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ELECTRONIC TIMEPIECE 

FIELD OF THE'INVENTION 
This invention ~relates to electronic timepieces and to 

timing arrangements or “movements” of electronic 
timepieces. 
An electronic timepiece movement generally com 

prises: 
a. an oscillator the resonator of which is a piezoelec 

tric crystal of a well~de?ned form such as a rod, a turn 
ing fork, or a plate or lenticular body, the oscillation of 
the resonator being maintained by a suitable electronic 
circuit at a frequency which generally'lies between a 
few KHz and a few MHZ, 

b. a frequency divider which divides the frequency of 
the oscillator by a constant factor so as to obtain a low 
er-order frequency, 

c. a frequency integrator which integrates this low 
frequency so as to'produce a time scale and which is 
constituted for example by a synchronous or step-by 
step motor which drives a train carrying the conven 
tional hands or by an electronic counter'with a'digital 
time display, and ' 'v 

d. an electrical power source which ‘supplies the 
items mentioned above. ‘ 

The accuracy of the timepiece is identical with that 
of the oscillator, or, expressed'more precisely, with that 

v of the frequency-determining resonator of the oscilla 
tor. In industrial manufacture it is impossible to obtain 
in an economic'manner piezoelectric cystals with a tol 
erance less than a few units of l0'5'relative to the fre 
quency, this corresponding to accurate timekeeping to - 
within a few seconds a day. Further, the natural fre 
quency of the crystal will undergo‘modi?cation'with 
the lapse of time in an irreversable manner on account 
of the phenomenon of “ageing" and on account of the 
environment, for-example any-shocks to which the os 
cillator is subject. 

STATEMENT OF PRIOR ART 

When great accuracy is required, it has therefore 
been necessary to provide, for regulating the frequency 
of the oscillator. driving means causing the frequency 
to depart to a greater or'lesser extent from the natural 
frequency of the resonator. It is thus possible to fabri 
cate an accurate oscillator and to re-establish the accu 
racy (within certain limits) when it deteriorates. To this 
end, a variable capacitor called a trimmer is mounted, 
for example, in series with a crystal resonator, the trim 
mer making it ‘possible to regulate the oscillator fre 
quency. . - 

This well-known method, quite commonly adopted, 
introduces considerable penalties. Firstly, by arti?cially 
driving the oscillator frequency far from the natural 
frequency of the resonator the stability characteristics 
of the oscillator are impaired, the effect increasing with 
the frequency difference (which provides the required 
correction). The chronometric performance of the ar 
rangement tends therefore ‘to be seriously compro 
mised. Secondly, the employment ofa trimmer capaci 
tor prevents the obtaining, at one and the same time, 
of a wide range of correction as well as great accuracy. 
Thirdly, when developing an electronic wrist-watch of 
small size, the design of the trimmer capacitor poses 
numerous problems, both from the point of view of 
manufacture and from the technical point of view. This 
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2 
trimmer is in fact an expensive, bulky, delicate and 
scarcely viable part. 

SUMMARY OF THE INVENTION 
The invention avoids these various drawbacks by 

proceeding in quite another manner to regulate the 
movement of the timepiece. 

In the device according to the invention, (a) the fre 
quency of the oscillator is identical with that of the res- v 
onator, which oscillates at its natural frequency so that 
its oscillations are not perturbed in any way, and (b) 
the scale of division in the_electronic divider is adjusted 
so as to obtain, while proceeding from the arbitrary fre 
quency of the oscillator, a time scale possessing the re 
quired accuracy. For example, if the scale of division 
of the divider is of the order of 106, the accuracy of the 
time scale may be adjusted to approximately 10"‘, that 
is, to less than 0.1 second a day, this being over a range 
as wide as may be desired. . 
The present invention therefore provides an elec 

