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[51] ABSTRACT 
A quartz crystal wrist watch wherein means are pro 
vided for removably mounting along the periphery of 
the watch the battery power source, the oscillator and 
associated circuitry and an electro-mechanical con 
verter. The electro-mechanical converter is provided 
with a rotor coupled to the gear train of the watch 
positioned in the central portion thereof. The oscillator 
and associated circuitry are removably mounted in said 
watch by means of a resin case adapted to carry said 
oscillator and associated circuitry. 

6 Claims, 7 Drawing Figures 
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QUARTZ CRYSTAL WRIST WATCH 

Matter enclosed in heavy brackets I: ] appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of my co 
pending application Ser. No. 166,501, ?led July 27, 1971 
now US. Pat. No. 3,800,523. 

BACKGROUND OF THE INVENTION 

This invention relates to quartz crystal wrist watches 
and to the physical structure thereof. Quartz crystal 
wrist watches are generally provided with a battery 
power source, a crystal oscillator which serves as a time 
standard and associated circuitry for converting the 
output of the oscillator to the desired driving signal, an 
electro-mechanical converter responsive to said driving 
signal such as a pulse motor and indexing mechanism, 
and the drive train of the watch. 
These components must be mounted in a watch so as 

to provide a compact thin structure. Further, although 
it is more [convenience] convenient to mount these 
components in a square watch, there is a larger demand 
for round wrist watches, thereby complicating the 
mounting of these structures into a watch case. Thus, 
the battery power source requires a substantial portion 
of the space of the wrist watch, and being generally 
round in shape, occupies a greater space than its volume 
would otherwise indicate. Further, if other components 
are mounted above or below the battery, the thickness 
of the watch would be substantially increased. 
The oscillator and associated circuitry includes the 

crystal oscillator generally mounted in a vacuum in a 
hermetic sealed case provided with a shield cap and 
external lead terminal, an oscillation circuit, a ?ne ad 
justed mechanism for adjusting the frequency of the 
oscillator, a temperature compensating element, a di 
vider circuit for dividing the frequency of the output of 
the crystal oscillator, and a driving circuit for the elec 
tromechanical converter. If these components are sepa 
rately mounted, assembly and repair of the watch be 
comes difficult and expensive. Further, the method of 
mounting these components must avoid frequency 
changes due to stray capacitance and external shock. 
By the compact assembly approach of the invention, 

the foregoing dif?culties are solved. 

SUMMARY OF THE INVENTION 

Generally speaking, in accordance with the inven 
tion, the components of a quartz crystal wrist watch are 
mounted so that the battery power source, the oscillator 
and associated circuitry and the electro-mechanical 
converter are mounted on the periphery of the watch, 
with the rotor of said electromechanical converter 
being positioned centrally of said watch for cooperative 
engagement with the drive train of said watch, also 
located in the central portion thereof. The oscillator 
and associated circuitry are removably mounted on said 
watch by means of a resin case provided with grooves 
therein for receiving the various components. 
Accordingly, the object of the invention is to provide 

a compact electronic crystal wrist watch having a 
round con?guration. 
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2 
Another object of the invention is to provide an elec 

tronic quartz crystal wrist watch incorporating a tuning 
fork crystal oscillator as the time standard having a 
frequency of more than 16 kHz, oscillation and divider 
circuits including MOS transistors, a driving circuit 
including integrated circuits, and a pulse motor serving 
as an electro-mechanical converter. 
A further object of the invention is to provide a 

quartz crystal wrist watch wherein the various compo 
nents thereof are readily connected together for ease in 
after sale service and assembly, and wherein the crystal 
oscillator and the associated circuitry thereof are re 
movably mounted as a unit. 

Still another object of the invention is to provide a 
quartz crystal wrist watch having a time standard oscil 
lator not affected by the environment, such as external 
disturbances due to shock or ambient stray capacitance. 

