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of No. 9-18, 1-chome, Nishishinjuku, Shinjuku-ku, Tokyo, Japan, do hereby
declare the invention, for which we pray that a patent may be granted to
us, and the method by which it is to be performed, to be particularly
described in and by the following statement:- 5    This invention relates,
in general, to electronic timepieces. systems. and, more    5 particularly,
to electronic timepieces with low power consumption. Until now, there has
been an increasing trend towards miniaturization in electronic timepieces,
whose size is primarily determined by such elements as a crystal
oscillator, pulse motor, display elements, and battery. Together with this
trend, it is also true that the 10  market appeal of such a timepiece is
appreciably affected by its operating lifetime, before  10 replacement or
recharging of the battery must take place. This is primarily determined by
the power required to drive such elements as a frequency divider, pulse
motor and crystal oscillator, together with the leakage current of the
battery itself. In the case of a mechanically driven display, the
improvements which. have taken place in the design of 15  gearwheel
mechanisms in recent years, together with more efficient designs of motors,
have  15 reduced the level of power required for display driving to as low
as [err]. as compared with the level of [err] required several years
previously. In the case of an electronic timepiece utilizing a liquid
crystal type display, the power required to drive the display is less than
0.5 [err]. Thus, if the power required for display driving were the only
factor in battery power 20  consumption, it would be possible to use
batteries of one tenth the capacity of those used  20 previously or to have
an operating lifetime of as long as ten years before battery replacement.
However, at the present time, the power consumption in an electronic
timepiece other than the power used in display driving is of the order
[err] to [err]. Of this consumption, two thirds is required by the crystal
oscillator circuit and one third for 25  frequency divider circuits and
other circuits. Thus, it can be reasonably stated that the main  25
obstacle to the recent trend towards timepieces of thinner shape and longer
battery lifetime can be attributed to the various electronic circuits
incorporated within the timepiece. According to the present invention there
is provided an electronic timepiece having a power source, comprising:. a
frequency standard source; a frequency converter coupled to 30
said.frequency standard source to divide the standard frequency output of
said frequency  30 standard source to provide lower frequency outputs pulse
signals; a timekeeping circuit driven by said output pulse signals; display
means for displaying the contents of said timekeeping circuits; and
a.voltage conversion system coupled to the power source to provide a lower
output voltage than that of the power source to operate at least one of
said 35  standard frequency source, frequency converter, timekeeping
circuit and display means at  35 the lower output voltage from said voltage
conversion system, said voltage conversion system including a plurality of
electric energy storage means, and means. for switching connections of said
plurality of electric energy storage means relative to the power source for
thereby providing said lower output voltage. 40    By supplying power to a
circuit such as the frequency converter at a lower voltage than  40    2
1  567  474 that of the power source, the power dissipated within such
circuit 'is reduced by the reciprocal ofthe square of the voltage
reduction. If the. voltage supplied is reduced to one halfof the power
source voltage, then the power consumption is proportional to a value of
[err], i.e. one fourth of the consumption when the full power source
voltage is applied, or 5 one twenty-fifth if the voltage applied is reduced
to one fifth of the battery power. source.   5 



Thus,it becomes possible to design electronic timepieces which are thinner
in size and have. longer battery lifetime than conventional timepieces,
due' to having substantially reduced power consumption. To achieve the
maximum degree of timekeeping accuracy in an electronic timepiece, it is 10
necessary that the crystal oscillator which functions as a timekeeping
frequency standard  10 has negligible drift in frequency when subjected to
changes in temperature, or that such changes are cancelled by some means of
compensation. In embodiments of the present invention, it is also possible
to incorporate such compensation means within the voltage conversion
circuitry, such that, in the case of a wristwatch, temperature changes of
the case 15  of the watch caused by contact with the wearer's body or by
ambient air temperature  15 fluctuations have virtually no effect' upon