tronic timepiece movement which comprises a piezo 
electric oscillator'which acts as the time base, a fre 
quency-division chain and a display device controlled 
at least indirectly by the output signal from the said di 
vision chain, characterised by means which make it 
possible to adjust the scale of division of the said chain 
within certain limits,_the said means being constituted 
by: 

a. a digital comparator intended to compare the logic 
state of a binary reference of M bits with that of M 
stages in the said division chain, . ' 

b. a device which makes it possible alternately to 
block the said comparator during a natural period of 
the division chain, and to unblock it during the ensuing 
period, and 
c. a circuit which cuts short the said ensuing period 

from the instant when there is coincidence between the 
logic state of the said reference and that of the said M 
stages, the said M stages of the chain being reset to 
zero. 

An embodiment of the invention will now be de 
scribed by way of example with reference to the ac 
companying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of an electronic timepiece 
embodying the invention, 
FIG. 2 is a diagram of one possible form of the digital 

comparator and of the binary reference, and 
FIG. 3 is a diagram of one possible form of a mono 

stable multivibrator which indicates the rate of the 
electrical signals. 

F,,, the frequency of the oscillator shown in FIG. 1, 
is divided by a division chain made up of N+M+P ?ip 
flops designated FFD. The scale of division of this 
chain is A = 2”*”*'’ and the natural period of the chain 
is T" = 2”+"+P-Fo. The last ?ip-?op in this chain con 
trols a monostable multivibrator, MONO l, which on 
the one hand operates the time display device H, and 
on the other hand operates the “CLEAR" input of a 
controlling ?ip-?op FFC. _ 
The outputs of the division-chain ?ip-?ops with the 

superscripts N+l to N+M are connected to the inputs 
A, to AM of a digital comparator of M bits. The M 0ut~ 
puts of a binary reference of M bits are connected to 
the inputs Bl to BM of the digital comparator of M bits. 



3,812,669 
3 

The mode of operation of this‘comparator is as fol 
lows: ' ' I 

a. if the blocking input, BLO, of the comparator is at 
a logic level 1, the comparator is blocked and its output 
S remains permanently at a logic level zero. 

b. If the contents of the stages N+l to N+M of the di 
vision chain are ?rst of all zero, and subsequently in 
crease regularly, and if the blocking input, BLO, is at 
a logic level zero, the output of the comparator, which 
is initially equal to zero, passes over to the logic level 
1 at the moment that there is a coincidence between 
the binary number K contained in the binary reference 
and the binary number contained in stages N-l-l to 
N+M of the division chain. The contents of these stages 
are therefore equal to K. 
A description will now be provided of the operation 

of the system. Let us consider the instant at which the 
monostable multivibrator MONO 1 has just emitted its 
pulse on the one hand to the display system, and on they 
other hand to thecontrolling ?ip-?op. The latter, oper 
ated by its “CLEAR" input, has ?ipped over, and its 
output 0 has altered to the zero state. The digital com 
parator is thus unblocked. The chain of division ?ip 
?ops is in the zero state, and the natural period of divi 
sion starts. Immediately, however, the contents of the 
FFD’s, N + l to N+ M, attain the value K as stored in 
the binary reference, the digital comparator will 
emit a logic-level signal to the “set” input of the 
controlling ?ip-?op. The latter will flip over, and 
its output Q will alter to the state '1'. The comparator 
will be once more blocked, and the multivibrator 
MONO 2 will emit a pulse which will reduce the 
FFD’s N+1 to N+M to'Zeroqlt can be shown 
that the assembly ofFFD’s will then once more 
be at' zero. The entirety of these procedures will 
have taken up av time T,,, an abbreviated period which 
has the value T“: 2”- K- F... ' 
A new natural period ofcounting will commence im- ' 

mediately and will continue until its termination, the 
comparator then being blocked. At the end of this nat 
ural period, the monostable MONO I will emit its pulse 
and the cycle will be reproduced in identical form. 