Still other objects and advantages of the invention 
will in part be obvious and will in part be apparent from 
the speci?cation. 
The invention accordingly comprises the features of 

construction, combinations of elements, and arrange 
ment of parts which will be exempli?ed in the construc 
tions hereinafter set forth, and the scope of the inven 
tion will be indicated in the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a fuller understanding of the invention, reference 
is had to the following description taken in connection 
with the accompanying drawings, in which: 
FIG. 1 is a circuit diagram of a quartz crystal wrist 

watch according to the invention; 
FIG. 2 is a fragmentary plan view of the quartz crys 

tal wrist watch according to the invention showing in 
particular the crystal oscillator and circuitry associated 
therewith according to the invention; 
FIG. 3 is a cross-sectional view of a resin case for 

receiving said time standard oscillator and associated 
circuitry; 
FIG. 4 is a cross-sectional view of the resin case of 

FIG. 3 having said time standard oscillator and asso 
ciated circuitry mounted therein; - 
FIG. 5 is a full plan view of the quartz crystal wrist 

watch according to the invention; 
FIG. 6 is a plan view of a quartz crystal wrist watch 

showing the stepping motor mechanism and associated 
portion of the drive train constructed in accordance 
with the instant inventor; and 
FIG. 7 is a cross-sectional view of the stepping mech 

anism depicted in FIG. 6. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to FIG. 1, wherein an equivalent cir 
cuit diagram of the time standard oscillator and asso 
ciated circuitry of the watch according to the invention 
is depicted, crystal oscillator 1 is shown coupled to an 
oscillation circuit 2, in part through a stepped variable 
condenser 3 for adjusting the frequency of the oscillator 
and a temperature compensating element 4. A resin case 
for receiving the oscillator and its associated circuitry is 
shown schematically by dashed line 5, said associated 
circuitry including a divider circuit 6 for reducing the 
frequency of the output signal of the oscillator and a 
driving circuit 7 for driving the motor or other electro 
mechanical converter. 
Referring now to FIG. 2, the time standard oscillator 

and associated circuitry is shown mounted on a resin 
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case 8 which may be formed, for example, from an 
[eleastic] elastic resin having thermosetting properties, 
which resin case is in turn mounted in the quartz crystal 
wrist watch according to the invention. The time stan 
dard crystal oscillator is mounted within a cylindrical 
crystal oscillator casing 9a. The crystal oscillator is 
mounted within said casing on a stem, and is provided 
with three external lead terminals 10. Casing 9a is evac 
uated, and is sealed hermetically. 
The crystal oscillator utilized as time standard may be 

a tuning fork crystal oscillator having a frequency of 
more than 16 kHz. An alternate type of oscillator is a 
leaf spring oscillator, which is advantageous for mass 
production, but requires 23 mm in length where a fre 
quency of 16 kHz is required, and where resistance to 
outside shocks is required. A leaf spring oscillator of 
less than 23 mm in length is substantially affected by the 
suspension wire and may not be used as a time standard 
source in a wrist watch. The length of the leaf spring 
oscillator is even further increased to about 28 mm 
when it is suspended within a hermetically sealed case 
by a shock resistant mounting. For the foregoing rea 
sons, the leaf spring oscillator is not particularly 
adapted for use in compact and round wrist watch 
movements, and accordingly, the tuning fork oscillator 
is preferred. Said tuning fork oscillator may be only 13 
mm in length, and may be specially mounted and sealed 

15 

20 

hermetically within a cylindrical metal case of only 16 , 
mm in length. 
The crystal oscillator casing 9a is provided with a cap 

9b on the external lead terminal portion thereof in order 
to minimize the effect of stray capacitance between said 
external lead terminals and other portions of the cir 
cuitry. The lead wires pass through windows in por 
tions of said cap, but the crystal oscillator is shielded. 
The temperature compensating element 11 is formed of 
BaTiO; and is wired to other lead elements by a terminal 
plate 12. 
Also mounted on resin case 8 is a stepped variable 

condenser for fine adjustment of frequency of said oscil 
lator. Said condenser consists of a group of condensers 
formed on a glass substrate 13 by vacuum evaporation. 
A contact spring 14 is mounted on said resin plate by 
means of screw 15 above said glass substrate. The sepa 
rate condensers deposited on substrate 13 can be selec 
tively added to or removed from the circuit to deter 
mine the total capacitance thereof by means of a group 
of pins 16 which selectively engage one of the ?ngers of 
contact spring 14 to bring said ?nger into engagement 
with the corresponding capacitor on the substrate. In 
other words, the ?ngers of contact spring 14 may be 
selectively brought into and out of engagement with the 
capacitors on substrate 13 by inserting or removing pin 
16. 
The oscillation circuit, divider circuit and driving 

