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(57 ABSTRACT 
A watch movement constructed as an electronic cir 
cuit provided with an oscillating circuit having a 
quartz oscillator or resonator and a capacitor roughly 
adjusting the frequency of the oscillator with a vari 
able capacitor for finally adjusting the frequency of a 
time base output thereof. The oscillating circuit is 
temperature compensated. The oscillator output is re 
ceived by a fourteen-stage frequency-dividing circuit 
having complementary MOSFETS arranged as binary 
circuits with a wave-shaping circuit reducing the fre 
quency of the oscillations to about one Hz. The fre 
quency-divided signal is applied to driving circuitry 
that develops in conjunction with pulse-generating cir 
cuitry opposite-going pulses applied to a transducer 
that converts the pulses to rotary motion using a driv 
ing gear wheel of a second hand of a watch and of a 
gear train thereof. 

9 Claims, 3 Drawing Figures 
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3,810,355 
ELECTRONIC (CERCUET FOR QUARTZ CRYSTAL 

WATCH 

BACKGROUND OF THE INVENTION 
The present invention relates generally to electronic 

watches and more particularly to an electronic circuit 
for quartz crystal watches. 

Electronically driven watches having a quartz crystal 
resonator providing the time base are known and the 
electronic circuitry, thereof makes, use of conventional 
bi-poled transistors. The conventional bi-poled transis 
tors are used even though MOSFETS are commercially 
available because it was not possible to drive MOS 
transistors with a low voltage supply, such as a battery 
used in watches. 
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Complicated electronic circuits used in watches are 
generally integrated circuits and MOS transistors are 
advantageously miniaturized in these electronic cir 
cuits. An advantage of MOS transistors is that in a com 
plementary configuration when one of the P or N-type 
MOS transistors is in an "on'state, the other transistor 
having a common drain therewith, is in an “off” state 
and has a high resistance or impedance. Therefore, 
complementary configurations of MOS transistors con 
sume very little power. 

SUMMARY OF THE INVENTION 
It is a principal object of the present invention to pro 

vide a highly reliable electronic circuit for driving a 
watch and accurately controlling its time-keeping by 
accurately controlling the driving of the second hand of 
a watch. - 

... Another object is to provide electronic circuitry that 
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can be constructed as integrated circuits thereby re 
ducing the size of the driving circuitry. 
According to the invention, an electronic circuit for 

a watch comprises an oscillator or oscillating circuit 
developing an output having a selected frequency and 
representative of a time base signal. The oscillating cir 
cuit has a quartz oscillator or resonator and its fre 
quency is roughly adjusted by a capacitor and is setta 
ble to a fine frequency adjustment by a variable capaci 
tor. The oscillating circuit is compensated for ambient 
temperature by a capacitor. The time base signal is re 
ceived in a frequency-dividing arrangement constitut 
ing a plurality of frequency-dividing circuits connected 
in cascade. These frequency-dividing circuits consti 
tute fourteen stages of MOS transistors arranged in 
complementary binary circuits. The frequency of the 
output of the final stage is one Hz and is received in a 
wave-shaping circuit which constitutes a one stage bi 
nary circuit of MOS transistors in a complementary ar 
rangement. A reset switch is provided connected to the 
frequency-dividing circuitry and responsive to a man 
ual force applied thereto to inhibit the output of the 
frequency-dividing circuits for accurately setting the 
watch and including the setting of the second hand of 
a watch with a reference time standard. 
The divided frequency signal is applied as pulses to 

a driving circuit and a pulse-generating circuit which 
generate oppositely travelling pulses which are applied. 
to a coil of a transducer that converts these pulse sig 
nals to rotary motion for accurately driving the second 
hand of a watch and a gear of a rgear train thereof. 
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BRIEF DESCRIPTION OF THE DRAWINGs 
FIG. is a diagram of an electronic circuit of a watch 

according to the invention; 
FIG. 2 is a circuit diagram of a frequency-dividing 

circuit arrangement of the circuit in FIG. 1; and 
FIG. 3 is a fragmentary perspective view of a trans 

ducer driven by the circuit in FIG. 1. 
Other objects and advantages will appear from the 

