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MULITFUNCTION ELECTRONIC ANALOG
TIMEPIECE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

CROSS REFERENCE TO RELATED
APPLICATION

This 1s a continuation of application Ser. No. 07/368,455
filed Jun. 19, 1989 abandoned which 1s a continuation-in-
part application of Ser. No. 07/340,620 filed on Apr. 19,
1989 U.S. Pat. No. 5,016,231.

BACKGROUND OF THE INVENTION

The present 1nvention relates to an electronic analog
fimepiece, and in particular, to an electronic timepiece
having multifunction indicators such as chronograph
indication, timer indication and elapsed time indication.

To meet consumer demand, electronic analog timepieces
such as watches have been manufactured having multifunc-
tions such as chronograph, alarm, elapsed time and the like.
Multifunction electronic analog watches are known from
Japanese Patent Laid Open Nos. 286783/86 and 294388/86
and Japanese Utility Model Laid Open No. 26191/86 and
include a small second hand, alarm hour/minute hands and
other analog indicators 1n addition to twelve hour second,
hour and minute hands. A small window for exclusive
multifunction use 1s provided at arbitrary positions on the
watch face for example, at the six o’clock watch face
position, or some other position to indicate a special non-
time keeping function such as the alarm time. Additionally
an auxiliary stem, 1n addition to the normally provided stem,
and a switch for switching into multifunction modes are
required. The addition of multifunction indicators, stems and
switches makes 1t possible to provide a variety of watch
designs to cope with diversified consumer preferences and
requirements.

These prior art multifunction electronic analog watches
have been less than satisfactory. An individual watch move-
ment structure and integrated circuit (“IC”) for driving the
structure are required for each combination of functions to
be added. Accordingly, the movement structure and posi-
tioning of parts within the watch structure must be changed
in accordance with the positioning of function mndicators and
due to the addition or reduction of functions and specifica-
tion changes. Accordingly, the IC must be changed to match
cach new watch embodiment. Accordingly, manufacturers
are forced to produce a variety of multifunction watches 1n
small quantities to comply with consumer requirements as
well as to provide a large variation 1n watch design function.

To vary the prior art multifunction electronic analog
watches requires providing a number of dies, additional
manual labor for changing the parts for each new watch
model, changing the IC mask 1n accordance with each IC
change as well as the time and work required for each design
change resulting in a high cost for each multifunction
clectronic watch. Additionally, to design a multifunction
watch with a redundancy which allows the disposition of a
variety of parts and IC constructed to satisfy various
embodiments of a single model electronic watch leads to a
large watch site as well as increasing the cost of each watch.

Additionally, development of such ICs requires a rela-
tively long period of time to design. It 1s therefore difficult
to accommodate current market needs due to the long lead
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time required. Modification to the IC must be made on a
large scale when adding new functions to the watch or
otherwise changing the manufacturing specifications. Such
modifications can require the IC to be totally redesigned. A
single IC 1s also not able to cope with functional variations
in the watch. Consequently, the constant changing diversi-
fied needs of the consumer cannot be satisfied by conven-
tional multifunctional analog electronic watches.

The prior art multifunction electronic analog watches are
also provided with an alarm. The alarm operates in an alarm
ringing mode-and an alarm non-ringing mode. In the alarm
ringing mode, a preset alarm set time 1s retained even after
the alarm has been activated. The alarm also rings a prede-
termined period of time after the initial occurrence of the
alarm ringing, such as, when the alarm set time again
coincides with a current time. For example, this would occur
cach hours on a conventional multifunction analog elec-
tronic watch. In the prior art, to prevent the successive
ringing of the alarm once the alarm has occurred, the alarm
must be put 1nto a mode which prohibits alarm activation
through some switch operation or the like. Additionally,
when resetting the alarm from the ringing prohibition state,
the ringing prohibition state must be released thus involving
a complicated operation. Accordingly, when the alarm 1s to
be set 1n its alarm activated mode for two distinct alarm
times, for example, if the alarm 1s to be activated a first time
and then ten minutes 1n the future, the user of the watch must
calculate the time 1n which the alarm 1s to be reactivated, add
that time to the current time and then set the alarm for this
second activation time, a rather involved procedure.

Accordingly, 1t 1s desired to provide a multifunction
clectronic analog watch which 1s applicable to a large
diversity of watch functions and designs while ensuring
efficiency 1n design and manufacture.

SUMMARY OF THE INVENTION

Generally speaking, in accordance with the invention, an
improved multifunction analog electronic watch includes a
wheel train for indicating ordinary time and at least one or
more wheel trains for indicating additional functions. A step
motor for driving the ordinary time wheel train and at least
one or more step motors for driving the additional function
wheel trains 1s provided. A microcomputer having a program
memory allows twelve hour time and the additional func-
tfions are indicated at arbitrary positions of at least a move-
ment center position, and additional arbitrary off center
positioning such as at least one of a position on an axis at the
twelve o’clock position, three o’clock position, the six
o clock position and the nine o’clock position according to
the number and disposition of additional function 1ndicators
and step motors. A microcomputer on an IC chip having
programmable memory controls driving of the step motors.
An actuating signal generated by the microcomputer 1s
determined by the disposition of the ordinary time 1ndicating
wheel train and the additional function indicating wheel
trains. The actuating signal 1s adapted to various structures
by rewriting software 1n the programmable memory.

An 1ntegrated circuit 1s provided which includes a core
CPU and programmable memory. The programmable
memory stores software commands for actuating the core
CPU. A motor drive drives the plurality of step motors. A
motor drive control circuit selectively supplies a predeter-
mined drive signal to the motor drive 1n accordance with the
software commands.

The watch also includes a plurality of indicators each
being driven by at least one or more step motors. At least one
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of the functions of the multifunction analog electronic watch
1s an alarm. An alarm controlling means 1n conjunction with
at least one of the step motors causes at least one of the
indicators to 1ndicate current time when the alarm time 1s not
set, indicate the alarm set time once the alarm time 1s set,
indicate the current time and release the alarm set time from
its previous setting once the alarm is activated. When the
alarm set time and the normal 12 hour time coincide, the
alarm 1s activated and the alarm set time 1s then released
from being set. When the alarm set time and the current 12
hour time coincide during setting of the alarm, the quick
setting of the alarm set time 1s 1noperative.

Accordingly, 1t 1s an object of this invention to provide an
improved electronic analog multifunction watch.

Another object of this invention 1s to provide an multi-
function electronic analog watch which may be easily
adapted to provide a number of different functions within a
number of different watch designs.

Yet another object of the mnvention 1s to provide a mul-
fifunction electronic analog watch which facilitates manu-
facturing a variety of multifunction analog watches utilizing
redundant machinery, IC masks and other parts.

Still another object of the invention 1s to provide a
multifunction electronic analog watch which may be
adapted to a variety of configurations by reprogramming
software rather than reconstructing the IC chip.

A further object of the mvention 1s to provide a multi-
function electronic analog watch which simplifies operation
of the watch by omitting structure which prohibits the alarm
from being rung when the alarm 1s not to be rung again once
the alarm has been activated and structure for releasing the
alarm from the ringing prohibited state when the alarm 1s
being reset, while reducing the number of external operating,
members and simplifying the use of the alarm function when
used as a timer to the required alarm setting.

Still other objects and advantage of the invention will in
part be obvious and will 1n part be apparent from the
specification and drawings.

The 1nvention accordingly comprises features of
construction, combination of elements, and arrangement of
parts which will be exemplified 1n the constructions here-
inafter set forth, and the scope of the invention will be
indicated 1n the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the invention, reference 1s
had to the following description taken in connection with the
accompanying drawings, in which:

FIG. 1 1s a block diagram of a CMOS-IC for use 1n a

multifunction analog electronic watch constructed in accor-
dance with the 1nvention;

FIG. 2 1s a block diagram of a chronograph circuit
constructed 1n accordance with the invention;

FIG. 3 1s a block diagram of a motor drive control circuit
constructed 1n accordance with the 1nvention;

FIG. 4 1s a block diagram of a reference signal forming
circult constructed 1n accordance with the invention;

FIGS. 5-8 are timing charts of drive pulses produced by
the driving pulse forming circuit constructed in accordance
with the invention;

FIG. 9 1s a block diagram of a motor clock controlling
circult constructed 1n accordance with the invention;

FIG. 10 1s a top plan view of a multifunction analog
electronic watch constructed 1n accordance with the inven-

tion;

10

15

20

25

30

35

40

45

50

55

60

65

4

FIG. 11 1s a sectional view of an hour and minute
indicating wheel train constructed in accordance with the
mvention;

FIG. 12 1s a sectional view of a second 1ndicating wheel
train;

FIG. 13 1s a sectional view of a chronograph seconds
indicating wheel train:

FIG. 14 1s a sectional view of a chronograph minute and
clapsed timer second indicating wheel train;

FIG. 15 1s a sectional view of an alarm time setting wheel
train;

FIG. 16 1s a schematic diagram of a multifunction elec-
tronic timepiece constructed 1in accordance with the 1mnven-
tion;

FIG. 17 1s a plan view of a face of a multifunction analog,
clectronic timepiece constructed in accordance with the
invention:

FIGS. 18a, 18b are flowcharts for the indication of normal
twelve hour time;

FIGS. 19a, 19b are flowcharts for the chronographic
operation of the electronic timepiece;

FIGS. 20a, 20b are flowcharts for the timer operation of
the analog electronic timepiece;

FIGS. 21a, 21b, 21c are tlowcharts for the alarm operation
of the multifunction analog electronic time piece;

FIGS. 22a, 22b and 22c¢ are flowcharts for the alarm
operation of the multifunction analog electronic timepiece in
accordance with another embodiment of the invention;

FIGS. 23a, 23b, 23c¢ are flowcharts for the driving the
hand of the multifunction analog electronic timepiece;

FIG. 24 1s a top plan view of a multifunction analog
electronic watch constructed in accordance with a second
embodiment of the invention;

FIG. 25 15 a sectional view of a wheel train for indicating,
normal twelve hour time seconds constructed 1n accordance
with the second embodiment of the invention;

FIG. 26 1s a top plan view of a mulfifunction analog
electronic watch constructed 1in accordance with the second
embodiment of the 1nvention;

FIG. 27 1s a top plan view of a multifunction analog
electronic watch constructed 1n accordance with a third
embodiment of the 1nvention;

FIG. 28 1s a sectional view of a wheel train for indicating,
normal twelve hour time seconds constructed in accordance
with the third embodiment 1nvention;

FIG. 29 1s a top plan view of a multifunction analog

electronic watch constructed 1n accordance with the third
embodiment of the invention; and

FIG. 30 1s a block diagram of a multifunction electronic
watch constructed 1n accordance with a fourth embodiment
of the mnvention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Reference 1s first made to FIG. 1 1n which a block diagram
of an integrated circuit (CMOS-IC), generally indicated as
20, for driving a multifunction analog watch 1s provided.
CMOS-IC 20 1s a micro-computer for controlling a multi-
function electronic analog time-piece having a program
memory 202, a data memory 204, four motor drivers 213,
214, 215 and 216, a motor drive control circuit 212, a sound
ogenerator 210 and an interrupt control circuit 218 integrally
formed by a single chip with a core CPU 201 at its center.
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Core CPU 201 includes an alarm unit, a register for
arithmetic operation, an address control register, a stack
pointer, an 1nstruction register, an 1nstruction decoder and
other known structure. CPU 201 1s connected to peripheral
circuits to be described below through an address bus
(adbus) and data bus (dbus) based on the memory map 1/O
technique. An address decoder 203 receives an input from
CPU 201 and provides a decoded output to program memory
202. Program memory 202 1s a program memory having a
mask ROM of 2048 words by 12 bit configuration which
stores the operating software for the integrated circuait.
Program memory 202 provides an operation output for CPU
201. An address decoder 205 receives an output from CPU
201 along the adbus and provides a decoded output to data
memory 204. Data memory 204 1s a RAM of 112 words by
four bits which 1s used as a timer for the various types of
fimer counting and as a counter for storing the position of the
respective 1ndicator hands. Data memory 204 provides an
output and receives mputs from CPU 201 along the dbus.

An oscillator circuit 206, coupled to a tuning fork type
oscillator 58 at terminal X. and X_ ., oscillates at a fre-
quency of 32768 Hz. Oscillator circuit 206 produces an
output signal [¢$32K] ¢32K of 32768 Hz. A first frequency
divider circuit 208 divides signal ¢32K and outputs signals
¢l6 of 16 Hz. A second frequency divider circuit 209
successtully divides the signal ¢16 of 16 Hz into a signal
[¢1] ¢ of 1 Hz. A signal ¢8 of 8 Hz is internally generated
within second frequency divider circuit 209 and read by
CPU 201 through a main bus BUS. An oscillation stop
detector circuit 207 receives an input [¢p1] ¢ZK produced by
first frequency divider circuit 208, detects the termination of
oscillation by oscillation circuit 206 and resets CMOS-IC
20.