circuit formed from MOS transistor components and 
integrated circuits, are mounted on the opposed side of 
resin case 8 opposite substrate 13. Said components are 
retained within the resin case by means of an epoxy 
resin which protects said components from outside 
in?uences such as moisture. Said electronic circuits 
include a IS-stage flip-?op divider circuit for dividing 
the frequency of the output of the oscillator circuit and 
a reset circuit. Both the oscillation and divider circuits 
may be formed of hybrid integrated circuits, but if MOS 
circuits are utilized, both the oscillation and divider 
circuits can be incorporated in about a 2 mm square 
space. Even with the use of epoxy resins, by using MOS 
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circuits, the space required for the oscillation and di 
vider circuitry can be reduced by from one-half to one 
third, as compared with the space required by conven 
tional type of circuits using only integrated circuits. The 
lead terminals of the electric circuits mounted below 
the resin case 8 are electrically connected to the compo 
nents above said resin case by means of screws and pin 
connectors, as well as a group of lead terminals 18 pref 
erably formed as thin plates. The top surface of the resin 
case may be enclosed by a metal holder 19 which serves 
as a shield plate for the capacitors on substrate 13, and 
as a retention device for contact spring 15, pin 16 and 
crystal oscillator 9a. 
Referring now to FIGS. 3 and 4, we see that the top 

surface of resin case 8 is formed with a channel 20 for 
receiving the crystal oscillator 9, a channel 21 for re 
ceiving the stepped variable condenser substrate 13, and 
a channel 23 for receiving the temperature compensat 
ing element 11. The back of resin case 8 is provided 
with a channel 22 for receiving the oscillation and di 
vider circuits 17s, the driving circuit 17b which is cou 
pled to an electro-mechanical converter, silicon 17c for 
protecting the circuits, and an epoxy resin 17d for re 
taining said components together. The channel 21 for 
receiving the stepped variable condenser substrate and 
channel 22 for receiving the electric circuits are posi 
tioned in overlapping relation on opposed sides of the 
resin case. 
Accordingly, it is seen that the components of the 

crystal oscillator and its associated circuitry are all 
mounted on resin case 8 for removal from and mounting 
in the quartz crystal watch case according to the inven 
tion as a unit. The structure is extremely compact, occu 
pying from about one-third to about one-?fth of the 
volume of the available space in the watch. The forego 
ing arrangement greatly enhances both the initial manu 
facture and the aftersale maintenance of the watch, 
since the entire time standard oscillator assembly can be 
replaced as a unit, and can be worked on outside of the 
watch. The structure is particularly shielded to prevent 
the adverse effect of stray capacitance on the oscillator. 
Further, the crystal oscillator is ?rmly mounted within 
the resin case which is elastic, and therefore assists in 
shock resistance. 
Referring now to FIG. 5, the quartz crystal watch 

depicted therein is provided with a stem 31 disposed at 
the position of 12 O'clock, on a round plate 32. A bat 
tery 33 is mounted on said plate at about 3 O'clock. As 
noted above, the battery is round but is positioned at the 
periphery of the watch. A negative pulse terminal plate 
34 connects the battery 33 to the oscillator circuitry 
which is mounted on resin case 35. Said resin case is 
similar to the resin case 8 described above, in that it 
supports all of the components of the oscillator and 
associated circuitry for removable mounting on plate 
32. The crystal oscillator casing 36 containing the crys 
tal oscillator is disposed in a channel on the top surface 
of resin case 35. Fine adjustment of the frequency of the 
oscillator is provided by stepped condenser 37 similar in 
structure to the condenser 13, 14, 15 and 16 of FIGS. 2 
and 4. Also mounted on the resin case is the temperature 
compensating device 38. The electronic circuitry 39 is 
?xed on the opposed side of resin case 35 opposite the 
stepped condenser. The input and output terminals of 
said electronic circuitry include electrical signal termi 
nal 40a for applying the driving signal to the pulse 
motor which serves as the electromechanical converter. 
These terminals all extend from one of the electronic 
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circuitry, namely the side on which said pulse motor is 
positioned. The remaining terminals all extend from the 
opposed side of the electronic circuitry. Speci?cally, 
terminals 40c are connected to the crystal oscillator, 
terminal 40d is connected to the negative pulse terminal 
34 of the battery, and terminal 400 is a reset terminal. 
The latter terminals are all positioned on the side of the 
electronic circuitry adjacent the battery. The output 
and input terminals of the tuning fork crystal oscillator 
41 are also disposed on the battery side of the oscillator 
case 36, in order to simplify the terminal connection 
with the circuitry. Leads 42 are provided for connect 
ing the stepped condenser and temperature compensat 
ing device. Coupled to the electrical circuitry 39 by 
leads 40a is the electro-mechanical converter 43a which 
converts the electrical output signal from said circuit 
into rotary movement of the gear train of the watch. 
Said electromechanical converter includes a coil 13a 
formed from copper wire having 2.5/ 100d» mm, which 
wire is wound in about 15,000 turns on a coil core 
formed of magnetic material. Coil 43a de?nes the driv 
ing coil of the pulse motor and is substantially cylindri 
cal in shape. The output signal from said circuit consists 
of an alternating pulse train, one pulse of which is ap 
plied to said driving coil each second. The magnetomo 
tive force generated in the coil is applied to stators 43b 
and 43e to rotate a rotor 44 in predetermined angular 
increments. The rotor 44 may be made of Pt CO mate 
rial and is provided with six poles formed alternately as 
north and south poles. 
The above described pulse motor is utilized in place 

