds. Since during the last 4 seconds of
the remaining 6 seconds, the time dividing signal Pc becomes "L

+ the time when the time dividing

K3 {m +m2+m3)

256

level by the control signal S8

signal Pc becomes "H" level is sec and the time when

: K3 (m +m2+m3) l
the_time dividing signal Pc becomes "L" level is {10 256 )sec.
15 The quartz crystal oscillator circuit 1 oscillates at the rate of
(v + Ay) 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 (mg+mo+my) K3(m1+m2+m3)}
20 ) F——pg tyX {10 - T 7% _
10 ¥
K3(m1+m +my ) Ay sec/day . (8)
2560
From eguation (8) minimum compensation ¢ is given by:
= 3 :
C= .2560.Ay sec/day _ (%)

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




20  [ERR] Fromequation (8) mninmum conpensation ¢ is given by: [ERR] .In:.
thi s enbodi nent the m ni mum conpensation c is 0.2637/32 sec/ day. -17- 4
Thus it is preferable that the value [ERR] obtained by the follow ng
equation is witten into the PROM 1102: [ERR] Figure 6 is a circuit diag
of the quartz crystal oscillator 5 ctrouit 1. The quartz crystal
oscillator circuit 1 conprises a tuning fork type crystal vibrator 101 cut
at an angle of +5 with respect to the X axis, an oscillation inverter 102,
a ballast resistor 103, a negative feedback resistor 104, gate capacitors
105, 106 an i rihest & isoprefavebler nhathape Nplbe XK., phtainwdt loh the 7fcdllpedrdy
referred™0 to and a switch 108 which is ‘capabl e of being sw tched by
the sw tch 107guatberdifferigtnen finbgudrecPR® ¢102he signal [ERR] at a termnal
110 depend upon the ON of the switch 107. Wen the tine

di vidi ng signal Pc ¥gd Uﬂggffﬁﬁ?%gf 11 is "L" levelll®0the oscillator
oscillates with a snaller rate y secfday. Wile, 15 when t he signal Pc is
"H level, oscill atTigNre$ gert cineditadizgrgmeaf dherquarte \crystERREFLILEEPHaY .
The capacitance of the sw tching capacitor 108 is determned in such a
manner thaf t H&¥§aitud - of THEERRIT42s chRtald SR a0k grcuihah ORRHSPR1D/ 2 =

1. 3185 sec/.day since cgnpensation IS Qerformed for 2 secqnds 0%5 10
seconds. tuning fork type crystal vibrator 101 cut at an angle of + h

e
respect‘tb the X axis, an oscillation inverter 102, a ballast resistor
103, a neéative feedback resistor 104, gate capacitors 105,106,
an inverter for waveform shaping 109, the switch 107 already referred

10 to and a switch 108 which is capable of being switched by the

"~ switch 107. Two differént frequencies of the signal ¢32K at a
terminal 110 depend upon the ON and OFF states of the switch 107.
When the time dividing signal Pc fed to a terminal 111 is "L" level,

" the oscillator oscillates with a smaller rate y sec/day. While,

15 when the signal Pc is "H" level, oscillation i; performed at a
greater rate (y + Ay) sec/day. The capacitance of the switching
capacitor 108 is determined in such a manner that the value of

k~j Ay is necessarily 1ar§er than 0.2637X10/2 = 1.3185 sec/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 logic tuning circuit 13. The logic tuning Eircuit 13
comprises AND gates 1301 to 1305. The 1/32 divider circuit comprises
an input terminal 206, 1/2 divider circuits 201 to 204 with set
-terminals S, a 1/2 divider circuit 205 with a reset terminal R

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



0@ Figure 7 is a circuit diagramof the 1/32 divider circuit 20 and
t he=dggic tuning circuit 13. The logic tuning circuit 13 conprises AND
gat €s 1301 to 1305. The 1/32 divider circuit conprises an input term nal
206, 1/2 divider circuits 201 to 204 with set termnals S, a 1/2 divider
circuit 205 with a reset termnal R!¥¥5 and an output terninal 207. At

t he nonent when the control signal S I nputted to a termnal 1311
becones "H' level, the 1/32 divider 10 circuit 20 is set to the state of
advance or delay determ ned_by.in ta of ternnals 130 1310 of the
| ogi ¢ tuni ngsmi ¥’é‘tﬁ%ttte‘i3t.° ﬁpf)ee%l?g%lg;?e?ﬁﬁ%ng t _eé'e&ﬂt'ilﬂft ?é%ﬁogl&‘%trhg,gat a
selecting 5 o, ehroul; 10.d.5cd nputLed.to Lhg.der ol nalg, 199040, B340 ™
Conpensati on~according to e 4538 pertorimed once ﬁer T E8Cords.