It can be shown that in these conditions the real pe 
riod T, of the system‘ is equal to the sum of the abridged 
period T,, and of the natural period T,,. It may be writ 
ten thus: " ’ 

K may lie between 0 and 2M4], and the range of the 
regulating action is given by the expression A = 2-". 
The accuracy of the regulating action is given by the 

expression: 

it will be noted that it is possible to obtain consider 
able values simultaneously for A and for 11', these vary 
ing in the same direction. in particular, ifit is arranged 
that M = P'= l0, which is in itself quite possible, ap 
proximately the following values will be obtained: 

This means that it becomes possible to manufacture 
an electronic timepiece regulatable to 10"‘, that is, to 
about 0.1 of a second a day, with an oscillator the reso 
nator of which will be manufactured to an accuracy of 

4 
10'”, i.e. .1 percent, a result that is impossible to 
achieve by methods of regulation based on the use of 
trimmers. ' 

FIG. 2 is a diagram of a possible form of a compara 
tor and of a binary reference. The arrangement is de 
signed for 4 bits (M= 4) and K= 6 to explain the work 
ing more clearly. Use is made of NOR gates in positive 
logic. It will be noted that. in this particular case. the 
logic reference has to pass the complementary value of 
K to the comparator. The logic reference is taken in 

10 this simple example to be constituted by switches. 
FIG. 3 shows a possible form of a monostable multivi 

brator such as that designated MONO l or MONO 2 in 
FIG. 2. It is arrived at by the use of a type-D flip-flop 
(tapped off at two points from the division chain) and 

15 of a NOR gate. The form of the signals at various points 
on the circuit is set out beneath the circuit diagram. 

1 claim: 
1. An electronic timepiece movement comprising: a 

piezoelectric oscillator acting as a time base, a frequen 
cy-division chain, a display devicecontrolled at least 

20 indirectly by the output signal of the frequency~division 
chain, and means to adjust within certain limits the 
scale of division of the frequency-division chain and 
constituted by: 

a. a digital comparator for comparing the logic state 
of a binary reference of M bits with that of M stages 
of the frequency-division chain, » ' a 

b. a device for alternately blocking the comparator 
during a natural period of the frequency-division 
chain and unblocking the comparator during the 
ensuing period, and I 

c. a circuit which cuts short .the ensuing period from 
the instant when there is coincidence between the 
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logic state ‘of thereference and that of the M» 
stages, the M stages of the chain being reset to 
zero, and the binary reference being constituted by 
a set of M switches which supply logic-level signals 
0 or 1 to the inputs of the digital comparator. 

2. A movement according to claim 1, comprising a 
?ip-?op which controls the blocking input to the com 
parator, the ?ip-?op being'itself controlled alternately 

40 by the comparator output and the division chain out 
put. 

3. A movement according to claim 2 wherein the out 
put of the ?ip flop is connected through the agency of 
a monostable multivibrator to the reset-to-zero inputs 
of a certain number of stages of the division chain. ' 

4. In an electronic timepiece movement, the combi 
nation of: a piezoelectric oscillator functioning as a 
time base, a frequency-division chain, a display device 
controlled indirectly by the output signal of the fre 
quency-division chain, and means to adjust within cer 

50 tain limits the scale of division of the frequency-chain 
constituted by: 

a. a digital comparator for comparing the logic state 
of a binary reference of M bits with that of M stages 
of the frequency - division chain, 

b. a device for alternately blocking the comparator 
during a natural period of the frequency-division 
chain and for unblocking the comparator during 
the ensuing period, and 

c. a circuit for cutting short the ensuing period from 
the instant when there is coincidence between the 
logic state of the binary reference and that of the 
M stages, the M stages of the frequency-division 
chain being reset to zero. 

5. In the movement according to claim 4, wherein the 
binary reference is constituted by an electronic mem 

65 ory. ' 

6. in the movement according to claim 5, wherein the 
electronic memory’ consists'rof a shift register. 
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