timekeeping accuracy. The present invention is highly suitable for
application to a multifunction timepiece such as a multi-alarm type
wristwatch, a calendar timepiece, etc. In the accompanying drawings:- 20
Figure 1 is a block diagram of an electronic timepiece incorporating a
voltage conversion  20 system according to the present invention; Figure 2
is a detail circuit diagram of a preferred form of the voltage conversion
system shown in. Figure 1 to. provide an output voltage which is one half
of a battery voltage; Figure 3A is a partially detailed circuit diagram of
another preferred form of the voltage 25  conversion system adapted to
provide an output voltage of one third of the battery voltage;  25 Figure
3B is. a diagram showing a modification of the circuit of Figure 3A,
whereby the output impedance presented to the load is reduced; Figures 4A
and 4B are simplified diagrams showing the basic functioning of the voltage
conversion system; 30    Figure 5 is a partially detailed circuit diagram
of an example of a timepiece circuit in  30 which voltage conversion
circuit together with a voltage stabilizer circuit are incorporated; Figure
6A is a block. diagram showing another example of a timepiece circuit
according to the present invention in which the voltage conversion system
is incorporated together with a means of compensating any frequency drift
of the crystal oscillator due to temperature 35  changes;
35 Figure 6B is a partial circuit diagram of a circuit to generate a signal
proportional to the square of an input frequency, for use with the circuit
of Figure 6A; Figures 6C and 6D are waveform diagrams for the circuit of
Figure 6B; Figure 7 is a detail circuit diagram of a level shifting circuit
whereby signals produced in: 40  circuitry operated from a low supply
voltage are level shifted for application to circuitry  40 operated- from a
higher voltage supply; Figure 8 is a partially detailed circuit diagram of
an embodiment of the present invention whereby voltages of one half and
twice the battery voltage of the timepiece are produced for application to
a display driver unit; 45    Figure 9A is a simplified diagram illustrating
the arrangement of a liquid crystal display  45 matrix; Figure 9B is a
waveform diagram for the circuit of Figure 9C; Figure 9C is a detail
circuit diagram of a portion of a display drive circuit for a liquid
crystal display; 50    Figures 10A  and 10B are graphs illustrating the
effects of voltages applied to  50 electrochromic display' elements; Figure
10C is a circuit diagram of an example of a driver circuit for
electrochromic display elements; Figure l0D is a circuit diagram of an
example of a driver circuit for electrochromic display 55  elements
utilizing the voltage level conversion system of the present invention, and
55 Figure 10E is a waveform diagram for the circuit of Figure 10D; Figure
A  is apartial circuit diagram illustrating a method of applying the
voltage conversion system  of the present invention to a timepiece of an
electromechanical transducer type; and 60    Figure 11B is a waveform
diagram for the circuit of Figure 11A.                  60 Referring now to
Figure 1 in which the thick lines indicate paths of energy flow while the
thin lines indicate paths of signal flow, there is shown a. block. diagram
of an electronic timepiece incorporating a voltage conversion system
according to the present invention. As shown, the electronic timepiece
generally comprises a power source 10, a voltage 65  conversion system 12
including a signal generator circuit 14 and a voltage converter circuit 65
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16, a frequency standard source 18, a frequency converter 20, a time
keeping counter 22 a signal voltage level shifter circuit 24 and a display
system 26. The power source 10 may comprise a silver oxide battery or a
combination of a solar cell and a rechargeable battery, for example. 5
The. signal generator circuit 14 comprises an axiliary oscillator circuit
arranged to provide   5 an output signal, and a waveform shaping circuit
coupled to the output of the oscillator circuit to provide output signals
complementary to each other. The auxiliary oscillator circuit may comprise
CMOS inverter stages connected as a ring oscillator. The waveform shaping
circuit may comprise an inverter stage as will be described in detail
hereinafter. The 10  voltage converter circuit 16 contains a number of
switching elements which are  10 synchronously driven by output signals
from the waveform shaping circuit, to provide a reduced voltage of, for
example, one half of the output voltage of the power source 10. appearing
on lead 17 as [err]. This voltage is supplied to the frequency standard
source 18, frequency converter 20 and timekeeping counter circuit 22, which
are operated at a low 15  voltage level.