The status of respective frequency divider stages within
the range from 8 Hz to 1 Hz can be read into core CPU 201
under the control of software. Furthermore, in this
embodiment, the signal ¢16 of 16 Hz, the signal 8 of 8 Hz
and ¢1 of 1 Hz are used as a time interrupt (“Tint”) for
performing processes such as time counting or the like. Time
interrupt Tint occurs upon a falling edge of each signal.
Reading, resetting and masking are respective interrupt
factors all carried out under the control of the software such
that resetting and masking can be independently affected for
cach of the interrupt factors.

A sound generator 210 receives mputs along the main bus
BUS and produces a buzzer drive signal output at a terminal
AL of CMOS-IC 20. The driver frequency, ON/OFF and
sound patterns of the buzzer drive signal are controlled in
accordance with the software commands which cause data

and addresses to be transmitted to sound generator 210 along
main bus BUS.

A chronograph circuit 211 receives a ¢512 iput at a
terminal CP produced by first frequency divider circuit 208
to provide an output to control hand drive. Chronograph
circuit 211 1s arranged to control hand driving of a 1/100
second hand, greatly reducing the burden exerted on the
software.

Reference 1s made to FIG. 2 where a block diagram for a
chronograph circuit 211 1s provided. A clock forming circuit
211 receives signal ¢312 of 512 Hz produced by first
frequency divider circuit 208 and produces a signal ¢100 of
100 Hz which acts as a reference clock for a chronographic
time counting as well as clock pulse Pic of 100 Hz and 3.91
ms pulse width which are utilized to form 1/100 second hand
drive pulses Pf. A control signal forming circuit 2118
receives data and addresses along main bus BUS and in
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response thereto produces a start signal St for commanding
start/stop of chronograph time counting, a split signal Sp for
commanding ON/OFF switching of the split indication, a
chronograph reset signal Rcg for resetting chronograph time
counting, a O-position signal Rhnd for storing the 0-position
of the 1/100 second hand and a signal Drv for commanding
operative/inoperative switching of the 1/100 second hand.
AND gate 2119 receives the mputs of signal 100 and signal
St and provides a gated output to a 50 preceding chrono-
graph counter 2112. [50] 50 preceding chronograph counter
2112 counts the signal 100 having passed AND gate 2119
and 1s reset by chronograph reset signal Rcg input at

terminal R.

A register 2113 holds the contents of chronograph counter
2112 when control signal forming circuit 118 outputs split
indication command signal Sp. A [50] 50 preceding hand
position counter 2114 stores the indicated position of the
1/100 second hand by counting the 1/100 second hand drive
pulses Pf produced by a 1/100 second drive control circuit
2117 and 1s reset in response to signal Rhnd output from
control signal 2118 to store the O-position of the 1/100
second hand.

Identity detector circuit 2115 compares the contents of
register 2113 with the contents of 50 preceding hand posi-
tion counter 2114 and outputs an identity signal Dty when
the contents are 1dentical. A O-position detector circuit 2116
outputs a 0 detection signal Dto upon detecting O 1n the hand
position counter 2114. When the contents of chronograph
counter 2112 and 50 preceding hand position counter 2114
are 1dentical during an operative state of the 1/100 second
hand and chronographic time counting or when the contents
of register 2113 and 50 preceding hand position counter
2114 differ during split indication and no time counting 1s
occurring, or when the contents of [1/50] 50 preceding hand
position counter 2114 1s other than zero during the inopera-
tive state of the 1/100 second hand and chronograph time
counting occurs, 1/100 second hand drive control circuit
2117 passes clock pulses Pic.

The 1/100 second hand can only be driven by a step motor
C 27. (FIG. 10) A carry signal ¢5 of 5 Hz output by
chronograph counter 2112 causes a chronograph interrupt
CGint with which the software 1s able to advance the

processing ol time counting by amounts greater than one
fifth of a second.

Returning to FIG. 1, a motor drive control circuit 212 1s
controlled by software commands received by core CPU 201
causing addresses and data to be transmitted along main bus
BUS and provides outputs PA, PB, PC, PD for driving
respective motor drivers 213, 214, 215 and 216. As seen 1n
orecater detall mn FIG. 3, motor drive control circuit 212
includes a motor hand drive mode control circuit 219 which
stores the hand drive mode of respective motors. Motor hand
drive mode control circuit 219 forms and outputs respective
control signals Sa, Sb, Sc, Sd and Se 1n response to software
commands read by core CPU 201 which 1n turn cause data
from data memory 204 and addresses from core CPU 201 to
be transmitted along main bus BUS. Control signal Sa
selects forward drive I drive mode. Control signal Sb selects
forward drive Il drive mode. Control signal Sc selects
reverse drive I drive mode. Control signal Sd selects reverse
drive Il and control signal Se selects forward correction
drive modes for driving the step motors. A hand drive
reference signal forming circuit 220 receives software com-
mand mput along BUS and forms hand drive reference clock
signal Cdrv 1n response thereto.

As seen 1n FIG. 4, hand drive reference signal forming
circuit 220 includes a programmable frequency divider 2205
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which receives mput $256 having 256 Hz output by first
frequency divider 208 and forms a signal having a frequency
1/n the mput frequency and outputting this signal as refer-
ence clock Cdrv. A three bit register 2201 stores data 1nput
from dbus for determining the frequency of the hand drive
reference clock Cdrv. An address decoder 2202 receives
software commands along adbus and provides an output
command 20 signal to three bit register 2201 for determining
the frequency of hand drive reference clock Cdrv. A three bit
register 2203 receives data stored 1n register 2201 upon each
falling edge of hand drive reference clock Cdrv output by
programmable frequency divider 2205. A decoder 2204
outputs the numbers 2, 3, 4, 5, 6, 8, 10, 16 1in binary notation
corresponding to data stored 1n register 2203. Programmable
frequency divider 2205 divides the input $256 signal 1n

accordance with the output of decoder 2204 producing clock
Cdrv.

In response to software commands, hand drive reference
signal forming circuit 220 can select any one of eight values
to be the frequency of hand drive reference clock Cdry,
specifically, 128 Hz, 85.3 Hz, 64 Hz, 81.2 Hz, 42.7Hz, 32
Hz, 25.6 Hz, and 16 Hz. Changing the frequency of hand
drive reference clock Cdrv 1s done when the data i1s 1nput
into register 2203. Data 1s imput into register 2203 1in
synchronism with the output of hand drive reference clock
Cdrv. An interval of 1/fa has to be utilized in changing the
previous frequency fa of hand drive reference clock Cdrv to
subsequent frequency Fb. When forward drive I and back-
ward drive [ are carried 1n succession, the frequency of hand
drive reference clock Cdrv 1s limited to less than 64 Hz.

Returning to FIG. 3, motor clock control circuits 226,
227, 228 and 229 are motor clock control circuits for
controlling the number of hand drive pulses supplied to
respective step motors A3, B 15, C 27 and D 32 1n response
to software commands read by core CPU 201 and hand drive
reference clock Cdrv. As seen 1n FIG. 9, each motor clock
control circuit 226-229 includes a control signal forming
circuit 2272 which in response to addresses input along
adbus, which are output 1n response to software commands,
outputs a signal [Set] Sset, a signal Sread and a signal Sset.
A four bit register 2261 stores the number of hand drive
pulses provided by the software 1nput along dbus. An AND
cgate 2274 recerves hand drive reference clock Cdrv and an
iverted Sread signal from invertor 2273 and produces a
cgated hand drive reference clock Cdrv. A four bit up counter
2262 counts the gated hand drive reference clock Cdrv and
1s reset by control signal Sreset. Identity detector 2263
compares the coincidence between the contents of register of
2261 and four bit up counter 2262. Identity detector 2263
outputs 1denfity signal Dy upon detecting an identity
between the contents. An all 1’s detector circuit 2264
outputs an all 1’s detection signal D15 when the contents of
register 2261 1s all 1°s.

A trigger signal generator 2265 includes an invertor 2266
which receives signal Dy and provides a first input to AND
cgate 2268. An 1nvertor 2267 receives signal D15 and pro-
vides an inverted nput to AND gate 2268. AND gate 2268
also receives the gated hand reference clock Cdrv and
provides an output to an OR gate 2270. A second AND gate
2269 receives the gated hand drive reference clock Cdrv and
signal D15 as mputs and provides a second 1nput to OR gate
2270 which produces an output Tr as the output of trigger
signal generator 22635.

When all 1°s are present 1n register 2261, 1in one example
a total of fifteen, motor pulses continue to be repeatedly
output until different data 1s input. When data other than all
1’s 1s mput into register 2261, motor pulses are output a
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number of times corresponding to that data and then stopped
until the data 1s reset. A bi-directional switch 2271 1s turned
on upon the output of control signal Sread for placing the
data stored 1n up counter 2262 onto data buses. Control
signal forming circuit [2227] 2272 produces signal Sset for
setting the number of hand drive pulses 1n register 2261,
signal Sread for reading the data in up counter 2262 and
signal Sreset for resetting register 2261 and up counter 2263.

When Sread 1s output, the gate Combination of invertor
2273 and AND gate 2274 1nhibits the passage of hand drive
reference clock Cdrv. It 1s then required to generate the
signal Sreset for resetting register 2261 and four bit up
counter 2262 after reading. Also, when identity detector
circuit 2263 detects a coincidence between the contents of
register 2261 and four bit up counter 2262, a motor control
mterrupt Mint signal 1s produced. When the motor control is
ogenerated, the software can read which interrupt has been
generated and then reset 1n accordance with this read value.

Reference 1s again made to FIG. 3 i which trigger
forming circuits 230, 231, 232 and 233 produce trigger
signals Sat, Sbt, Sct, Sdt and Set, respectively, 1n response
to the trigger signals output by respective motor clock
control circuits 226-229 and the band drive mode control
signals Sa, Sb, Sc, Sd and Se output by motor hand drive
mode control circuit 219.

A first drive pulse forming circuit [22] 227 receives
trigger signal Sat and outputs drive pulses Pa for driving the
step motors 1n the forward drive I mode as shown in FIG. 5.
A second drive pulse forming circuit 222 receives trigger
signal Sbt and outputs drive pulses [Pd] Pb for driving the
step motors 1n the forward drive II mode as shown 1n FIG.
6. A third drive pulse forming circuit 223 receives an 1nput
of Sat and outputs drive pulse Pc for driving the step motors
in the reverse drive I mode as shown 1n FIG. 7. A fourth
drive pulse forming circuit [225] 224 receives trigger signal
Sdt and outputs drive pulses Pd for driving the step motors
in the reverse drive 11 mode as shown 1 FIG. 15.

A fifth drive pulse forming circuit 225 receives trigger
signal Set and outputs pulses Pe for compensating motor
driving by changing the pulse width 1n response to the load.
Pulses Pe would include normal drive pulses P1, correction
drive pulses P2, pulses P3 formed upon detection of the AC
magnetic field, AC magnetic detection pulses Spl and

rotation detecting pulses Sp2 as disclosed 1n Japanese Patent
Laid-open No. 260883/85.

Motor drive pulse selectors 234, 235, 236 and 237 receive
drive pulses Pa, Pb, Pc, Pd and Pe and control signals Sa, Sb,
Sc, Sd and Se to output drive pulses necessary for the
assoclated step motors. Motor drive pulse selector circuits
234, 235, 236, 237 sclect the appropriate pulses necessary
for the associated step motor from the motor drive pulses Pa,
Pb, Pc, Pd and Pe 1n response to drive mode control signals
Sa, Sb, Sc, Sd and Se. Accordingly, motor drive pulse
selector circuit A 234 produces a motor drive pulse PA,
while motor drive pulse selector circuit B 235 produces a
motor drive pulse PB, motor drive pulse selector C 236
produces a motor drive pulse PC and motor drive pulse
selector circuit D 237 produces a motor drive pulse PD.

Returning particularly to FIG. 1, a motor driver A 213
receives input PA and provides motor drive pulses through
terminals OAl, OA2 to a coil 3b of a step motor A 3. A
motor driver [D] B 214 receives signal [PD] PB and pro-
duces a motor drive pulse through terminals OB1, OB2 to a
coll 15b of a step motor B 15. Motor driver C 215 receives
an mput PC and Pf from chronograph circuit 211 and
produces a motor drive pulse through terminals OC1, OC2
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to a coil 27b of a step motor C 27. Motor driver D 216
receives an input PD and provides a motor drive pulse across
output terminals OD1, OD2 to a coil 32d of a step motor D
32.

An mput control and reset circuit 217 processes respective
switch 1nputs applied through terminals A, B, C, D, RAI,
RA2, RB1, RB2 and processes respective mput applied
through 1nput terminals K, T and R. If an input 1s applied
through any of switch terminals A, B, C, D or any one of
switch terminals RA1, RA2 and RB1, RB2, a switch inter-
rupt Swint 1s output. When this occurs, interrupt sources are
read and reset in accordance with controls provided by the
software. Each input terminal 1s normally brought to V__and
the data 1s set at O when 1n the open state and 1s set to 1 when
connected to 'V, ..