of the conventional pallet-fork escapement as an elec 
tro-mechanical converter, since said pallet-fork [es 
captement] escapemenr occupies too large an area, and 
would preclude the provision of a round compact ‘wrist 
watch. ‘Thus, the pallet-fork escapement has an outer 
diameter of about 5 ~ 74mm, while the outside diameter 
of the pulse motor is only about 3damm. However, the 
cylindrical shape of the driving coil 43a precludes the 
mounting of any components above or below said coil, 
where a thin wrist watch is desired. Accordingly, said 
driving coil is positioned on the periphery of the watch 
according to the invention. 
Rotor 44 is rotated by the magnetomotive force and 

its rotating energy is transmitted to a fourth wheel 45 of 
the watch gear train, which in turn in operatively cou 
pled to the gear train third wheel and center wheel for 
driving same. A second hand jumper 46 is coupled to 
fourth wheel 45 for indexing the position of the second 
hand. A regulating lever 17 for the operation of said 
second hand is also positioned in the central region of 
the watch, one end of said regulating lever being en 
gaged with stem 31, the other end of said regulating 
lever being engaged with the end of jumper 46 for ma 
nipulating said jumper. 
The quartz crystal wrist watch according to the in 

vention consists of a plurality of components arranged 
on a round plate in such manner that the stem is favor 
ably disposed near the 12 O’clock position, the battery 
is disposed near the 3 O'clock position, the time stan 
dard oscillator and associated circuitry are formed as a 
unit and positioned adjacent the battery, and the driving 
coil of the pulse motor is disposed between the time 
standard oscillator and the stem. Said battery, time 
standard oscillator and associated circuitry and pulse 
motor driving coil are positioned along the periphery of 
said round plate. The regulating mechanism, along with 
the drive train of the watch are positioned in the central 
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6 
region of the watch. whereby overlapping relation be 
tween the larger components is avoided. 
Reference is now made to FIGS. 6 and 7 wherein a 

stepping motor assembly is provided enabling the thick 
ness of the electronic timepiece depicted in FIG. 5 to be 
further diminished, like reference numerals being uti 
lized to depict like elements. Speci?cally, the stepping 
motor mechanism, generally indicated at 60 in FIG. 6, 
and the gear train mechanism, generally indicated at 62 
in FIG. 7 allow both such assemblies to be contained 
within the plate of the wrist watch thereby providing 
for a thinner wrist watch mechanism. This is achieved 
by placing the coil and rotor in the same plane in the 
manner hereinafter discussed. 

it is noted that in electro-mechanical converters such 
as stepping motors, a driving coil is normally wound 
about the stator and a rotor is disposed inside the coil 
and is rotated by the stator coil. Such con?guration 
results in a unitary motor which is easily disengageable 
from the timepiece. However, such motors cause sharp 
increases in the thickness of the timepiece thereby ren 
dering same not suited for thin, small sized round wrist 
watches. 
Accordingly, as is particularly depicted in FIGS. 6 