15 The frequency standard source 18 may comprise a crystal controlled
oscillator circuit which oscillates at a frequency of, for example, 32, 768
Hz. This relatively high frequency is supplied to the frequency converter
20 in the form of a divider which divides down the frequency from the
source 18 so that the output from the converter 20 is low frequency of, 20
for example, 1 Hz. This signal is applied to the time counter circuit 22
which produces  20 various output signals including time and calendar
information. These output signals of small voltage amplitude are applied to
the level shifter circuit 24, which is operated at a high voltage such as a
supply voltage level of the power source 10. The level shifter circuit 24 -
functions to change the voltage level or amplitude of the .various output
signals from the 25  time counter circuit 22 without changing the
information carried thereby. It should be noted  25 that the number of
signal paths and the signal frequency applied to the level shifter circuit
will vary in accordance with where level shifter circuit 24 is positioned.
If it is placed previous to the time-keeping circuits, then power
consumption is increased due to the higher frequency. On the other hand, if
it is placed after the timekeeping circuits, power 30  consumption is
reduced but the number of the level shifter circuits is increased.  30 Time
or other information held in the timekeeping counter 22 is displayed by the
display system 26, which incorporates a display drive circuit and a display
device. Figure 2 shows a preferred form of the voltage conversion system
shown in Figure 1. As shown, the signal generator circuit 14 comprises an
oscillator circuit 30 coupled to the 35  battery 10 and operated at a
supply voltage of 1.6 V, and a waveform shaping circuit 32  35 coupled to
an output of the oscillator circuit 30. The oscillator circuit 30 comprises
a plurality of stages of inverter circuits 31, 33, and 35 arranged in a
ring configuration, each of which comprises a complementary pair of a
P-channel metal oxide semi-conductor field effect transistor (hereinafter
referred to as a P-channel MOSFET) 30a and an N-channel 40  metal oxide
semiconductor field effect transistor (hereinafter referred to as an
N-channel  40 MOSFET) 30b connected between the positive supply line VDD
and the negative supply line [err] of the battery 10. The gate electrodes
of the P-channel MOSFET 30a and the' N-channel MOSFET 30b are coupled
together and connected to the output of the inverter circuit 35, i.e., the
connected node of the drain electrode of the P-channel MOSFET 30"a 45  and
the drain electrode of the N-channel MOSFET 30"b. Likewise, the gate
electrodes of  45 the P-channel MOSFET 3049a and the N-channel MOSFET 30'b
are coupled together and connected to the output of the inverter circuit
31, i.e., the connected node of the drain electrode of the P-channel MOSFET
30a and the drain electrode of the N-channel MOSFET 30b. The gate
electrodes of the P-channel MOSFET 30"a and the N-channel 50  MOSFET 30"b
are coupled together and connected to the output of the inverter circuit
33, -50 i.e., the connected node of the drain electrode of the P-channel
MOSFET 30'a and the drain electrode of the N-channel MOSFET 30'b. As
previously noted, the source electrodes of the P-channel mosfets 30a, 30'a
and 30"a are coupled in parallel to the positive' supply line VDD of the
battery 10, while the source electrodes of the N-channel MOSFETs 30b, 55
30'b and 30"b are coupled in parallel to the negative supply line [err] of
the battery 10. The  55 oscillator circuit 30 thus arranged will oscillate
at a frequency between 100 and 1000 Hz to provide an output signal 0o on
lead 34. The current drain of the oscillator circuit 30 is between [err]
and [err]. Low GM (mutual conductance) FETs are preferably used, for
example, the P-channel FETs 30a, in order to reduce the current which flows
in each 60  inverter stage during instants when both are turned on
simultaneously, i.e. during voltage  60 level transisitions. The current
drawn by the oscillator circuit may also be reduced be connecting it to the
power source via a high value of resistance. The output signal [err] on
lead 34 is applied to the waveform shaping circuit 32. The waveform shaping
circuit 32 comprises a plurality of stage of inverter circuits 36, 38 



65  and 40, each of which comprises a complementary pair of a P-channel
MOSFET 32a and an  65    1 567 474                                   4
N-channel MOSFET 32b. Waveform shaping of the output signal [err] from the
oscillator circuit 30 is performed by the inverter circuit 36, whose output
is applied 'to two series-connected inverter circuits 38 and 40. The
outputs from the inverter circuits 38 and 40' are indicated as [err] and
[err], respectively, these signals being complementary to each other. 5
Signals [err] and [err] are applied to the voltage converter circuit 16.