Terminal K 1s a specification switching terminal which
allows the selection of either one of two types of speciiica-
tion as dependent on data applied at terminal K.[.JThe
reading of data at terminal K 1s executed under control of the
software. Terminal R 1s a system reset terminal. When
terminal R 1s connected to V,,,, core CPU 201, frequency
divider circuits 208, 209 and the other peripheral circuits are
initialized by the software.

Terminal T 1s a test mode conversion terminal. When the
clock 1s mput to terminal T with RA2 terminal kept con-
nected to V5, the peripheral circuit can be tested in any one
of 16 test modes. The principle test modes include a forward
drive I verification mode, a forward drive II verification
mode, a reverse drive I verification mode, a reverse drive 11
verification mode, a correction drive verification mode and
a chronograph 1/100 second verification mode. In these
verification modes, the relevant motor drive pulses are
automatically 1ssued to the output terminal of the respective
motor drive pulses.

System reset can be effected with stmultaneous applica-
tion of switch inputs other than connecting terminal [R2]
RA2 to V,,. The present integrated circuit 1s arranged so
that a system reset may also be forcibly implemented by the
hardware upon simultaneous input through mputs A and C,
B and RA2, as well as through any one of A, B and C, RA2
and RB2. There 1s also a frequency divider circuit reset and
a peripheral circuit reset as reset functions which can be
processed by core CPU 201 under software control. When
the peripheral circuit reset 1s performed, the frequency
divider circuits are reset.

An 1nterrupt control circuit 218 receives each interrupt
signal, Tint, CGint, Mint, Swint and 1n response to software
control inputs and an input from input control and reset
signal forming circuit 217, prioritizes the respective inter-
rupts. These 1nclude storage of the mterrupts until reading,
reset after reading with respective switching interrupts,
chronograph mterrupts and motor control interrupts: A con-
stant voltage circuit 200 forms a low constant voltage of
about 1.2 volts from the voltage of battery 2, about 1.58
volts, applied between V,,,, and V. and then outputs to the
V_, terminal.

"y

By constructing an integrated circuit as described above
for driving a step motor, an integrated circuit 1s provided
which has motor drivers able to drive four step motors
simultaneously. By including a motor hand drive mode
control circuit, drive pulse forming circuit and motor drive
pulse selector circuits the energizing of four step motors may
be accomplished 1in any one of three forward drive modes
and two backward drive modes, independently under the
control of the software. Additionally, by providing a hand
drive reference signal forming circuit the hand drive speed

10

15

20

25

30

35

40

45

50

55

60

65

10

of each step motor can be freely changed. By providing four
motor clock forming circuits corresponding to four step
motors 1n a one to one relation, the number of hand drive
pulses for driving each motor may be freely set under the
control of the software.

Reference 1s now made to FIGS. 10 and 11 of the
drawings wherein a multifunction electronic analog watch,
cgenerally indicated at 100, and constructed 1n accordance
with the invention, 1s depicted. Multifunction electronic
analog watch 100 i1ncludes a main plate 1 formed of resin
molding with a battery 2 supported thereon. A {first step
motor A 3 supported on main plate 1 drives the normal
twelve hour time display indicators. Step motor A 3 has a
coll core 3a of a highly permeable material. A coil block 3b
1s made of a coill wound around coil core 3a. Step motor A
3 also includes a coil frame and coil lead substrate having
opposed ends subjected to terminal processing by conduct-
ing electricity. A stator 3¢ 1s formed of a highly permeable
material. A rotor 4 1s rotatably supported on main plate 1 and
includes a rotor magnet 4b and a rotor pinion 4a.

A fifth wheel § including a fifth gear 5a and a fifth pinion
Sb 1s rotatably mounted between main plate 1 and a wheel
train bridge 53. Similarly, a fourth wheel 6 having a fourth
ogear 6a and a fourth pinion 6b, a third wheel 7 having a third
ogear 7a and a third pinion 7b and a second wheel 8 having
a second gear 8a and a second pinion 8b are each rotatably
mounted between main plate 1 and wheel bridge 53. Second
wheel 8 1s formed as two distinct parts; second gear 8a being
friction fit about second pinion 8b. A minute wheel having
a minute gear 9a and a minute pinion 9b 1s rotatably
mounted between main plate 1 and wheel bridge 53 while an
hour wheel 10 having an hour gear 10a 1s rotatably mounted
about a projecting portion [la] /a of main plate 1.

As seen 1n FIG. 11, the wheels mesh with each other to
form a wheel train for driving the normal twelve hour time
hour and minute indicators. Rotor pinion 4a meshes with
fifth gear Sa while fifth pinion 5b meshes with fourth gear
6a. Fourth pinion 6b meshes with third gear 7a and third
pinion 7b 1n turn meshes with second gear 8a. Second wheel
8 and hour wheel 10 are positioned at the center of the
watch. This wheel train arrangement 1s situated so that the
minute and hour indication of normal twelve hour time 1s
provided at the center of the watch movement.

A reduction 1 speed 1s realized between rotor 4 and
second gear 8a. The speed reduction ratio of the wheel train
1s set at 1/1800. Thus, when rotor 4 1s rotated at a speed of
half a turn per second, second gear 8a 1s rotated once each
3,600 seconds, i.e. 360° each 60 minutes, enabling the
indication of minutes for displaying normal twelve hour
time. A minute hand 11 1s fit over a distal end of second
wheel 8 to provide the indication of elapsed minutes.

Additionally, second pinion 8b meshes with minute gear
9a and minute pmion 9b meshes with hour wheel 10. The
speed reduction ratio realized from second pinion Bb to hour
wheel 10 1s set to be 1/12 to enable the indication of normal
twelve hour time hours. An hour hand 12 1s fit over a distal
end of hour wheel 10 to indicate the hour of normal twelve
hour time.

Referring now more particularly to FIGS. 10 and 12, a
spindle 1s disposed within timepiece 100 in the general
position of nine o’clock of the movement. A small second
wheel 13 having a gear 13a 1s disposed between the spindle
and a second collar counter spring 65. Fifth pinion 35b
meshes with small second gear 13a Utilizing the train wheel
arrangement of rotor 4 and fifth wheel 5, small second wheel
13 may be driven to provide an indication of normal twelve
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hour time seconds at a position at nine o’clock of the
fimepiece movement.

Again, the speed 1s reduced between rotor 4b and small
second wheel 13 to display real time seconds. The speed
reduction ratio between rotor pinion 4a and small second
ogear 13a 1s set at 1/30. Accordingly, when rotor 4 1s rotated
at a rate of 180 per second, small second wheel 13 makes a
full revolution each 60 seconds, 1.€., small second gear 13a
rotates through 6° per second, thereby enabling the indica-
tion of the seconds for displaying normal twelve hour time.
A small second hand 14 is fit over a distal end of the small
second wheel 13 to indicate real time seconds.

Referring to FIG. [15])10, a second step motor B 15 is
provided for driving a chronograph second indicator. Step
motor B 15 includes a coil core 15a formed of a highly

permeable material. A coil block 15b 1s formed of a coil
wound around coil core 15a. A coil lead substrate mounted
about a coil frame has its opposite ends positioned to be
subject to electrical conduction. A stator 15c 1s formed of a
highly permeable material. A rotor 16 mounted between
main plate 1 and wheel train 533 includes a rotor magnet 16b
and a rotor pimion 16a. As also shown 1n FIG. 13, a 1/5
second chronograph (“CG”) first intermediate wheel 17
including a gear 17a and pinion 17b is rotatably mounted
between main plate 1 and wheel bridge 53. Similarly, a 1/5
second CG 1ntermediate wheel 18 having a second interme-
diate gear 18a and second intermediate gear 18b and a 1/5
second CG wheel 19 having a second CO wheel gear 19a are
rotatably mounted between base 1 and wheel bridge 53.

Wheels 17, 18 and 19 mesh to form a wheel train for
driving the chronograph second indicator. Rotor pinion 16a
meshes with 1/5 second CG first intermediate gear 17a and
1/5 second CO first intermediate pinion 17b meshes with 1/5
seccond CG second intermediate gear 18a. 1/5 CG second
intermediate pinion 18b meshes with 1/5 second CG gear
19a. 1/5 second CG wheel 19 1s positioned at the center of
the timepiece movement. With the above train arrangement,
chronograph second indication 1s given at the center of the
fimepiece movement.

Again, the rotational speed 1s reduced between rotor 16
and 1/5 second CG wheel 19. The speed reduction ratio

provided by the wheel train extending from rotor pinion 16a
to 1/5 second CG gear 19a 1s set at 1/150.

Integrated circuit chip (“CMOS-IC”) 20 for controlling
the operation of electronic timepiece 100 1s mounted on
main plate 1. CMOS-IC 20 produces an electric signal
rotating rotor 16 through 180° each 1/5 seconds. 1/5 second
CG wheel 19 is rotated at a speed of 1.2° per fifth of a
second, 1.e., it rotates 1.2 by five steps each second, enabling
the 1ndication of chronograph seconds in units of 1/5 sec-
onds. A 1/5 second CG hand 21 1s fit over a distal end of 1/5
second CG wheel 19 to 1indicate the passing of chronograph
seconds. 1/5 second CG hand 21 also serves as a timer setter
hand for setting the timer time period.

Reference 1s now made more particularly to FIG. 14
wherein a third step motor C 27 drives the indicator for
indicating chronograph minutes and an indication of timer
clapsed time seconds. Step motor C 27 includes a coil core
27a formed of a highly permeable material and a coil block
27b formed by a coil wound around coil core 27a. A coil lead
substrate having opposite ends operated on by conducting
clectricity through the terminals thereof 1s provided along
with a coil frame. A stator 27c formed of a highly permeable
material 1s magnetically coupled to a rotor 28 having a rotor
magnet 28b and a rotor pinion 28a.

A minute CG mtermediate wheel 29 having an interme-
diate gear 29a and intermediate pinion 29b 1s rotatably
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supported between wheel bridge 53 and mamn plate 1. A
minute CG wheel 30 having a minute CG gear 30a 1is
disposed 1n a spindle located at the twelve o’clock position
of the watch movement and supported by second collar
counter spring 65. Rotor pinion 28a of rotor 28 meshes with
minute CG intermediate gear 29a. Minute CG intermediate
pinion 29b meshes with minute CG gear 30a providing a
wheel train for the mdication of chronographic minutes and
clapsed time timer seconds. The train wheel construction
allows both the chronograph minute indication and the timer
clapsed time second 1ndication to be performed on a spindle
located at the twelve o’clock position of the watch move-
ment.

The speed 1s reduced between rotor pinion 28a and minute
CG gear 30a The speed reduction ratio 1s set at 1/30.

When multifunction electronic analog watch 100 1s 1n a
chronograph mode, CMOS-IC 20 produces an electric signal
causing rotor 28 to be rotated at a rate 360° minute, i.e. 180°
times two steps. Therefore, minute CG wheel 30 rotates at
a rate of 12° per minute, making a 360° rotation in thirty
minutes enabling a chronographic minute i1ndication of a
thirty minute time period.

A minute CG hand 31 1s fit over a distal end of minute CG
wheel 30 to provide chronograph minute indication. Minute
CG hand 31 working 1in combination with 1/5 second CG
hand 21 permits chronograph indications ranging from a
minimum readout of 1/5 seconds to a maximum readout of
30 minutes.

When 1n an elapsed time timer mode, CMOS-IC 20
provides an electric signal causing rotor 28 to be rotated in
a direction opposite to the direction of rotation performed 1n
the chronograph mode. The rotation of rotor 28 advances at
a rate of 180° by one step per second. Minute CG hand 31
1s rotated counterclockwise 1n one second units, thereby
oving an indication of timer elapsed time seconds based
upon one turn each sixty seconds.

Simultaneously. CMOS-IC produces an electric signal
causing rotor 16 to rotate 1n a direction opposite to the
chronographic mode at a rate of 180° by five steps per
minute. Therefore, 1/5 second CG hand 21 1s rotated coun-
terclockwise at a rate of 6° per minutes giving the indication
of timer elapsed minutes. The timer setting may be adjusted
using a second winding stem 23 supported on main plate 1.
When second winding stem 23 1s held at a first step, each
push of a switch B 25 rotates rotor 16 through 180° by five
steps and 1/5 second CG hand 21 6° (1 minute on the
timepiece dial). Then, the elapsed time timer can be set
within a maximum range of sixty minutes.

Reference 1s now made to FIGS. 10 and 15 wherein a step
motor D 32 supported on main plate 1 drives the indicators
for indicating the alarm (“AL”) setting time. Step motor D
32 comprises a coil core 32a made of a highly permeable
material. A coil block 32b 1s formed by a coil wound around
coll core 32a. A coil frame and a coil lead substrate are
provided, the coil lead substrate having opposite terminal
ends subject to electric conductivity. A stator 32c¢ 1s formed
of a highly permeable material. A rotor 28 mcluding a rotor
pinion 33a and a rotor magnet 33b 1s rotatably supported on
main plate 1.