Lot kI e RS D g S

conpensati ng ta applie erm nal's 0 peak rate

compensat i ng; flat gdidr s Lae! aide AAPhd Bfle LSeblie duBhrifho 1ARG LOcL30G, 10 i

k2, peak rate conpensating data for after-sales service applied to the

term nal g 130600 1309s i iipkiBredd 88K et Eni AN NS08 1120 1870.2 EQEphet QY :
applied to the term nal 1510 I's [ERR] and peak rate conpensating data for

after-sal es fRb¥aGR 8PMHeCdatd ikhSerrBridd18hcd PLY 105.skESHds . COfRRREsMd, 0N due
to logic tuning is given by the follow ng 15 equation: [ERR] From

equati ons ( &n tRe (abbimpivhctisal LR tehpd it ut@lchakSct@riStic compensating

data applied to the terminals 1306 to 1309 is k,, peak rate

1 _
compensating data for factory applied to the terminal 1306 to 1309

o

10 is k2, peak rate compensating data for after-sales service applied

to the terminals 1306 to 1309 is k,, peak rate compensating data

3
for factory applied to the terminal 1310 is 22 and peak rate
compensating data for after-sales service applied to the terminal
1310 is 23, compensaﬁion due to logic tuning is given by the following

15 equation:

0.2637 X {Ck1+k2+k3)-32 b (£é+23{} (seé/day) (11)
From equations (8) to (11) compensation of the rate is given

by the following equation: ' 4

0.2637
32 2

- 1024 X (2,+2)} (sec/day) - - (12)

X {(m1+m2+m3) + 32 X (k1+k +k3)

20
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 raté, rates yl,yz,y3 corresponding to three known

temperatures 61,62,63, and the number of pulses N ,N3 of the

17Ny

25 temperature data respectively at these temperatures are measured and



by the follow-ng equation: [ERR] 20 in order to obtain the value of a', NT*}
and b in the equation (3) which are necessary for adjusting tenperature &7 °
characteristic and the peak rate, rates [ERR] corresponding to three kgt
tenperatures [ERR] and the nunber of pulses [ERR] of the 25 t enper at
data respectively at these tenperatured9are neasured and -19- the
foll ow ng sinmultaneous equations are solved: 2 [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 exact
t enperatyre entis afkkaving Rumubeaneous mauativmsdaltd epéves in the rate Ay
requiféqffor adj usting the m-ni numyconpensation is alnost equal in al
ranges of tenperatwe= mdas@jemdhd at P10 tenperature of above [ERR] can
be perforned. Based on the valuessof a', [ERR], b and [ERR] which are
obtained in the abo¥e “mafme™, TR f ot ®wi ng cal cul ati on can be EerL%ERngl
ERR] 15 The val ues obtained are respectively witten into the ,
%he LRCNI?ZO, the PROM 1302Nand Nehe® Pact ory conpensating n@fdry circuit 90,

. ' nt.of tenperature characteristic, mnimm
ther eby adJSUSt]glet is ca C{H)ation the data at temperature 0 is not required,

thus it is not necessary.to know the exaét temperature and also

to adjust exact'temperature environment. Further, since the difference
- in the rate Ay required for adjﬁSting the minimum compensation

'is almost équal in all ranges of temperature, measurement at

10 temperature of above ei,ez, and 93 can be perfo?med. Based on the
values of a', N, b and Ay which are obtained in the above ﬁanner,
the folowing calculation can be performed:
'

X, (210 ) N-r)’ K, = (128 x\/;) .