following description of an example of the invention, 
and the novel features will be particularly pointed out 
in the appended claims. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The electronic circuit according to the invention il 
lustrated in FIG. 1 comprises an oscillator 1 developing 
a predetermined frequency signal corresponding to a 
time base signal applied to a frequency-dividing circuit 
2 reducing the frequency of the oscillator output. A 
reset switch 3 is connected to the frequency-dividing 
circuit to allow setting of the watch with reference to 
a time standard. The time base signal with reduced fre 
quency is applied to a driving circuit 4 and a pulse 
generating circuit 5 which, as well as the other circuits, 
is connected to a power source or battery 6. Oppositely 
applied pulses are delivered by the pulse-generating 
circuit and driving circuit and applied to a transducer, 
shown in FIG. 3, converting the pulse signals to rotary 
motion as hereinafter described. . . . 
The oscillating circuit 1 has a quartz oscillator or res 

onator a to which is connected a fixed capacitor Cit 
for compensating for temperature variations of the os 
cillator and a second fixed capacitor C13 which estab 
lishes a rough adjustment of the frequency of the oscil 
lator. A fine adjustment is set with a variable capacitor 
Cia likewise connected to the resonator as illustrated. . 
A transistor T is connected in series with a resistor in 
a voltage dividing arrangement across the power source 
6 for driving the quartz resonator. 
The frequency-dividing circuit 2 is constructed as an 

integrated circuit illustrated in FIG. 2. In the detailed 
circuit illustrated in FIG. 2, an input terminal db corre 
sponds to an input terminal 2a of the block in FIG. 1 
and another terminal 2b connected to the positive ter 
minal of the battery is represented by a corresponding 
terminal Vdd illustrated in FIG. 2. A terminal 2c is con 
nected to the negative voltage terminal of the battery. 
An output terminal 2d corresponds to the output termi. 
nal labeled "Out' and a terminal 2e corresponds to a 
reset circuit terminal R. All of the points in FIG. 2 hav 
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ing the reference Rare connected to the terminal Ral 
though the equivalent connections are not shown in the 
block diagram in FIG. 1. The points of the circuit in 
FIG.2 having a reference Vdd are connected to the pos 
itive terminal of the power source. 
The oscillating frequency signal output of the oscilla 

tor appears at the input terminal band has a frequency 
of 16384 Hz produced by the quartz resonator. The 
input terminal db is connected to two diodes one of 
which is connected to the power source as illustrated 
and the other grounded and through complementary 
MOS transistors in an inverter configuration into a fre 
quency-dividing stage DIV Al where the output ap 
pears at Q, Q. In this first state the frequency is di 
vided and the output has a value of 8192 Hz which is 
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one half of the input frequency and the signal at O, is 
inverted. 
As can be seen, the frequency-dividing circuit ar 

rangement constitutes fourteen stages of binary circuits 
connected in cascade and denoted DIVA1 - DIVA9, 
DV B1 - DIV B5. The circuits labeled DIVA have 
complementary MOS transistors of the configuration of 
the circuit DIV A1 and those labeled DIV B have the 
circuit configuration of DIV B2. The inputs are labeled 
Qin and Q and the outputs are labeled OO, to QQ14. 
The bars over the reference letters indicate the signal 
inversions taking place within the frequency-divider. 
The time base signal applied to the frequency 

dividing circuitry is reduced in frequency in the four 
teen stages. The frequency is 4096 Hz at the output of 
the second stage DIVA2 and is one HZ at the output 
of the fourteenth stage DIV B5. The signal having a fre 
quency of one HZ is applied to a wave-shaping circuit 
WS constituting complementary MOS transistors in a 
binary circuit arrangement. The output signal of the 14 
stages in the frequency-dividing circuit has a frequency 
of one Hz and has a pulse width or duration of approxi 
mately 500 msec. This is applied to the waveshaping 
circuit WS which reduces the pulse width to eight 
msec., and the output signal of the frequency-divider 
has this eight msec. pulse width at the output terminal 
"Out.' The wave-shaping circuit WS is connected 
through MOS transistors to a junction between the 
eighth and ninth dividing circuits DIVA8 - DIV A9 
and to the twelfth stage DIV B3 as illustrated. 
The reset circuit 3 constitutes a switch having two 

movable contacts 3a, 3b operable under the control of 
the crown stem or winding stem, not shown, of the 
watch in which the circuit is employed. One movable 
contact 3a makes connection with a fixed contact 3c 
connected to the positive terminal of the power source 
as illustrated and in series with a second fixed contact 
3d likewise connected to the positive terminal and with 
which the other movable contact 3b makes electrical 
contact in the position illustrated which corresponds to 
a condition in which the crown stem is in an "In" posi 
tion. The two movable contacts act as a back-up for 
each other so that in the event that there is trouble at 
one switch contact the other establishes the circuit 
since both movable contacts are connected in series to 
a common terminal 2e of the frequency-dividing cir 
cuit. " . . 