An alarm intermediate wheel 34 having an intermediate
wheel gear 34a and intermediate wheel pinion 34b and AL
minute wheel 36 having an AL minute wheel gear 36a and
AL minute wheel pinion 36b are rotatably supported
between main plate and wheel bridge 53. AL center minute
wheel 35 having an AL center minute gear 35a and an AL
center minute pinion 35b and AL hour wheel 37 having an
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AL hour wheel gear 37a are supported on a spindle located
at the six o’clock position of the timepiece movement.
The above wheels form a wheel train providing an alarm
setting and time indication on the spindle located at the 6
o’ clock position of the timepiece movement. As seen 1n FIG.
[6]:5, rotor pinion 33a meshes with AL intermediate wheel
ocar 34a and AL intermediate wheel pinion 34b 1n turn
meshes with AL center minute wheel gear 35a. AL center
minute pinion 35b meshes with AL minute gear 36a and AL
minute pinion 36b 1n turn meshes with AL hour wheel 37.
To control movement of the alarm setting time 1ndicators,
the wheel train reduces the rotation speed transmitted from
rotor pinion 33a to AL center minute wheel gear 35a. The
speed reduction ratio provided between AL center minute
ogear 35a and rotor pmion 33a 1s 1/30 while the speed
reduction ratio provided by the wheel train from AL center
minute wheel pinion 35b to AL hour wheel gear 37 1s set to

be 1/12. An AL minute hand 38 1s fit over a distal end of AL
center minute wheel 35 and an AL hour hand 39 1s fit over

a distal end of hour wheel 37.

The alarm time setting 1ndicator i1s operated by setting a

second winding stem 23 to a first step placing electronic
timepiece 100 1 an alarm ON mode. CMOSIC 20 provides

an electric signal causing rotor 33 to be rotated through 180°
cach time a switch C 26 1s pushed. Correspondingly, AL

minute hand 38 is rotated through 6°, one minute on the dial,
and AL hour hand 39 rotates through 0.5°. Therefore, the

alarm time can be set between a range of one minute and 12
hours. By continuing to push switch C 26, AL minute hand
38 and AL hour hand 39 continuously run at an accelerating,
speed, so that the alarm time may be set in a short time.

When the alarm setting time as indicated by AL minute hand
38 and AL hour hand 39 coincide with the indicated normal
12 hour time, an alarm 1s sounded. When second winding,
stem 23 1s set to the zero step, electronic timepiece 100 1s 1n
an alarm OFF mode 1n which the AL minute hand 38 and AL
hour hand 39 indicate the normal 12 hour time. When this
occurs. CMOS-IC 20 produces an electric signal causing
rotor 33 to be rotated through 180 per minute. Accordingly,
the AL minute hand 38 1s driven in minute unit increments.

Reference 1s now made to FIG. 16 mn which a circuit
diagram of the connection between CMOS-IC 20 and other
clectric elements of electronic timepiece 100 are provided.
Silver oxide cell battery 2 provides power to CMOS-IC 20
at a terminal V.. Coil block 3d of step motor A 3 1s coupled
to CMOS-IC 20 at terminals OA1, OA2. Coil block 15b of
step motor B 15 1s coupled to CMOS-IC 20 at terminals
OB1. OB2. Switch A 24. switch B 25 and switch C 26 are
connected at mput terminals A, B and C respectively. Coil
block 27b of step motor C 27 1s coupled to CMOS-IC 20 at
terminals OC1, OC2. Coil block 32b of step motor D 32 1s
coupled at terminals OD1, OD2. A booster coil 55 provides
an mput to a minimolded transistor 56 having a protector
diode 56a and are coupled to terminal AL for energizing a
piezoelectric buzzer 64 connected across booster coil 55.
Piezoelectric buzzer 64 1s mounted on the back-case of the
watch. A F chip capacitor 57 1s coupled to CMOS-IC 20 for
suppressing voltage fluctuations of a constant voltage circuit
built within CMOS-IC 20. A tuning fork type micro-crystal
oscillator 58 1s coupled to CMOS-IC 20 at terminals X , and
X_ . to provide a source for an oscillator circuit built in
CMOS-IC 20. A switch 46a formed 1n a potion of yolk 46
(FIG. [1] 10) is coupled to CMOS-IC 20 between terminals
RA1, RA2. A switch 59a formed in a portion of second
setting lever 23 1s coupled to CMOS-IC 20 between termi-
nals RB1, RB2.

Switches 24. 25 and 26 are each push button type switches
that allow a user to apply an mput therethrough only when

10

15

20

25

30

35

40

45

50

55

60

65

14

they are pushed. Switch 46a 1s a switch which interlocks
with first winding stem 22 and 1s positioned so that terminal
RA1 1s closed when first winding stem 22 1s set 1n 1ts first
step and closes terminal RA2 when winding stem 22 1s 1n 1ts
second step. Switch 46a 1s opened when winding step 22 1s
at a normal position. Switch 59a acts 1n cooperation with
second winding stem 23 and i1s arranged so that it closes
terminal RB1 when second winding stem 23 1s 1n a first step
encloses terminal RB2 when stem 23 1s at 1ts second step.
Switch 59a 1s open when stem 23 1s set at a normal position.

Reference 1s now made to FIG. 17 wherein a top plan
view of multifunction electronic analog watch 100 1s pro-
vided. Multifunction electronic analog watch 100 includes a
bezzle case 40 and a dial 41 provided within bezzle case 40
to provide a watch face. An areca 42 of dial 41 provides
indication of normal 12 hour time seconds. An arca 43 of
dial 41 indicates chronograph minutes and the elapsed
seconds of the timer. An area 44 of dial 41 provides
indication of the alarm setting time. Normal 12 hour time 1s
indicated utilizing small second hand 14 driven 1n units of
seconds, minute hand 11 and hours hand 12 as described
above.

Adjustment of the normal 12 hour time 1s made by
withdrawing first winding stem 22 to the second step. As
shown in FIG. 10, 1n this position, fourth wheel 6 1is
restricted by the train wheel setting lever 47 which engages
with setting lever 45 and yoke 46, stopping rotor 4 to
suspend drive motion of small second hand 14. On rotating
the first winding stem about 1ts axis, winding torque 1s
transmitted to minute wheel 9 through a sliding pinion 48
and a setting wheel 50. Because second gear 8a 1s slideably
coupled to second pinion 8b, setting wheel 50, minute wheel
9, second pinion 8b and hour wheel 10 are all rotatable even
when fourth wheel 6 1s restricted 1n motion. Accordingly
minute hand 11 and hour hand 12 can be rotated allowing the
user to set those hands to any desired time.

Reference 1s now made to FIG. 18a, /8b 1n which a flow
chart for indicating normal twelve hour time by electronic
timepiece 100 1s provided. A 1 Hz imterrupt 1s iput in
accordance with a step 500 causing CPU 201 to determine
whether switch 46a 1s OFF or ON at terminal RA2 1n a step
502. If switch 46a 1s OFF at terminal RA2, then a forward
compensation driving control signal for step motor A 3 1s
output by motor hand drive mode control circuit 219 of
motor drive control circuit 212 and a forward correction
drive for motor A3 1s performed 1n a step 504. In a step 506,
the number of hand drive pulses 1s set to 1 1n the motor clock
control circuit A 226.

If switch 46a 1s on at terminal RA2, such as 1in a time
correction state, then the motor driving is stopped 1n accor-
dance with a step 510. If switch 46a 1s on a terminal RA2
and there 1s a switch 1nput 1n a step 512, such as during a
time correction state, then switch 46a 1s turned OFF at
terminal RA2 in accordance with a step 514. Both frequency
divider circuit 208 and 209 are then instantaneously reset so
that the motor will be driven after a one second interval in
accordance with a step 516.

Reference 1s now made to FIGS. 19a, 19b 1n which a flow
chart for operating the electronic analog timepiece 100 1n a
chronographic mode 1s provided. In these flow charts “CG
START” 1ndicates the state 1n which time counting occurs
and a split signal has been produced. Second winding stem
23 1s set at 1ts normal position operating switch 59a 1n
accordance with a step 512 so that switch 59a 1s OFF at both
terminals RB1, RB2 in accordance with a step 514. This
places electronic analog timepiece 100 1n a chronographic



US RE38,197 E

15

mode. By depressing switch A1n a step 516, the chronograph
may be ultimately stopped or reset 1in a step 518 or started
in a step 524. If the chronograph has been stopped or reset
the chronograph circuit 1s started m a step 520 and the
occurrence of “CG start” representing the state in which the
chronograph counts time and the split indication 1s generated
within chronograph circuit 211 1s written within data
memory 204 1n a step 522.

To start a chronograph counting a CG interrupt signal
CGint 1s produced by chronograph circuit 211 1n a step 586.
Upon each CG interrupt, the CG 1/5 second counter formed
in a portion of data memory 204 1s incremented by 1 1n a step
588. The chronograph count and the split command are
again produced 1n accordance with a step 590. 1/5 second
CG Hand 21 1s driven forward by one step equal to one fifth
of a second 1n a step §92. It 1s determined whether the 1/5
seccond counter has counted one minute 1n a step 594.
Whenever the 1/5 second counter has counted one minute,
a CG minute counter also formed 1n a portion of data
memory 204 1s incremented by one and CG hand 31 1is
driven forward one minute 1n a step 596. Upon completion
of the process, the process 1s ended 1n a step 598. CG circuit
211 1s stopped 1n a step 526 and “CG stop” 1s written 1n the
memory 1n step 528.

If the B switch 1s activated 1n a step 520 then the
chronograph again enters the CG start status in a step 522
and writes “CG split” in the memory in a step 524. If the B
switch 1s activated and the electronic analog timepiece 100
1s only 1n split status 1in accordance with a step 536, the
difference between the chronograph counted time and the
hand position 1s calculated 1n a step 538. A CG start mode
1s produced 1n a step 539 to fast drive both the 1/5 second
CG hand 21 and a minute CO hand 31 to indicate the
calculated value which is the counted time 1n a step S40. The
“CG start” 1s then written 1n data memory 204 1n a step 542.

If the B switch 1s applied when electronic analog time-
piece 100 1s not 1n a chronographic time counting mode,
such as when chronographic function has stopped 1n a step
544, then chronographic time counting is reset. The ditfer-
ence between the chronographic hand position and the
O-position or a reference position 1s calculated 1n a step 546.
The respective CG hands are fast driven to the indicated
O-position 1 a step 548 as will be shown later 1n the
flowchart of FIG. 22. “CG start” 1s written 1n memory 204

in a step 550 and the chronographic circuit 211 1s reset 1n a
step 552.

Reference 1s now made to FIGS. 20a, 20b 1n which a
flowchart for operating electronic analog timepiece 100 1n
an elapsed timer mode 1s provided. The timer must first be
set to the desired time period. The timer setting 1s 1ndicated
by the 1/5 second CG hand 21. Second winding stem 23 1s
set to a first step to activate switch 59a 1n a step 600 so that
switch 59a 1s on at the RB1 terminal in a step 602. When
switch 59a has been turned on at terminal RB1, electronic
analog timepiece 100 1s 1n the timer mode. When switch B
1s activated 1n a step 606 during a timer setting 1n step 608,
the timer setting time 1s incremented by one minute 1n a step
610. The 1/5 second CG hand 21 1s driven forward by one
minute or five step increments 1n a step 612. The graduations
41a of dial 41 mdicated by the 1/5 seconds CG hand 21
represents the timer setting time period. The timer setting
fime period may be set to a value as great as sixty minutes.

Activation of switch A 24 starts and stops a timing
processes 1n accordance with a step 604. The timer function
1s started 1n a step 618, and an interrupt signal 1s provided
in a step 624. To start the timer 1n a step 626, the minute CG
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hand 31 1s driven counterclockwise 1n units of minutes and
1/5 second CG hand 21 moves to subtract one second from
the timer setting time 1n a step 627. It 1s determined whether
the time remaining on the timer 1s more than one minute in
a step 632. If the remainder timer time 1s greater than one
minute and the minute CG hand 31 1s driven backwards step
in a step 634. When a timer time period 1s set at more than
onc minute or the remaining time period 1s less than one
minute as determined 1n a step 636, the minute CG hand 31
1s stopped and the 1/5 CG hand 21 1s driven backwards to

count down the elapsed time in the unit seconds 1n a step
642.

It 1s determined whether the time remaining in the elapsed
time period 1s within a range of one to three seconds 1n a step
628. If the remaining time falls in this range an output
warning sound 1ssuance command 1s output to sound gen-
erator 210 1n a step 638 and the 1/5 second CG 1s continued
to be driven backwards 1n a step 642. When the remaining
fime 15 determined to equal zero seconds 1n a step 630, a time
sound i1ssuance command 1s output to sound generator 210
in accordance with step 640. The output stops 1n accordance
with a step 643. Once an elapsed time period has been
completed, the “timer stop” 1s written 1n data memory 204
in a step 620. Additionally, it 1s determined whether the
timer 1s set or stopped 1n a step 614. If the timer 1s set or stop
the “timer start” 1s stored 1n data memory 240 1n a step 616.
The timer operations ends 1n a step 622.