and 7, the coil 43a is wound about a coil core 56 which 
is coupled to yokes 43b and 43c, which yokes act as 
stators and are disposed in the same plane as rotor 44. 
The rotor 44 is mounted on shaft 44:, which is sup 
ported by gear train bridge 58 which bridge also sup 
ports the shafts of gear train members including fourth 
wheel 45 and third wheel 54. Thus, because the rotor 
shaft 44a and the coil 43a have about the same height, 
the thickness of the timepiece can be reduced to the 
order of the coil. Furthermore, by merely removing 
bridge 58, it is easy to remove the rotor 44 and the entire 
gear train if it is desired to fix same. The stator de?ned 
by coil core 56 and yokes 43b and 43c can likewise be 
separately removed from plates 32. Accordingly, by 
providing yokes for the stator and a bridge member as 
depicted in FIGS. 6 and 7, a thinner round electrome 
chanical wrist watch is provided. . 
The foregoing arrangement provides for simpli?ed 

terminal connections and for a round, particularly ?at 
watch movement. Further, three major components of 
the watch, speci?cally the battery power source, the 
oscillator and associated circuitry and the mechanical 
components of the watch, may be readily separated, 
with the function of each block being separately ad just 
able. This feature, which permits the removal of com 
ponents by merely removing selected screws, is particu 
larly advantageous to after-sales service. Further, this 
arrangement is also particularly adapted for mass pro 
duction. 

It will thus be seen that the objects set forth above, 
and those made apparent from the preceding descrip 
tion, are efficiently attained and, since certain changes 
may be made in the above constructions without depart 
ing from the spirit and scope of the invention, it is in 
tended that all matter contained in the above descrip 
tion or shown in the accompanying drawings shall be 
interpreted as illustrative and not in a limiting sense. 

It is also to be understood that the following claims 
are intended to cover all of the generic and speci?c 
features of the invention herein described, and all state 
ments of the scope of the invention which, as a matter of 
language, might be said to fall therebetween. 
What is claimed is: 



Re. 29,403 
7 

1. In a quartz crystal wrist watch, the improvement 
which comprises a quartz crystal time standard oscilla 
tor means for providing a high frequency time standard 
signal, a dividing circuit for providing low frequency 
time [signals] signal in response to said time standard 
[signals] signal from said time standard oscillator 
means, a stepping motor being driven in response to the 
low frequency timing signals applied by said dividing 
circuit, said stepping motor including a driving coil, a 
yoke formed of high permeability materials disposed 
through said driving coil and formed with spaced ends 
de?ning poles lying in the same plane as said driving 
coil and a rotor disposed in the gap between said poles 
and lying in the same plane as said driving coil; battery 
power means coupled to said time standard oscillator 
means, dividing circuit and driving ooil for energizing 
same; a support plate; said driving coil, battery power 
means and quartz crystal time standard oscillator means 
being supported on peripheral regions of said plate out 
of overlapping relation with each other and with said 
rotor; a bridge member; and a gear train mechanically 
coupled to said rotor to be driven thereby, said rotor 
and at least the portion of said gear train coupled 
thereto being supported by said bridge member and said 
plate at a central region of said plate. 

2. A quartz crystal watch as claimed in claim 1, 
wherein said rotor is mounted on a shaft, said rotor shaft 
being substantially the same height as said coil. 
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3. A quartz crystal watch as claimed in claim 1, 

wherein said yoke and coil are removably mounted on 
said wrist watch for removal independent of said rotor. 

4. A quartz crystal watch as claimed in claim I, wherein 
said dividing circuit is formed from MOS transistors. 

5. In a quartz crystal wrist watch, the improvement which 
comprises a quartz crystal time standard oscillator means 
for providing a high frequency time standard signal; bat 
tery power means coupled to said time standard oscillator 
means; a dividing circuit ?sir providing a low frequency 
time signal in response to said time standard signal from 
said time standard oscillator means; a stepping motor 
including a driving coil coupled to receive as an input 
thereto said low frequency time signal, a stator magneti 
cally coupled to said driving coil and a rotor formed of 
permanently magnetic material and magnetically coupled 
to said stator, said rotor including a mechanical output 
transmitting member; mechanical gearing coupled to said 
mechanical output member for driving by said rotor; a 
bridge member; and a support plate, said rotor. driving coil 
and stator being arranged in a plane substantially parallel 
to the plane of said support plate within the area defined by 
said support plate, said mechanical gearing, mechanical 
output transmitting member and rotor being supported by 
said support plate and bridge member at a central region of 
said support plate, said battery power means and time 
standard oscillator means being located out of overlapping 
relation with each other and with said driving coil, said 
driving coil and battery power means being supported on 
peripheral regions of said plate. 

6. A quartz crystal watch as claimed in claim 5, wherein 
said dividing circuit is formed from MOS transistors. 
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