_{0.00824 % 2560 (.2
K3 _'( Ay )’ Ky = (T c:)'

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

the PROM 720, the PROM 1102 and the factory compensating memory
circuit 90, thereby adjustment of temperature characgeristic, minimum
s | cohpensation and peak rate adjustment can be effected. This measurement
 and adjustment are performéd electronically and can be automated
20 so that cost for adjustment is small.

As noted above, in the electronic timepiece witﬂ temperature
compensation facility, based upon the fact that the rate ¥ is
represénted by eguation (3) with respect to the value of temperature
data N, N' =[N - N&I is obtained by the offset adjusting circuit

25 70 and the temperature converting value n = 1§§.N:) is obtained

_ _ 2
by the inclination adjusting circuit 71. Therefore, the value of



ez

pefsati on and peak rate adjustnment can be effected. This neasurenent and
yyment are perforned electronically and can be automated 20 so that
for adjustnment is small. As noted above, in the electronic tinmepiece
Wi th tenperature conpensation facil i_t%],_ based upon the fact that the rate y
is represented by equation (3) with réspect to the value of tenperature
data N, [ERR] is obtained by the offset adjusting circuit 25 70 and the
tenperature converting value n = [ERR] is obtained by the 'ancli ation

A ust 00, O} Hidsendar DETRROLE 02 L0 Bl Bhang a2fs o |LOTRE] GuLe
characteristic conpensating data - P WhTEh OTE Wi t @nlnoaofblr.g,ssn

of the mask fo f ' t eps AY X
B IRpasaceaiel 19 SO TIGE @ OmERSal ot

gi ven by the equation ereby a aracteristit is

realised. 5 tne numbed Wt Sfpentdia ol NPy ?%ﬁ%ﬁ%@%qlqgéﬂnm(ﬂi Ngngi reuit
11 5 sets the m ni num conpensation ¢ Sec/day to'the value of 1/2 of 0.2637
sec/ day bei ngndheyn @1%%&%@%&é}@ia@t’eﬁ%i@.ﬂsuﬂéﬂﬂse@ﬁﬁm y, It 1s set
to 0.00824 sec/day. Thus, the peak rate is sufficiently conpensated to the
accuracy g equi r edphthekhecniesi fi@mn 1&bmpedsdiidh dedeeminingr éehagpra, the
anplitude of the tenperature characteristic after conpensation is far

smal | er thanséfmthbyniaihym lcogbensatibm@. séé/dagVves the maaaecxrf.damz% ofith this
enbodi nent, when peak rate adjustnent is necessary because of aging or
failure by 0.2637 sec/day being the minimum compensation by logic tuning,

namely, it is sef to 0.00824 sec/day. Thus, the peak rate is
sufficiently compensated to the accuracy required for the desired "/
10 annual rate. Furthermore, the amplitude of the temperature
characferistic after compensation is far smal;er than that by only
logic tuning. Moreover, in accordance with ;his embodiment, when
peak rate adjustment is necessary because of aging or failure by
cutting the patternof after-sales service memory circuit 91, adjustment
15 is precisgly and quickly done in the same manner as logic tuning
even in a general watchmaker's Premises.
It will be appreciated that whilst compensation by each set
of data is independently performed at different timing it is also 1,
possible to employ é method where the ddta is added by use of an
20 adding circuit.
In the electronic timepiece according to the preéent invention
and described above with a temperature compensation facility,
variation in the offset amount of the temperature valpes and in
peak temperature of guartz crystal vibraﬁors can be adjusted by
25 an offset adjusting circuit, and the variations in the inclination

of temperature value and in the secondary temperature coefficients



-

cutting the patternof after-sales service nenory circuit 91, adjustnmentlS
is precisely and quickly done in the same manner as |logic tuning even 3
general watchmaker's premises. It will be appreciated that whil st
conpensati on by each set of data is independently perforned at differg
timng it is also possible to enpl oy 2?et hod where the data is added y
use of an 20 adding circuit. In the electronic tinepiece according to the
present invention and descri bed above with a tenperature conpensation
facility, vari tion i.n_the off el, amunt of the.te rature, val.ues and in

ner at |
peak tehperat 3Fe"Bt WuER SRV W V|%?satCS?sbecﬁﬂJ‘ffécegdlj’yuﬂe’on n3Eon an