Reference 1s now made to FIGS. 21a-21c in which
flowcharts for operating the alarm mode of multifunctional
clectronic analog watch 100 are depicted. The alarm setting
fime 1s 1ndicated on area 44 of dial 41 of multifunctional
clectronic analog watch 100. As shown 1n FIG. 21a, second
stem 23 1s switched on to the first stage in step 686 which
switches terminal RB1 ON which 1s determined 1n a step
688. It 1s determined whether or not switch C26 1s turned on

in step 690. If switch [C26] C 26 is turned on then AL
[minute hand 38 and AL hour hand 39 are driven forward]
set time s incremented by one minute [increments] in a step
692. AL minute hand 38 is then driven forward by one step
in a step 693. If switch [C26] C 26 is continuously pushed,
the AL minute hand 38 and the AL hour hand 39 are
advanced at an accelerated rate thus shortening the alarm
setting time.

As shown 1n FIG. 21b an interrupt signal 1s provided to
the alarm 1n step 6935. It 1s then determined whether terminal
RB2 1s ON or OFF 1n a step 696. If terminal RB2 1s OFF,
the time shown at area 44 corresponds to the current 12 hour
time. The current 12 hour time displayed at arca 44 (“alarm
current time”) 1s then increased by one second in a step 697.
It 1s determined whether the minutes value has increased 1n
a step 698. If the minutes value has increased second stem
31 1s then put 1n the zero step and it 1s determined whether
terminal RB1 1s ON 1n a step 699. If terminal RB1 1s OFF,
the AL minute hand 38 1s increased by one step 1n a step 702.
If the RB1 terminal 1s ON, 1t 1s determined whether or not
the current time 1s equal to the alarm set time 1n a step 700.
If the two times are equal then a signal i1s output to sound
generator 210 m a step 701 indicating the occurrence of the
alarm set time.

As seen 1n FIG. 21c when second stem 23 1s switched 1n
a step 704 from the zero step to the first step, 1t 1s determined

whether terminal RB2 has been switched from ON to OFF
in a step 705. If terminal RB2 has not been switched to OFF,
it 1s determined whether or not terminal RB1 has been
switched from OFF to ON 1n step 706. If terminal RB1 has
not been switched from OFF to ON, 1t 1s determined whether
or not terminal RB1 has been switched from ON to OFF 1n
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a step 710. If terminal RB1 has been switched from ON to
OFF then the difference between the alarm set time and the
alarm current time 1s calculated 1n a step 711 and AL minute
hand 38 and AL hour hand 39 are automatically quick driven
to the time indicated by the value obtained by subtracting the
alarm current time from the alarm set time 1n a step 709. The
display then indicates the alarm set time rather than the
alarm current time. When second stem 23 1s changed from
the first step to the zero step, and RB1 1s switched from OFF
to ON, the difference between the alarm set time and alarm
current time 1s determined 1n a step 707 and AL hour hand
39 1s automatically quick driven to the time value which 1s
obtained by subtracting the alarm set time from the alarm
current time 1n a step 709. The display then indicates the
current alarm time rather than the alarm set time.

Reference 1s now made to FIGS. 22a—22c¢ in which the
functioning of the alarm to operate two separate alarm
modes 1n accordance with another embodiment of the 1nven-
tion is provided. As seen in FIG. 22a when switch [C26] C
26 1s pushed 1n a step 900, while the second stem 23 1s kept

in the zero step or the first step it 1s then determined whether
terminal RB2 1s ON 1n a step 902.

When stem 23 1s kept 1 the zero step or the first step,
terminal RB2 1s turned OFF. It 1s determined whether or not
RB2 has been turned from OFF to ON at a step 904. When
RB2 1s turned OFF, forward drive 11 is selected by motor
driving pulse selecting circuit [D237] D 237 in accordance
with mstructions from CPU 1n a step 906. The value 135 1s set
in a register of trigger generating circuit [D233] D 233
(hereinafter “motor pulse register”) in a step 908 and a quick
driving correction of the alarm hour/minute hands has
begun. In an alarm mode A, that 1s, when second stem 23 1s
kept at the zero step, 1t 1s determined whether or not RB1 1s
OFF 1n a step 910. When terminal RB1 1s OFF, the alarm 1s
moperative and therefore 1s 1n an alarm activating prohibited
state 1n a step 912. The beginning of the alarm set time
correction 1s set at the alarm set time and the alarm ringing
prohibited state 1s converted to an alarm set state 1n a step
914. The alarm set time of mode A and the current 12 hour
fime then correspond to each other 1n a step 9185.

When a motor pulse is generated [15] 75 times, a control
interrupt is generated by trigger generating circuit [D233] D
233 1n a step 916 as shown 1n FIG. 22b. When the control
interrupt 1s generated it 1s then determined whether terminal
RB1 1s ON 1n a step 918. If the terminal 1s ON then the value
[15] 15 is added to an alarm time B of an alarm mode B in
a step 920 and the value [15] 15 is re-input into the motor
pulse register during the alarm mode B, thus continuing
alarm time correction.

If terminal RB1 1s not ON as determined 1n step 918, then
the alarm 1s 1n the alarm mode A. It 1s then determined
whether the difference between the current ordinary 12 hour
fime and the alarm set time A 1s greater than 15 1n a step 922.
If the difference determined 1n step 922 1s greater than 15, 15
1s added to the alarm time 1n A 1n a step 924. The difference
between the current time and the alarm time 1s then recal-
culated 1n a step 926 and if the result 1s less than 15 as
determined 1n a step 928 the value 1s set 1n the motor pulse
ogenerator 1n a step 930. In this method, because the alarm
hour/minute hands 1ndicate the current time the next control
interrupt 1s generated and a zero 1s mput to the motor pulse
generator 1n a step 932. Correction 1s interrupted and alarm
ringing 1s prohibited in a step 934 and the alarm set state 1s
cleared.

As seen 1n FIG. 2¢ to ring both alarm mode A and alarm
mode B, a 1 Hz interrupt signal 1s first counted 1n a step 970.
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It 1s determined whether terminal RB2 1s ON 1 a step 972.
If 1t 1s determined that terminal RB2 1s OFF then 1 second
1s added to the current time 1n a step 974 and 1t 1s determined
whether this addition to the seconds value has increased the
minutes value 1n a step 976. If the minutes value has been
increased 1t 1s determined whether terminal RB1 1s on 1n a
step 978. If terminal RB1 1s ON then it 1s determined
whether the alarm set time for alarm mode B 1s equal to the
current time 1n a step 988. If the alarm set time does equal
the current time than an output alarm ring command for
alarm mode B 1s output to sound generator 210 1n a step 990
to indicate the occurrence of alarm set time B.

If however, 1t 1s determined that terminal RB1 1s OFF 1n
step 978 1t 1s then determined whether the watch 1s 1n alarm
ring prohibition state 1n a step 980. If the watch 1s not 1n the
alarm ring prohibition state then 1t 1s determined whether the
alarm set time of alarm mode A 1s equal to the current time
in a step 982. If the alarm set time or alarm mode A does
equal the current time then an alarm ring command 1s output
to sound generator 210 1n a step 984 and the watch 1s then

put 1nto an alarm ring prohibition state for alarm mode A in
a step 986.

If 1t 1s determined that the watch does not have an initial
alarm ring prohibition state in step 980 then the alarm 1s not
rung and the alarm AL minute hand 38 1s driven 1n one
minute increments through the selection of forward driving
mode 1 1n a step 992. A value of 1 1s 1input to the motor pulse
generator 1n a step 994. Accordingly, 1n the alarm A mode,
alarm ringing 1s prohibited and the alarm set state 1s released
once the alarm has been rung.

Returning to FIG. 22a, when switch C 26 1s turned from
ON to OFF in a step 936, an up counter 2262 (“motor pulse
up counter”) ends the quick driving of AL minute hand 38.
Inputs are written 1nto motor pulse up counter 2262 1n a step
938. It 1s then determined whether terminal RB1 1s in the ON
state 1n a step 940. When terminal RB1 1s OFF, the AL
minute hand 38 has been advanced by a value calculated
from the time when the previous control interrupt was
ogenerated 1 a step 942. Therefore a correction 1s made for
the advancing of the time indication. Then, 1n alarm mode A
mode when the alarm time and current time are determined
to coincide 1 a step 944, the ringing of the alarm 1is
prohibited 1n a step 946 so that the alarm 1s not set. The
motor pulse register and up counter are then reset 1n a step
948 . If terminal RB1 1s determined to be ON at step 940 then
the value 1s added to the alarm mode B 1n a step 950 and the
motor pulse register and up counter are reset in a step 948.

In the embodiment described above, the alarm controlling,
means controls the current time, the alarm set time A and the
alarm set time B, each having an absolute value. However,
a relative value may be given for controlling the alarm set
time as the difference between the alarm set time A and the
current time and the difference between the alarm set time B
and the current time. Additionally, in the embodiment the
controlling means utilizes CPU 201. However, a logic circuit
may be substituted for CPU 201. A correction of the ordinary
time 1s carried out by turning the second stem 23 while 1n the
second step. AL clutch 49 and AL setting wheel 51 shown 1n
FIG. 10 are coupled to second stem 23 and correct the 12
hour ordinary time display.

Reference 1s now made to FIGS. 23a-23c 1n which
flowcharts for motor driving the indicator hands of a mul-
tifunction electronic analog watch 100 are depicted. FIG.
23a 1llustrates a hand drive method when the number of
drive pulses applied to the motor, as counted by the all 1’s
detector, 1s less than 14. The motor hand drive are driven 1n
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a normal mode i1n accordance with the step 650. It 1s
determined whether reverse or forward drive 1 pulses are
being produced 1n a step 6352. If these pulses are being
produced the reference clock 1s set to 64 Hz 1 a step 656.
The hand drive mode 1s then set 1in step 658 and a number
of pulses 1n register 2261 1s set 1n a step 660. If no backward
or forward drive pulses are detected 1n step 632, the refer-
ence clock 1s set to 128 Hz to perform fast driving in
accordance with a [method] step 664.

To perform fast driving, control interrupt 1s provided in a
step 676 to interrupt operation to allow i1nterrupt of the fast
drive motor 1n a step 678. During operation of the fast drive
motor 1t 1s determined whether the number of output pulses
1s larger than 14 1n a step 680. If the number of pulses 1s less
than 14, then the number of pulses 1s mput to motor pulse
register 2261 in a step [662] 682. If the number of pulses is
orcater than 14, 15 pulses are subtracted from the number of
output pulses 1n a step 684. The reference clock Cdrv 1s set
to 128 Hz 1n a step 666 accelerating motor driving. A
forward drive II 1s mnput 1n a step 668 and fifteen pulses are
input into register 2261 in a step [667] 670. Fifteen pulses
are then subtracted from the number of output pulses 1 a
step 672.

By providing a multifunction analog electronic watch
which utilizes an IC as well as software loaded 1n a program
memory, a watch which 1s more adaptable to various func-
fion speciiications 1s provided. Additionally, software can be
developed within one half to one third the period of time 1n
which a new random logic IC which performs the same
functions can be developed, thus considerably shortening
the period 1n which the entire IC 1s developed. Accordingly,
when changes 1n the functions specification occur or func-
fions are added during development, the software can be
casily modified to adapt to such a watch thus providing an
IC for analog electronic watches which are capable of
satistying diversified watch designs and watch functions to
meet consumer demands.

Reference 1s now made FIG. 24 wherein a second
embodiment of a multifunction electronic analog watch,
ogenerally indicated at 100, constructed 1n accordance with
the invention 1s provided. Like structures are indicated with
like numerals, the difference 1n embodiments being that in
multifunction electronic analog watch 100" three step motors
are utilized to provide multifunction operation.

Step motor D 32 has been removed from electronic analog,
watch 100 along with the alarm function and timer function.
Additionally, AL intermediate wheel 34, AL minute wheel
35, AL minute wheel and pinion 36, AL hour wheel and
pinion 37, second stem 23, AL hour wheel and pinion 37,
second stem 23, AL drum wheel 49, AL pinon 51, switch
[C26] C 26 and second setting lever 59 are also removed as
not being required for analog electronic watch 100" which
does not have the alarm function. Further, in watch 100 a
small wheel 13 was positioned on an axis at the nine o’clock
position of the watch movement. Accordingly, the twelve
hour time seconds were indicated at that position. However,
in multifunction electronic analog watch 100' small second
wheel 13 1s positioned on an axis at the six o’clock position
of the watch movement, thereby indicating the twelve hour
seconds at the six o’clock movement position.

As seen 1n FIG. 25, a small second intermediate wheel
having small second intermediate wheel gear 60a 1s rotat-
ably supported between resin plate 1 and wheel train bridge
53. Fourth gear 6a engages with small second intermediate
gear 60a which i turn engages with second gear 13a.
Accordingly, the rotation of rotor 4 is transferred through
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small second intermediate wheel 60 to small second wheel
13. Areduction gear ratio between rotor 4 and small second
wheel 13 1s set at 1/30. Small second hand 14 1s positioned
on a distal end of small second wheel 13 to be driven to
indicate seconds of ordinary time.