A third fixed contact 3f is connected to the negative 
terminal of the power source as illustrated and the sec 
ond movable contact3b makes contact with it when the 
crown stem is pulled to an 'Out' position for purposes 
of setting the hands of the watch, not shown. In the 
“Out" condition of the crown stem the hands, includ 
ing the second hand, are stopped but the circuit contin 
ues energized. Thus it can be seen that a positive poten 
tial is applied to the reset terminal 2e when the watch 
is in operation and a negative potential is applied to this 
reset terminal 2e when the movable contact 3b is actu 
ated by the crown stem in its "Out" position to make 
contact with the fixed contact 3f. The circuit thus is constantly energized. 
The driving circuit 4 has an input transistor Tai with 

its base connected to the output terminal 2d of the inte 
grated circuit 2 through a resistor and has its collector 
connected through a resistor to the base of a transistor 
T which has its collector connected to a collector of 
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a third transistor Tahaving its emitter connected to the 

4 
emitter of the input transistor T. The collector of the 
input transistor is connected to the collector of a fourth 
transistor Ta having an emitter connected to the emit 
ter of the second transistor T2 and a base connection 
through a resistor to the collector of the third transistor 
which has its base connected to the emitter of a fifth or 
output transistor Tas having a collector connected as 
illustrated through a junction connection between the 
collectors of the input and fourth transistors as illus 
trated. The connection between the emitters of the sec 
ond and fourth transistors is connected to the positive 
terminal of the battery and the connection between the 
emitters of the input and third transistors is connected 
to the negative terminal. 
A coil L is connected between the collectors of the 

input and third transistor as shown and is part of a 
transducer described below. 
The fifth or output transistor Ts of the driving circuit 

4 is connected to an input transistor Ts of the pulse 
generating circuit 5 by having its base connected to the 
collector thereof. The pulse-generating circuit 5 has a 
monostable multivibirator configuration having a sec 
ond transistor Ts, and the time constant of which is 
controlled by a resistor Rs and a capacitor Cs. The 
multivibrator transistor T2 is connected to a diode D 
connected to a junction connected with the outputter 
minal of the integrated circuit. 
The pulse output of the integrated circuit 2 having an 

eight msec. pulse width is applied to the base of the 
input transistor Tai from the output terminal 2d 
rendering the input transistor T and the second tran 
sistor T. conductive so that they are in an "On' state. 
Consequently a current flows in the driving coil L in the 
direction indicated by an arrow labeled a. 
The pulse generating circuit 5 is triggered by a re 

verse pulse generated at the output terminal 2d due to 
the direction of the diode D. Thus the transistor T 
turns "off'..during the period determined by the time 
constant of the circuit while the input transistor T is 
in an "on' condition. Consequently a current flows in 
the driving coil L in an opposite direction shown by the 
arrow b since the transistors Tas, T3 and T4 of the driv 
ing circuit are then in an "on' condition. 

Provision is made for converting the two pulse out 
puts of the driving and pulse-generating circuit applied 
to the driving coil L to convert these pulse signals to ro 
tary motion for accurately driving the second hand of 
the watch, not shown. This is accomplished by a trans 
ducer illustrated in FIG. 3 in which a magnetic bar 7 
has the coil L wound thereon and has a rotatably 
mounted pallet 8 rotated by the attractive force be 
tween the magnetic poles of the magnetic material 7 
and a permanent magnet 9 on the axis of the pallet. The 
pallet is constructed to oscillate and engage peripheral 
teeth of a second gear wheel 10 mounted on an axis 11 
on which is coaxially disposed a second gear wheel 12 
and a second hand 13. 
When the pulse current flows in the coil in one direc 