of f set ~adj ust igg, Qe UL{c, P S AEL ALhoDS, 100G LAGhIDA 110D Yo
tenperature valte and 1n the secondary’ tenperature coefricients -21- of
the quartz crygtfl, ¢ 0L S HAR [ US ' ' ' adj usti ng
circuit. Theref or.rg, ?’Eﬁ%& %nfg’ntf%ﬁéﬁéa I%%’ggeaaﬁggi %dg&@{_%ﬁ}%{a I ntegration
to produce tenBraiWE end Bat AGhet isitel @of"l‘ﬁgeaﬁﬁ%;%igﬂ@s oyl fabbg.dor the
characteristics of the rate 5 and tenperature of each tinepiece, w thout
using a spgci ahgOttdbbZattirkSdBleath RiRbSIecW, ) t3BEE sl fig REBKe 4 RPGEALYr € and
secondary coefficient characteristics. As a result, |owpriced and

smal | -si zed ticEpPi=aCesbratohiWgkhPSRG 81O ek & cmpatdtned. afdUEbd@arys Noted
above, the electronic.timepiece my be 10 of high precision by providing
a first conpersaffietiest rchardctelistdics. As a result, low-priced and small-sized

- timepieces of high precision are realised.

] N
\-/» . . . )
Further, as noted above, the electronic timepiece may be

10 of high'precision by providing a first compensation circuit which
controls the oscillétor circuit by the lower M-bit data and compehsa;é;
the rate adjustment and a second compensation circuit which controls
the divider circuit with the'rqnaining upper bits of data, the
rate compensation data and then compensates the rate. 1In addition,

15 there is provided means wherein the minimum compensation of the
first compensation cirguit is set t°‘§%ﬁ°f the minimum compensation
of the second compensation circuit. Therefore, when the value

K,J ' of the rate compensation data represented_as D-bit data is d, the
value represented by the lower M-bit of the D-bit data is m, the

20 value represented by the remaining X-bit is k and the minimum
compensation of the second coméensation circuit is g sec/day, the

compensation is represented by (—gum+g.k) = —ﬁ»(m+2mk) =3 d sec/day,

M M’
2 2 2
so that digital tuning having a resolution of —ﬁ-sec/day and adjusting
2
width of (—ﬁuZD) = (g.2K) sec/day is achieved.

2
25 As shown in the above embodiments, in the case when the first



W}s the oscillator circuit by the lower Mbit data and conpensates the -
1dj ust mrent and a second conpensation circuit which controls the,
divider circuit with the renaining upper bits of data, the rate

conpensati on data and then conpensates-2the rate. In addition, 15 there is
provi ded neans wherein the m ni num conpensation of the first conpensation
circuit is set to of the m ni mum conpensati on of the second conpensati on
circuit. Therefore, when the value of the rate conpensation data

represent ed asd [Bebbhd dehpensatdon tdiecwitisuere ephesellieddbp\b-bive daoweand\t bit  of
the D-bit data is m the 20 value represented by the remaining K-bit 4s k
and the m ni knmdompensatparsadion wédsecdnthe crpems abmpenseti@uict résity \.f
sec/ day, the conpensation is represented by [ERR] sec/day, so that digital
t uni ng havi ngs & .2636|seci/day ofe FEQRFISWGawe&th dujvasy i mgesplithonf [ ERR]

sec/day is achigwedy 25 : As shown in the above enbodinents, in the
case when theffrrgr— = 0- Q@azﬁﬁﬂc/ﬁ&oﬂﬂnﬂéiﬁ@n?ﬁté GA1BPS% GRPACIAPE control | ed
by 5-bit data and the nini num conpensation w g of the second conpensati on

circuit i3 022@3preecriiagting uidih af -#8PAg ﬁetﬁcﬁj‘lﬁ%.%‘fg da¥ d8ol uti on
0. 2637 of [ERR%l— Q. 00824 sec/ day eqw valent to-a trimrer capacitor 5 and
| ar ge adj ust Ffi ifeft h of 0.2637 x 25 = 8.4384 sec/ day is realised.