Chronograph second indication 1s controlled by step
motor [D15] D 15 as discussed in connection with multi-
function electronic analog watch 100. A chronograph minute
indication is controlled by step motor [C27] C 27 in a
manner 1dentical to multifunction electronic analog watch

100.

Reference 1s now made FIG. 26 1n which a plan view of
multitunction watch 100' 1s provided indicating the appear-

ance of the watch face. Small second hand 14 for indicating,
twelve hour fime seconds 1s positioned at the six o’clock
position of face 41. Because alarm and timer function 1s not
provided by multifunction electronic analog watch 100,
only a first stem 22 is provided and only switches [A24] A
24 and [B25] B 25 are necessary. The hour and minute
indications of twelve hour time and chronographic indica-
tion are the same as 1n multifunction electronic analog watch

100.

As can be seen from FIGS. 24, 25, 26 multifunction
clectronic analog watch 100’ provides different functions
and 1ncorporates a different structure than multifunction
clectronic analog watch 100. However, by providing I1C 20
as depicted 1 FIG. 1 which includes data memory 204 and
program memory 202 the same IC may be used to control
both electronic analog watches by merely changing the
software contained within the memory.

Reference 1s now made FIGS. 27 and 28 in which a
multifunction electronic analog watch, generally indicated
as 100", constructed 1in accordance with a third embodiment
of the mvention i1s provided. In multifunction electronic
analog watch 100" and only the functions of twelve hour
time mdication and an alarm are provided. Accordingly, step
motor B 15 of step motor C 27 are removed from multi-
function electronic analog 100. The chronograph function
and the elapsed time number function are removed so that
1/5 second CG first intermediate wheel 17, 1/5 second CG
second intermediate wheel 18, 1/5 second CG wheel 19,
minute CG intermediate wheel 29 and minute CG wheel 30
are not required and have been removed.

Additionally, in multifunction electronic analog watch
100, small second wheel 13 was positioned on an axis at the
six o’clock direction of the watch movement to indicate
twelve hour [ti=] time seconds. However, in multifunction
clectronic analog watch 100", small second wheel 13 1is
removed and replaced by a centered intermediate wheel 61
and a centered second wheel 62 supported between main
plate 1 and wheel train bridge 33 at the center of multifunc-
tion electric analog watch 100" to allow the indication of
seconds at the center of the watch.

As can be seen 1n greater detail in FIG. 28, center second
wheel 62 1ncludes a center second gear 62a and center
intermediate 61 wheel 1s formed with a center intermediate
ogear 61la. Fourth wheel gear 6a meshes with center inter-
mediate gear 61 which 1n turn meshes with center second
gear 62a to transmit the rotation of rotor 4 to second wheel
8. The reduction gear ratio between rotor 4 and center
seccond wheel 62 1s 1/30. A center second hand 63 1is
positioned on center second wheel 62 which 1s driven to
cause the indication of twelve hour time seconds. The
indication of hours and minutes for twelve hour time as well
as indication of alarm time utilizing step motor [D32] D 32
are performed 1n a manner 1dentical to that in multifunction
clectronic analog watch 100.
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Reference 1s now made to FIG. 29 1n which a top plan
view of multifunction electronic analog watch 100" 1s pro-
vided to highlight the appearance of the watch face 41.
Twelve hour time 1s indicated by center second hand 63
provided at the center of watch face 41. Additionally, minute
hand 11 and hour hand are also disposed centrally. The
method for correcting twelve hour time 1s similar to that of
multifunction electronic analog watch 100. Additionally,
because chronograph and timer functions are not provided in
this embodiment, only operating switch C 26 1s provided.
The method for indicating the alarm set time 1s also the same
as the process and structure of multifunction electronic
analog watch 100.

Reference 1s now made to FIG. 30 in which another
embodiment of the present invention 1s depicted. A liquid
crystal driver and latch 3001 1s provided on CMOS-IC 20.
The liquid crystal display 3002 driven by liquid crystal
driver latch 3001 1s coupled to CMOS-IC 20. In response to
software commands, liquid crystal display 3002 indicates
fime of day, a second time different from the time of day,
calendar date, alarm and time resetting time, and chrono-
ographic time 1n digital representation. Liquid crystal display
panel 3002 displays outputs 1mn accordance with software
instructions from CPU 201 and provides digital representa-
tion of analog information displayed by multifunction elec-
tronic analog watch 100.

The above three embodiments were used by way of
example. However, various specilication such as for
example single motor driving of the multifunctions, the
indication of twelve hour time keeping at a non-central
location and the like may also be provided. By providing an
IC 20 which utilizes software contained within memory to
drive the function, it becomes possible to adapt the IC to
cach of these configurations without having to remake the
entire IC.

By providing a multifunction electronic analog watch in
which almost all of the elements may be commonly used and
providing [a] an IC for controlling the elements which may
be adapted by reprogramming software, a multifunction
analog watch 1s provided 1n which additional functions may
be added or subtracted at arbitrary positions of the watch by
merely selecting the number and placement of additional
functions indicating step motors and the disposition of wheel
trains. Accordingly, a single watch movement may be uti-
lized 1n realizing a multifunction electronic analog watch
having various specification. Additionally, because all of the
main elements including the step motor may be commonly
used, 1ncreases 1n the manufacturing costs and time neces-
sary for re-casting the dies for each specification change
may be avoided. By providing an IC containing program-
mable software, operation on multiple specifications of
multifunction analog electronic watches may be simply
realized by rewriting the software of the microcomputer,
allowing standardization of the IC within various watches.
This provides a multifunction electronic analog watch which
1s easily adaptable to various face designs to meet diversified
consumer demand.

Additionally, by providing a small alarm watch face
within the main watch face which 1s independent from the
twelve hour time keeping mechanism, the display of the
alarm time and ordinary twelve hour time by the alarm face
becomes more definitive and errors 1n setting the alarm time
will be prevented. Additionally, the alarm indications on the
small watch face such as selecting alarm time and displaying
ordinary time may be corrected utilizing the same stem,
therefore, 1t may be combined with the basic watch to form
a composite watch which 1s more easily serviceable. By
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providing a button for correcting the twelve hour time
displayed on the small alarm watch face as well as the alarm
time the correction operation may be more definitive, pre-
venting errors 1n operation.

By providing the chronograph second hand at the center
of the watch, time can be easily read enhancing timekeeping
precision. Elapsed time indication 1s given by two minute
hands and two second hands by reversing the motor. This 1s
ciiective 1n discriminating the elapsed time timer from the
chronograph indication facilitating the reading of time
remaining. Further, by providing a chronograph second hand
which 1s disposed centrally and counts one second for each
minute of the timer elapsed time, the timer function aspect
of the watch becomes more serviceable.

By providing a first watch stem for correcting twelve hour
time indicated on the alarm small watch face and a second
stem for correcting time on the main watch face operating
ciiciency 1s enhanced by providing correlativity between
correction methods. The first stem 1s 1mntended for exclusive
use of time keeping of the main watch and second stem 1s
intended for switching each time indication function mode
and correction thus ensuring a simpler and easier operation.
By providing the two stems at positions away from the hand

indicating position, a thinner multifunction watch 1s pro-
vided.

By providing a plurality of alarm indicators and an alarm
control means which causes the indicators to indicate a
current time when the alarm 1s not set, an alarm set time
when the alarm time 1S set and after the alarm time 1S set,
current 12 hour time once the alarm 1s activated and releas-
ing the alarm time from being set, thereby prohibiting the
alarm from being activated when the alarm 1s not to be
reactivated after the first occurrence of the alarm, an opera-
fion for releasing the alarm from the activation prohibited
state may be omitted, stmplifying watch operation. Because
operation becomes simpler, the wear on the switches con-
tained within the watch may be minimized, thus ensuring
long range reliability of the watch.

Additionally, by indicating an alarm time when the alarm
has been set and current 12 hour time when the alarm 1s not
set, 1t becomes easier to determine whether or not the alarm
1s set without the need of other extraneous mode 1ndicators.
Accordingly, a watch user 1s free from concern as to what to
do or what not to do 1n connection with the watch without
observing any type of indication.

Additionally, by providing more than one alarm indica-
tion which 1s varied according to the mode, the mode can be
simply 1dentified by hearing the alarm sound. As a result, the
watch user 1s free from concern as to which mode has been
indicated. Additionally, by changing the alarm ring tone, the
alarm tones may be set to indicate certain alarm uses.

When the alarm set time and a current time coincide
during setting the alarm time, an alarm set state 1s released,
correction of the alarm set time 1s interrupted and the alarm
set state 1s ready for release without need for operating the
watch or ensuring that an indicated state does exist.

It will thus be seen that the objects set forth above, among,
those made apparent by the preceding description, are effi-
ciently attained and since certain changes may be made 1n
the above construction without departing from the spirit and
scope of the mvention, it 1s intended that all matter contained
in the above description or shown in the accompanying
drawings shall be interpreted as illustrative and not 1n a
limiting sense.

It 1s also to be understood that the following claims are
intended to cover all of the generic and specific features of
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the i1nvention herein described and all statements of the
scope of the invention which, as a matter of language, may
be said to fall therebetween.

What 1s claimed 1s:

1. Amultifunction electronic analog timepiece comprising
a face, a plurality of indicators for displaying at least two
fime keeping functions on the face, a plurality of step motor
means for driving at least one of the plurality of indicators,
the 1ndicators being positioned at arbitrary positions about
the face 1n accordance with the number of step motor means
and positioning of step motor means, and microcomputer
means having a program memory for generating an actuat-
ing signal, the program memory storing reprogrammable
software 1nstruction for controlling the production of the
actuating signal,

microcomputer means having a programmable memory
for generating an actuating signal, said programmable
memory storing software for controlling the production
of the actuating signal;

motor drive control means coupled to said microcomputer
means for selectively producing at least one of a
plurality of drive mode signals in response to said
actuating signal;

drive reference signal forming means coupled to said
microcomputer means for forming, 1n response to said
actuating signal, a plurality of drive reference clocks
cach of a selected frequency and pulse duration deter-
mined by said actuating signal;

at least one drive pulse forming means associated with
cach of said step motor means and coupled to at least
saidd motor drive control means and to said drive
reference signal forming means for generating a drive
pulse waveform of a desired frequency and number of
pulses 1n response to at least one of said drive reference
clocks and at least one of said drive mode signals;

a drive pulse selecting means associated with each of said
step motor means and coupled to the associated drive
pulse forming means, said motor drive control means
and one of said step motor means for receiving said
drive mode signals and at least the associated drive
pulse waveform and in response thereto applying a
driving signal, formed from said associated drive pulse
waveform and with desired mode, to the associated step
motor means, whereby the software stored 1n said
microcomputer means independently drives each of
said step motor means; and an IC, the microcomputer
means being formed within said IC, the microcomputer
means including a core CPU, the software commands
stored within said program memory actuating said core
CPU.

2. The multifunction electronic analog timepiece of claim

1, further comprising first wheel train means intermediate
the first step motor means and said at least one indicator for
transmitting the rotation of the first step moror means to the
at least one indicator and second wheel train means inter-
mediate the at least second step motor means and the
remaining 1ndicators for transmitting the rotation of the at
least second step motor means to the remaining indicators,
the positioning of the remaining indicators being further
positioned 1n accordance with the number and position of
the first wheel train means and the at least second wheel train
means, the remaining indicators being time keeping indica-
tors.

3. The multifunction electronic analog timepiece of claim

1, wheremn said microcomputer controls a first step motor
means and at least second step motor means, the software 1s
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reprogrammable, and said indicators include time keeping
indicators, at least one of which 1s a twelve hour time
indicator whereby the twelve hour time 1ndicator and addi-
tional time keeping indicators may be operated by a single
microcomputer independent of the positioning of the plu-
rality of indicators.

4. The multifunction electronic analog timepiece of claim
2, wherein at least one of said remaining time keeping
functions 1s chronograph indication.

5. The multifunction electronic analog timepiece of claim
2, wherein at least one of the remaining time keeping
functions 1s an elapsed timer.

6. The multifunction electronic analog timepiece of claim
1, wherein one of the functions 1s an alarm, at least one of
said 1ndicators indicating both an alarm set time and ordi-
nary 12 hour time, further comprising an alarm means, alarm
controlling means for causing said indicator to indicate
current 12 hour time when the alarm 1s not set, indicate an
alarm set time once the alarm 1s set, and 1ndicate the current
12 hour time and releasing the alarm from being set once the
alarm means has been activated.