lt'should be noted that it is 5 not necessary to the present invention that
signals [err] and [err] be precisely complementary. It is possible, for
example, to apply an multi-phase signal to the voltage converter circuit,
together with its inverse, by applying the outputs of adjacent inverters in
the auxiliary oscillator circuit to a decoder circuit such as an exclusive
OR circuit. This is because of the 10  fact that the output signals from
odd-numbered inverters in the auxiliary oscillator circuit  10 are of the
same level but different in phase. For the voltage converter circuit shown
in Figure 2, however, a single phase pair of complementary signals are
utilized by way of example. The voltage converter circuit 16 comprises a
plurality of electric energy storage means 41, 15  and a switching means 42
for alternately setting the plurality of electric energy storage  15 means
into a parallel connection condition and a series connection condition
between the positive supply line VDD and the negative 'supply line [err] in
response to the output signals from the signal generator 14. In Figure 2,
the electric energy storage means 41 is shown as comprising a first
capacitor C, and a second capacitor [err]. The switching means 42 is 20
composed of a plurality of switching elements, i.e., a complementary pair
of a P-channel 20 MOSFET 44 and an N-channel MOSFET 46, and first and
second transmission gates 48 and 50, each composed of a P-channel MOSFET
and an N-channel MOSFET. The gate electrodes of the P-channel MOSFET 44 and
the N-channel MOSFET 46 are coupled together and connected to, the output
of the inverter circuit 38 of the waveform shaping '25  circuit 32, to
which control terminals of the transmission gate 48 and 50 are also
connected. 25 The source electrodes of the P-channel MOSFET 44 and the
N-channel MOSFET 46 are coupled to the positive supply line [err] and the
negative supply.line [err], respectively. The drain electrodes of the
P-channel MOSFET 44 and the N-channel MOSFET 46 are coupled together via
the second capacitor C2. The first transmission gate 48 has an electrode
cou pled 30  to the first capacitor [err] and the other electrode coupled
to the drain electrode of the  30 P-channel MOSFET 44 and the second
capacitor [err]. Similarly, the second transmission gate 50 has an
electrode coupled to the first capacitor C, and the other electrode coupled
to the second capacitor C2 and the drain electrode of the N-channel MOSFET
46. The control terminals of the transmission gates 48 and. 50 are coupled
to the output of the inverter 35  circuit 40 of the waveform shaping
circuit 32.                     35 With the arrangement mentioned above,
when the output signal 0 goes to a high logic' 'level, the switching
elements 46 and 48 are turned on whereas the switching elements 44 and 50
are turned off. Thus, the capacitors [err] and [err] become connected in
series with each other across the power source 10. In this state capacitor
[err] and [err] each will become charged 40  'and the sum of the charged
voltage is equal to the of the power source 10. When, now, the: 40 output
signal goes to a low logic level , the switching element 44 and 50 are
turned on whereas the switching elements 46 and 48 are turned off. In this
condition, the capacitors [err] and [err] have thereby become connected in
parallel with each other to make the charge voltages  equal to each other.