Therefore, the elgclionic ér{e”EPecetromc Gk t&é&&&é %2%Ble present

invention and described above achieves rate adjustment to a high
degree of accuracy, precisely and guickly. .Further, since the ;_j
10 trimmerxr capacity'is:not used, there is no chénge of the_rate
due to féilure ox.hﬁmidity change and a small-sized timepiece
is also realised. | Se'l\m’ Np 2190 2 1§
Attention is drawn to British Patent Application No. 8710556£

in which protection is sought for matter described in this

15 specification.

20



|nvent|on and- descri bed above achieves rate adjustnent to a high degree of
accuracy, precisely and quickly. Further, since the 10 Trimmer capacity is

not used, there is no change of the rate due t d|ty haoe .
and a srraII-S|zed timepiece is also real ﬁ”m IH ﬁlﬂll i) sh

Pat ent Application No. 8710556/ in whi cﬁ rote soug ‘
described in this 15 specification. 20 -23- CLA I\/IS 1. An eI ect ro
ti mepi ece conprising: a tenperature si gndiMjenerati ng neans for producing a
tenperature signal representative of tenperature; tenperature signal
converti ng melans Barglersrongcaninspiees caupristingg adamperfagureidiigsel ng an

of f seti_amount of said 5 tenperature signal and including a PROM for storing
the of fSet arEsBAra®ing meansEPr rRFCRBALRgd pUBRTRERAtUREa ASITIdr TeRHeESREAG Ve
inclination of said tenperature signal and including a PROMfor storing the
adj ust ed i ncl9EnAETFRATALHI ¢in SROPEAALEE? SHIBAL GMYSFHNS BARTARBRTE8HYat a
corresponding to_a tenperature converted val ue produced by 10 sai d

t enper at ur e sﬁ”gﬁgfs"t,‘oﬁéé‘ﬁqlﬂg W‘F@&ﬁsf“aﬁﬂmt‘%ﬁ‘é’gcﬂhﬁéﬁ%%& |aH©“’PFeaﬁss?‘8r
conpensating a rate of the c. tinmepiece_in accord th the rate

ectr, on
‘conpensat Pon ‘FAPETEITe sﬁf‘a I %‘l‘i r18ﬁ ing 2 Rt Ys sE?’a’r"r?e%“? r‘?f%%%ﬁ m 1

including a amount and an 1nc11nati6n adjustment means for adjusting inclination

of said temperature signal and including a PROM for storing the
adjusted inclination; a mask ROM for producing rate compensation
‘data corresponding to a temperature converted value produced by
10 said temperature siqu} convérting means; and rate compensating
means for compensating”a rate of the electronic timepiece in
accordance with the rate compensation data.
2. An electronic timepiece as claimed in claim 1 including a
peak rate compensating means for passing preset data relating to
15 the pezk temperature rate of the electronic timepiece to the rate
compensating means.
3. An electronic timepiece as claimed in claim 1 or 2 including
i a minioum compensation determining circuit for determining minimum
compernsation data of the rate of the electronic timepiece.
20 4. An electronic timepiece as claimed in claim 3 including a
time dividing circuit for receiving the minimum compenéation data
for controlling the frequency of the output signal of an‘oscillator

circuit.

25
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s rat e conpensati ng neans for passi rig p"reset data relating to.15 t he

tenperature rate of the electronic tinepi eee—t—&—t—he—#art—e_colmensatl ng

5. 3. An electronic tinepiece as clained aim1 or 2 including a
d_o¥mum conpensati on determining circud4- for detﬂi ;ml !ummumm
conpensation data of the rate of the electronic An

el ectronic timepiece as claimed in claim3 includi ng a t| rre i Vi di ng
circuit for receiving the nininum conpensation data for controlling the
frequency of- thembﬁﬂﬁﬁﬁr@Fnge}FﬂeﬁeC&naés@laP%ﬂd@ giaimyilt andhsubstanpially  An
el ectronic tinmepiece as claimed in claim1 and substantially as herein,
described wihhewesier 8 iped éﬁ&ha’ée@ﬁ%ﬁ? A ?’H’eaacﬂ?r‘fﬁai'f}/ltﬁ@ dr awi ngs, \J@

accompanying dr aw1ngs