7. A multifunction electronic timepiece having a plurality
of mdicators for displaying at least two time keeping func-
fions comprising;:

twelve hour time indicator means for indicating twelve

hour time, the twelve hour time 1ndicator means being,
disposed at the center of the timepiece:

small second hand indicator means for indicating twelve
hour time seconds, the second hand indicator means
being disposed at a position away from the center of the
timepiece; first step motor means for driving said
twelve hour time indicator means and small second
hand 1ndicator means;

chronograph sect hand indicator means, the chronograph
second 1ndicator means providing a 1/5 second chro-
nograph indication and being disposed on said twelve
hour indicating means at the center of the timepiece;

second step motor means for driving the chronograph
second 1ndicators means;

chronograph minute indicator means, the chronograph
minute indicator means being disposed at an arbitrary
position away from the center of the timepiece;

third step motor means for driving the chronograph
minute indicator means; and

microcomputer means having a programmable memory
for generating an actuating signal, said programmable
memory storing software for controlling the production
of the actuating signal;

motor drive control means coupled to said microcomputer
means for selectively producing at least one of a
plurality of drive mode signals in response to said
actuating signal;

drive reference signal forming means coupled to said
microcomputer means for forming, 1n response to said
actuating signal, a plurality of drive reference clocks

cach of a selected frequency and pulse duration deter-
mined by said actuating signal;

at least one drive pulse forming means associated with
cach of said step motor means and coupled to at least
saidd motor drive control means and to said drive
reference signal forming means for generating a drive
pulse waveform of a desired frequency and number of
pulses 1n response to at least one of said drive reference
clocks and at least one of said drive mode signals; and

a drive pulse selecting means associated with each of said
step motor means and coupled to the associated drive
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pulse forming means, said motor drive control means
and one of said step motor means for receiving said
drive mode signals and at least the associated drive
pulse waveform and in response thereto applying a
driving signal, formed from said associated drive pulse
waveform and with desired mode, to the associated step
motor means, whereby the software stored 1n said
microcomputer means independently drives each of
said step motor means.

8. The multifunction electronic analog timepiece of claim
7, further comprising alarm time indicator means for indi-
cating an alarm time, the alarm time indicator means being
disposed 1n an arbitrary position away from the center of the
fime piece.

9. The multifunction electronic analog timepiece of claim
8, further comprising a face, a small face disposed within
said face, the alarm time indicator means being disposed
within said small face, the alarm time indicating means
indicating alarm set time and twelve hour time within the
small face.

10. The multifunction electronic analog timepiece of
claim 9, wherein said alarm time 1ndicator means i1ncludes
an hour hand and a minute hand.

11. The multifunction electronic analog timepiece of
claim 8, further comprising external control means for
correcting the alarm time indicated by the alarm time
indicators and a second external control means for correct-
ing the twelve hour time indicated by the twelve hour time
indicators, the first control means and the second control
means being disposed at different position about the time-
piece.

12. The multifunction electronic analog timepiece as
defined 1n claim 11, further comprising a third control means
for correcting twelve hour time 1ndicated by the alarm time
indicators.

13. The multifunction electronic analog timepiece of
claim 12, wherein the third control means includes a second
stem.

14. The multifunction electronic analog timepiece of
claim 8, wherein the second control means includes a first
stem and a third control means may be set 1n a plurality of
pull positions, the third control means including a second
stem, the third control means determining the operating
function performed by the timepiece dependent upon the
pull position of the second stem.

15. A multifunction electronic timepiece having a plural-
ity of indicators for displaying at least two time keeping

functions comprising:

twelve hour time indicator means for indicating twelve
hour time, the twelve hour time 1ndicator means being
disposed at the center of the timepiece;

a small second hand indicator means for indicating twelve
hour time seconds, the second hand indicator means
being disposed at a position away from the center of the

timepiece; first step motor means for driving said

twelve hour time indicator means and small second
hand 1ndicator means;

chronograph second indicator means, the chronograph
second 1ndicator means being disposed on said twelve
hour indicating means at the center of the timepiece;

second step motor means for driving the chronograph
second 1ndicators means; chronograph minute 1indicator
means, the chronograph minute indicator means being
disposed at an arbitrary position away from the center
of the timepiece;

third step motor means for driving the chronograph
minute 1ndicator means:
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microcomputer means having a programmable memory
for generating an actuating signal, said programmable
memory storing software for controlling the production
of the actuating signal;

motor drive control means coupled to said microcomputer
means for selectively producing at least one of a
plurality of drive mode signals 1n response to said
actuating signal;

drive reference signal forming means coupled to said
microcomputer means for forming, 1n response to said
actuating signal, a plurality of drive reference clocks
cach of a selected frequency and pulse duration deter-
mined by said actuating signal;

at least one drive pulse forming means associated with
cach of said step motor means and coupled to at least
saidd motor drive control means and to said drive
reference signal forming means for generating a drive
pulse waveform of a desired frequency and number of
pulses 1n response to at least one of said drive reference
clocks and at least one of said drive mode signal;

a drive pulse selecting means associated with each of said
step motor means and coupled to the associated drive
pulse forming means, said motor drive control means
and one of said step motor means for receiving said
drive mode signals and at least the associated drive
pulse waveform and in response thereto applying a
driving signal, formed from said associated drive pulse
waveform and with desired, mode to the associated step
motor means, whereby the software stored 1n said
microcomputer means independently drives each of
said step motor means;

alarm time 1ndicator means for imndicating an alarm time,
the alarm time indicator means being disposed at an
arbitrary position away from the center of the
timepiece, the second step motor means and third step
motor means being driven 1n a forward direction and 1n
a reverse direction in response to the associated driving,
signal from the associated drive pulse selecting means
as determined by said software, and the chronograph
second indicator means and the chronograph minute
indicator means 1ndicating the minutes and seconds of
clapse time when the second step motor means and
third step motor means are both driven 1n the reverse
direction 1n response to the associated driving signal
from the associated drive pulse selecting means as
determined by said software.

16. The multifunction electronic analog timepiece of
claim 15, wherein said chronograph second indicator means
1s a hand and the chronograph minute indicator means 1s a
hand.

17. The multifunction electronic analog timepiece of
claim 16, wherein the chronograph second hand 1s disposed
at the center of the timepiece 1s driven at more than one
speed dependent upon the time keeping function being
indicated.

18. Amultifunction electron analog timepiece of claim 16,
wherein the second chronograph indicator means 1s disposed
at the center of the timepiece wherein a minute of remaining,
time of the elapsed time time keeping function 1s 1ndicated
by reversing the chronograph second indicator a distance
equivalent to a chronograph second.

19. A multifunction electronic timepiece having a plural-
ity of indicators for displaying at least two time keeping
functions comprising;:

twelve hour time indicator means for indicating twelve

hour time, the twelve hour time 1ndicator means being
disposed at the center of the timepiece;




US RE38,197 E

27

small second hand indicator means for indicating twelve
hour time seconds, the second hand indicator means
being disposed at a position away from the center of the
timepiece; first [ first] step motor means for driving said

23

timepiece; first step motor means for driving said
twelve hour time indicator means and small second
hand 1ndicator means;

chronograph second indicator means, the chronograph

twelve hour time indicator means and small second 5 second mdicator means being disposed on said twelve
hand indicator means; hour indicating means at the center of the timepiece;
chronograph second indicator means, the chronograph a second step motor means for driving the chronograph
second 1ndicator means being disposed on said twelve second 1ndicator means;
hour indicating means at the center of the timepiece; chronograph minute indicator means, the chronograph
second step motor means for driving the chronograph " minute indicator means being disposed at an arbitrary
second indicators means: ‘p051t1011 away from the center of the timepiece;
chronograph minute indicator means, the chronograph thlrd_ Sttep. 1310 totr HCAts .for driving the chronograph
minute 1ndicator means being disposed at an arbitrary TRIITEC IHTCAIon edns,
position away from the center of the timepiece; s microcomputer means having a programmable memory
. .. for generating an actuating signal, said programmable
third step motor means for driving the chronograph : . .
e g o memory storing software for controlling the production
’ of the actuating signal;
microcomputer means having a programmable memory - S V'S PR
. . . . motor drive control means coupled to said microcomputer
for generating an actuating signal, said programmable Means for selectivelv producine at least one of a
memory storing software for controlling the production 20 - : y P S, -
of the actuating signal: plurality of drive mode signals 1n response to said
_ " o actuating signal;
motor drwg ComliOl ?16&1118 cougleq 10 Satld lmlctrocompliter drive reference signal forming means coupled to said
means for selective roducing at least one of a - S :
lurality of drive mgdé) S1 nalsgin response to said microcompulier means for' formlng, in response 10 said
P o L S P . actuating signal, a plurality of drive reference clocks
; .actuat;ng Slgna., - o 1 » cach of a selected frequency and pulse duration deter-
rive reference signal forming means coupled to sai mined by said actuating signal;
m1cr0(::0mp}1ter medns for' formlng, in response (o said at least one drive pulse forming means associated with
actuating signal, a plurality of drive referenfze clocks each of said step motor means and coupled to at least
ea::h of a Seltected fre.quen:::y and pulse duration deter- N, <aid motor drive control means and to said drive
mined by Sal_d actuating Slgnal, | | reference signal forming means for generating a drive
at least one Flrlve pulse forming means associated with pulse waveform of a desired frequency and number of
each of said step motor means and coupled to at least pulses 1n response to at least one of said drive reference
saidd motor drive control means and to said drive clocks and at least one of said drive mode signals;
reference signal forming means for generating a drive ;s adrive pulse selecting means associated with each of said
pulse waveform of a desired frequency and number of step motor means and coupled to the associated drive
I;Ig;iz ?H?SEEOII;@S:% E:::lzisst;gedifvsealissilevesirgGIfonce pulse forming means, said motor drive control means
) and one of said step motor means for receiving said
a drive pulse selecting means associated with each of said drive mode signals and at least the associated drive
step motor means and coupled to the associated drive 40 pulse waveform and in response thereto applying a
pulse forming means, said motor drive control means driving signal, formed from said associated drive pulse
and one of said step motor means for receiving said waveform and with desired mode, to the associated step
drive mode signals and at least the associated drive motor means, whereby the software stored in said
pulse wavetform and 1n response thereto applying a microcomputer means independently drives each of
driving signal, formed from said associated drive pulse 45 said motor means; and
waveform and with desired mode, to the associated step alarm time indicator means for indicating an alarm time,
motor means, whereby the software stored in said the alarm time indicator means being disposed at an
microcomputer means independently drives each of arbitrary position away from the center of the
said sfep motor means; and timepiece, the chronograph second 1ndicator being dis-
alarm time indicator means for indicating an alarm time, &, posed at the center of the timepiece wherein a minute

the alarm time indicator means being disposed at an
arbitrary position away from the center of the
timepiece, the chronograph second indicator means
being driven at more than one speed 1n response to the

of remaining time of an elapsed time 1s indicated by
reversing the chronograph second indicator a distance
equivalent to a chronograph second.

21. An IC for a multifunction electronic analog timepiece

assoclated driving signal from the associated drive ..
pulse selecting means as determined by said software
dependent upon the function being performed by the
chronograph second hand indicator means.
20. A multifunction electronic timepiece having a plural-
ity of indicators for displaying at least two time keeping
functions comprising;:

having a plurality of indicators for displaying at least two
time keeping functions, at least one time keeping function
being twelve hour time and a plurality of step motors for
driving said plurality of indicators comprising:

a microcomputer means including a core CPU, a pro-

crammable memory means for storing software for
actuating said core CPU, said programmable memory

twelve hour time indicator means for indicating twelve
hour time, the twelve hour time 1ndicator means being

disposed at the center of the timepiece;

small second hand i1ndicator means for indicating twelve
hour time seconds, the second hand indicator means
being disposed at a position away from the center of the

65

means storing software for producing an actuating
signal;

motor drive control means coupled to said microcomputer
means for selectively producing at least one of a
plurality of drive mode signals in response to said
actuating signal;
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drive reference signal forming means coupled to said
microcomputer means for forming, 1n response to said
actuating signal, a plurality of drive reference clocks
cach of a selected frequency and pulse duration deter-
mined by said actuating signal;

at least one drive pulse forming means associated with
cach of said step motor means and coupled to at least
said motor drive control means and to said drive
reference signal forming means for generating a drive
pulse waveform of a desired frequency and number of
pulses 1n response to at least one of said drive reference
clocks and at least one of said drive mode signals; and

a drive pulse selecting means associated with each of said
step motor means and coupled to the associated drive
pulse forming means, said motor drive control means
and one of said step motor means for receiving said
drive mode signals and at least the associated drive
pulse wavelform and 1n response thereto applying a
driving signal, formed from said associated drive pulse
waveform and with desired mode, to the associated step
motor means, whereby the software stored 1n said
microcomputer means independently drives each of
said step motor means.

22. The IC of claim 21, wherein said drive reference
signal forming means includes a plurality of motor clock
means for controlling the pulse duration of an associated
drive reference clock applied to each step motor.

23. The IC of claim 21, wherein said multifunction
clectronic timepiece further comprises a plurality of wheel
frains coupled to said step motors for transmitting the
rotation of said step motors to said plurality of indicators.

24. The IC of claim 22, wherein said multifunction
clectronic timepiece further comprises a plurality of wheel
frains coupled to said step motors for transmitting the
rotation of said step motors to said plurality of indicators.