tion, the pallet 8 is attracted by the attractive force be 
tween a magnetic pole of the magnetic material and the 
permanent magnet 9 and when the pulse current flows 
in an opposite direction, the magnetic pole of the mag 
netic material is oppositely magnetized. Accordingly, 
the pallet is urged to rotate in an opposite direction so 
that it oscillates and carries out its oscillation within a 
period of one second. Each time the pallet engages the 
peripheral teeth of the second wheel 10, the wheel is 
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rotated in a same direction half a pitch. The second 
hand 13 is kept stable during the absence of a pulse in 
the coil, by a stop spring 14 which cooperates with pe 
ripheral teeth on the other wheel 12. These teeth are 
twice in number as the number of peripheral teeth on 
the second wheel so that the second hand is held stabi 
lized for each half pitch movement of the second gear 
wheel. 
Those skilled in the art will recognize that the circuit 

according to the invention provides a compact watch 
movement constructed as a miniaturized circuit and 
more particularly miniaturized complementary MOS 
binary circuits in integrated form. This configuration 
increases the life of the battery since the circuit con 
sumes only a very little electrical power. Moreover, the 
time can be accurately set because the second hand, 
which is stopped when the crown stem is retracted, can 
be set in accordance with a reference time standard by 
pushing in the winding stem and the movement starts 
substantially immediately after the winding stem is 
pushed in so that the watch can be accurately set, even 
with respect to the seconds, with reference to a time 
standard. 
The electrical circuitry and contacts of the conven 

tional watches are eliminated and high reliability is es 
tablished with the electronic circuit according to the 
invention. A threshold voltage less than 0.8V can be 
realized for both P and N channelled MOS transistors 
by using film gates in their construction. 
What I claim and desire to secure by Letters Patent 

S. 

1. A watch movement for a watch comprising, an os 
cillating circuit developing an output having a selected 
frequency and representative of a time base signal, fre 
quency-dividing means receptive of the time base sig 
nal for dividing its frequency and for developing an out 
put signal having a substantially lesser frequency, 
means receptive of said output signal for developing 
driving pulses, transducer means receptive of the driv 
ing pulses and having means developing as an output 
mechanical driving force; and switch means for manu 
ally selectively inhibiting said frequency-dividing 
means from developing said output signal at will and 
for manually selectively enabling said frequency 
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6 
dividing means to develop said output signal at will to 
manually selectively stop the watch movement and to 
manually selectively restart the watch movement in 
stantaneously at a desired time; whereby the watch 
movement may be manually stopped and restarted in 
stantaneously at a desired time to accurately corre 
spond to an external time reference wherein said fre 
quency-dividing means has inhibit means responsive to 
a first signal having a first voltage value applied thereto 
enabling said frequency dividing means to develop said 
output signal and responsive to a second signal having 
a second voltage value applied thereto for inhibiting 
said frequency-dividing means from developing said 
output signal, and wherein said switch means has 
means connected to said inhibit means for selectively 
applying thereto in response to said first signal and said 
second signal. 
2. A watch movement according to claim 1, in which 

said frequency-dividing means comprises a circuit hav 
ing means to reduce said time base signal to a fre 
quency of about one Hz. 
3. A watch movement according to claim 1, in which 

said transducer means comprises a second gear driven 
rotationally in one direction by said driving force. 
4. A watch movement according to claim 3, in which 

transducer means developing a mechanical force com 
prises a coil receptive of said pulses, a pawl oscillatable. 
under control of said pulses driving said gear. 
5. A watch movement according to claim 4, including 

a second hand driven accurately from said second gear, 
and means connecting said second hand and gear, 

6. A watch movement according to claim 1, in which 
said oscillating circuit comprises a quartz resonator. 
7. A watch movement according to claim 6, in which 

said frequency-dividing means comprises a circuit hav 
ing a plurality of frequency-dividing stages, each stage 
comprising complementary MOS transistors. 
8. A watch movement according to claim 7, in which 

said stages comprise 14 stages, and a wave-shaping cir 
cuit dividing the frequency of the time base signal. 
9. A watch movement according to claim 1, wherein 

said first voltage comprises a positive voltage and said 
second voltage comprises a negative voltage. 
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