25. An electronic timepiece comprising.

a plurality of indicators, at least one of said indicators
displaying at least 12 hour time and at least one of said
indicators displaying an additional time keeping func-
fton;

a CPU jfor outputiing at least a control signal,;

a plurality of drive pulse forming means for generating a
plurality of drive pulses;

a plurality of step motor means each receiving at least one
of said plurality of drive pulses and driving at least one
of said plurality of indicators in response thereto; and

selector means operatively coupled to said CPU and said
drive pulse forming means, for selecting one of said
step motor means in response to said control signal and
providing said drive pulses generated by one of said
plurality of drive pulse forming means to said selected
step motor means.

20. The electronic timepiece of claim 25, further com-
prising. a face, wherein said indicator displaying 12 hour
time is disposed at substantially the center of said face and
said indicators displaying an additional time keeping func-
tion are disposed arbitrarily on said face at a position away
from the center of said face.

27. The electronic timepiece of claim 25, wherein said
selector means comprises:

drive control means for outpuiting drive control data to at
least one of said plurality of step motor means in
accordance with said control signal; and

a plurality of drive pulse selector means for selecting
drive pulses to be supplied to said step motor means in
response to said drive control data.
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28. The electronic timepiece of claim 25, further com-
prising: a main bus, wherein said main bus connects said
CPU fto said selector means.

29. The electronic timepiece of claim 27, further
comprising, a main bus, a first common bus and a second
common bus; and wherein said CPU is connected to said
drive control means through said main bus, said drive
control means is connected to said drive pulse selector
means through said first common bus, and said drive pulse
forming means 1s connected to said drive pulse selector
means through said second common bus.

30. The electronic time piece of claim 25, wherein said
CPU, said plurality of drive pulse forming means and said
selector means are integrally formed as an IC chip.

31. The electronic time piece of claim 27, wherein said
CPU, said plurality of drive pulse forming means and said
selector means are integrally formed as an IC chip.

32. The electronic time piece of claim 28, wherein said
CPU, said plurality of drive pulse forming means and said
selector means are integrally formed as an IC chip.

33. The electronic time piece of claim 29, wherein said
CPU, said plurality of drive pulse forming means and said
selector means are integrally formed as an IC chip.

34. A multifunction electronic timepiece comprising:

a plurality of indicators, at least one of said indicators for
displaying a 12 hour time function and at least one of
said indicators for displaying at least one additional
lime keeping function.

a plurality of step motor means coupled to said plurality

of indicators for driving said plurality of indicators;

a CPU for outputting at least a control signal and a

frequency determining signal;

reference signal forming means for receiving said fre-

quency determinming signal and generating a reference
clock having a frequency generated as a function of
said frequency determining signal; and

a plurality of motor control means for receiving said

reference clock and said control signal and forming
drive pulses input to said plurality of step mortor means
in response to said reference clock and in response to
said control signals.

35. An IC chip for a mulfi-funcition analog electronic
watch having a plurality of motors and a plurality of
indicators driven by said moftors to display a function, said
IC chip comprising:

a plurality of motor drivers each for activating a respec-

I1ve motor;

a core CPU for outputiing a first control signal,;

a program memory operatively coupled to said core CPU
for storing software for actuating said core CPU, said
core CPU outputting said first control signal as a
function of said software; and

a motor drive controlling means operatively coupled to
said motor drivers for selectively outpuiting drive sig-
nals to said motor drivers, wherein said motor drive
controlling means includes a motor drive system con-
trolling means for storing drive mode for each of said
motors to enable said motor drive controlling means to

generate second conirol signals in response to said first
control signals;

a plurality of drive pulse forming means to generate
motor drive pulses; and

a plurality of motor driving selection means each receiv-
ing said motor drive pulses and said second control
signals to select and generate said driving signals to
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enable each of said motor drivers to activate said
respective motors for driving an indicator correspond-
ing to one of the functions of said mulii-function analog
electronic waich.

36. The IC chip of claim 35, in which said motor drive
controlling means is operatively coupled to said program
memory and further comprises a drive reference signal
forming means for generating a reference clock having a
reference frequency in response to said first control signal.

37. The IC chip of claim 306, in which said motor driving
controlling means further includes a plurality of motor clock
controlling means receiving said reference clock signal and
said second control signal for generating control trigger
signals in response to satd first control signal.

38. The IC chip of claim 37, in which said plurality of
motor clock controlling means each generates a number of
driving pulses as said control trigger signals.

39. An analog multifunction electronic watch comprising
a plurality of indicators,

a plurality of step morors;

at least one gear train mechanism coupling each step
motor to a respective indicator to display a function;
and

an IC chip including a plurality of motor drivers each for
activating a respective motor, a core CPU for outpui-
ling a first conirol signal; a program memory opera-
tively coupled to said core CPU for storing software for
actuating said core CPU, said core CPU outputiing
said first control signal as a function of said software;
and a motor drive conitrolling means operatively
coupled to said motor drivers for selectively outputiing
drive signals to said motor drivers, wherein said moitor
drive controlling means includes a motor drive system
controlling means for storing drive mode for each of
said motors to enable said motor drive controlling
means to generate second control signals in response to
said first control signals; a plurality of drive pulse
forming means to generate motor drive pulses; and a
plurality of motor driving selection means each receiv-
ing said motor drive pulses and said second control
signals to select and generate said driving signals to
enable each of said motor drivers to activate said
respective motors for driving an indicator correspond-
ing to one of the functions of said mulii-function analog
electronic watch.

40. An analog mulfifunction electronic watch comprising

a plurality of indicators,
a plurality of step motors;

at least one gear train mechanism coupling each step
motor to a respective indicator to display a function;
and

an IC chip including a plurality of motor drives each for
activating a respective motor, a core CPU for outpui-
ling a first conirol signal; a program memory opera-
tively coupled to said core CPU for storing software for
actuating said core CPU, said core CPU ouipuiting
said first control signal as a function of said software;
and a motor drive conitrolling means operatively
coupled to said motor drivers for selectively outputiing
drive signals to said motor drivers, wherein said moitor
drive controlling means includes a motor drive system
controlling means for storing drive mode for each of
said motors to enable said motor drive controlling
means to generate second control signals in response to
said first control signals; a plurality of drive pulse
forming means to generate motor drive pulses; and a

10

15

20

25

30

35

40

45

50

55

60

65

32

plurality of motor driving selection means each receiv-
ing said motor drive pulses and said second control
signals to select and generate said driving signals to
enable each of said motor drivers to activate said
respective motors for driving an tndicator correspond-
ing to one of the functions of said mulfi-function analog
electronic watch.

41. The analog multifunction electronic watch of claim
40, in which said motor drive controlling means 1s opera-
tively coupled to said program memory and further com-
prises a drive reference signal forming means for generating
a reference clock having a reference frequency in response
to said first control signal.

42. The analog muliifunction electronic watch of claim
41, in which satd mortor driving controlling means further
includes a plurality of motor clock controlling means receiv-
ing said reference clock signal and said second control
signal for generating control trigger signals in response 1o
said first control signal.

43. The analog multifunction electronic watch of claim
42, in which said plurality of motor clock controlling means
each generates a number of driving pulses as said control
rigger signals.

44. An electronic timepiece comprising;

a plurality of indicators, at least one of said indicators
displaying at least 12 hour time and at least one of said
indicators displaying an additional time keeping furnc-
fton;

a CPU for outputting at least a control signal,;

a plurality of drive pulse generators for generating a
plurality of drive pulses;

a plurality of step motors each receiving at least one of
said plurality of drive pulses and driving at least one of
said plurality of indicators in response thereto; and

at least one selector operatively coupled to said CPU and
said drive pulse generators, said at least one selector
selecting one of said step motors in response to said
control signal and providing said drive pulses gener-
ated by one of said plurality of drive pulse generators
lo said selected step motor.

45. The electronic timepiece of claim 44, further com-
prising. a face, wherein said indicator displaying 12 hour
ime is disposed at substantially the center of said face and
said indicators displaying an additional time keeping func-
tion are disposed arbitrarily on said face at a position away
from the center of said face.

46. The electronic timepiece of claim 44, wherein said at
least one selector comprises:

a drive controller outputting drive control data to at least
one of said plurality of step motors in accordance with
said control signal;, and

a plurality of drive pulse selectors selecting drive pulses
o be supplied to said step motors in response to said
drive control data.

47. The electronic timepiece of claim 44, further com-
prising: a main bus, wherein said main bus connects said
CPU to said at least one selector:

48. The electronic timepiece of claim 46, further com-
prising a main bus, a first common bus and a second
common bus; and wherein said CPU is connected to said
drive controller through said main bus, said drive controller
is connected to said drive pulse selectors through said first
common bus, and said drive pulse generators are connected
to said drive pulse selectors through said second common
bus.

49. The electronic time piece of claim 44, wherein said
CPU, said plurality of drive pulse generators and said at
least one selector are integrally formed as an IC chip.
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50. The electronic time piece of claim 46, wherein said
CPU, said plurality of drive pulse generators and said at
least one selector are integrally formed as an IC chip.

51. The electronic time piece of claim 47, wherein said
CPU, said plurality of drive pulse generators and said at
least one selector are integrally formed as an IC chip.

52. The electronic time piece of claim 48, wherein said

CPU, said plurality of drive pulse generators and said at
least one selector are integrally formed as an IC chip.
53. A multifunction electronic timepiece comprising:

a plurality of indicators, at least one of said indicators for
displaying a 12 hour time function and at least one of
said indicators for displaying at least one additional
lime keeping function;

a plurality of step motors coupled to said plurality of
indicators so as to drive said plurality of indicaiors;

a CPU for ouiputting at least a conirol signal and a
frequency determining signal;

a reference signal generator receiving said frequency
determining signal and generating a reference clock
having a frequency generated as a function of said
frequency determining signal; and

a plurality of motor controllers receiving said reference
clock and said conitrol signal and forming drive pulses
input to said plurality of step motors in response fo said
reference clock and in response to said control signals.

54. An IC chip for a mulli-function analog electronic

watch having a plurality of motors and a plurality of
indicators driven by said motors to display a function said
IC chip comprising:

a plurality of motor drivers each for activaiing a respec-

i1ve moftor;

a core CPU jfor outputting a first control signal;

a program memory operatively coupled to said core CPU
for storing software for actuating said core CPU, said
core CPU outputting said first control signal as a
function of said software; and

a motor drive controller operatively coupled to said motor
drivers for selectively outputting drive signals to said
motor drivers, wherein said motor drive controller
includes a motor drive system conirvoller for storing
drive mode for each of aid motors to enable said motor
drive controller to generate second control signals in
response to said first control signals;

a plurality of drive pulse generators to generate motor
drive pulses; and

a plurality of motor driving selectors each receiving said
motor drive pulses and said second conirol signals to
select and generate said drive signals to enable each of
said motor drivers to activate said respective morors
for driving an indicator corresponding to one of the
functions of said multi-function analog electronic
waitch.

55. The IC chip of claim 54, in which said motor drive
controller is operatively coupled to said program memory
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and further comprises a drive reference signal generator
generating a reference clock having a reference frequency in
response to said first control signal.

56. The IC chip of claim 55, in which said motor driving
controller further includes a plurality of motor clock con-
trollers receiving said reference clock signal and said sec-
ond control signal, and generating control trigger signals in
response to said first control signal.

57. The IC chip of claim 56, in which said plurality of

motor clock controllers each generates a number of driving
pulses as said control trigger signals.

58. An analog multifunction electronic watch comprising
a plurality of indicators,

a plurality of step motors;

at least one gear train mechanism coupling each step
motor to a respective indicator to display a function;
and

an IC chip including a plurality of motor drivers each for
activating a respective motor, a core CPU for outpuit-
ling a first control signal; a program memory opera-
fively coupled to said core CPU for storing software for
actuating said core CPU, said core CPU outputiing
said first control signal as a function of said software;
and a motor drive controller operatively coupled to
said motor drivers for selectively outpuiting drive sig-
nals to said motor drivers, wherein said motor drive
controller includes a motor drive system controller for
storing drive mode for each of said motors to enable
said motor drive controller to generate second control
signals 1n response to said first control signals; a
plurality of drive pulse generators to generate motor
drive pulses; and a plurality of motor driving selectors
each recerving said motor drive pulses and said second
control signals to select and generate said drive signals
o enable each of said motor drivers to activate said
respective motors for driving an indicator correspond-
ing to one of the functions of said mulii-function analog
electronic watch.

59. The analog muliifunction electronic watch of claim
58, tn which said motor drive controller is operatively
coupled to said program memory and further comprises a
drive reference signal generator generating a reference
clock having a reference frequency in response to said first
control signal.

60. The analog mulfifunction electronic waich of claim
59, in which said motor driving controller further includes
a plurality of motor clock controllers receiving said refer-
ence clock signal and said second control signal, and
generating control trigger signals in response to said first
control signal.

01. The analog multifunction electronic watch of claim
60, in which said plurality of motor clock controllers each
generates a number of driving pulses as said control trigger
signals.
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