Thus, this voltage i.e. [err] appears at the output 17. 45    It is
possible to use capacitors [err] and [err] which are not identical in
value. However, since  45 in this case the voltage to which each becomes
charged when they are connected in the series state will not be identical,
Joule losses due to charge transfer for voltage equalization will occur
when they are switched into the parallel connection state. This will result
in a loss in efficiency. By cyclically switching signals [err] and [err] at
a sufficiently high frequency, a fixed '50  output voltage of a value equal
to one half the battery voltage is thus obtained at output 50 terminal 17;
the output voltage at terminal 17 will be constant assuming' the battery
voltage is constant. It is convenient that the output voltage conversion
ratio of this circuit is decided by only the circuit connection
independently of the value in capacitances. It should be noted that for the
P-channel MOSFET 44, 46 and gates 48, 50 the impedance 55  in the OFF
statemust be extremely high and the leakage current from source to drain
must 55 be very small, in order to prevent losses due to the potential
applied between its source and drain in the OFF state. It is also possible
to utilize a system which does' not incorporate the type of auxiliary
oscillator shown in Figure 2. Instead, switching signals for the voltage
converter circuit 16 



60  may be supplied from the crystal oscillator circuit which' functions as
the time standard  60 signal source, or from a frequency divider stage
connected to the crystal oscillator output. In this case, the battery
voltage would be applied directly to the crystal oscillator circuit. It is
also possible to utilize an auxiliary oscillator of other configuration
than that shown in the example of Figure 2. The low voltage obtained by
level conversion in this case may be used 65  in matrix driving of a liquid
crystal display, or for supplying low 'level bias voltages to  65    5
1 567 474 various parts of the circuitry. Figure 3A shows another preferred
arrangement adapted to provide a voltage of one third of the timepiece
battery voltage. In Figure 3A, a battery 10 supplied power to an auxiliary
oscillator circuit 30, whose output is applied to a waveform shaping
circuit 32 5  including inverters 36, 38 and 40. When output signal 0 from
inverter 38 goes to the high   5 logic level, then N-channel MOSFET 54
together with transmission gates 62 and 58 are turned on. Three capacitors
[err], [err] and [err] are thereby effectively connected in series with
each other and with the power source 10 and are charged therefrom. When the
output signal 0 subsequently goes to the low logic level, then the MOSFET
54 and transmission 10  gates (referred to hereinafter as TGs) 62 and 58 go
to the OFF state, while P-channel  10 MOSFETs 52 and 56 and TGs 64 and 60
go to the ON state. Capacitors C1, C2 and C3 are thereby connected in
parallel. If these capacitors are each of equal value, then they will each
have been charged to one third of the voltage of power source 10. Thus when
they are now connected in the parallel condition, a voltage of one third of
the battery voltage 15  appears at output terminal 17'. Even if the three
capacitors Cl, C2 and C3 are of unequal  15 values, one third of the
voltage which is the average of the voltages to which each capacitor has
been charged will appear at output terminal 17'. However, as stated
previously, for optimum efficiency  of operation, capacitors of identical
value are preferable. It should be noted that the larger the value of
capacitors C1, C2 and C3, the lower will be 20  the output impedance
appearing at terminal 17'. On the other hand, from the point of view   20
of minimizing component costs, these capacitors should be as small as
possible. In Figure 3B, a system is shown whereby these conflicting
requirements for capacitor size may be reconciled. Within the voltage
conversion system 12', capacitors of low value are used. A transmission
gate 70 switches the output from voltage conversion system 12' into a 25
comparatively large value buffer capacitor C4. It should be noted that
switching element 70  25 connects the output of the voltage conversion
system 12' to capacitor C4 only while the three capacitors within the
voltage conversion system 12' (corresponding to [err], [err] and [err] in
Figure 3A) are effectively connected in parallel. Thus, any Joule losses
due to charge being transferred to capacitor C4 while the capacitors within
the voltage conversion system 30  12' are being charged from the voltage
source, are prevented. With the arrangement shown  30 in Figure 3B, the
output impedance presented to the load is reduced. Figure 4A and 4B
illustrate the way in which a voltage equal to m/n times a source voltage
may be obtained. Assume that each of the capacitors 72-1 to n/m has the
capacity value [err], and that the source voltage is [err] (i.e., the
potential difference between [err] and [err]), also 35  that the capacitors
have not been charged previously. When connection is now made as  35 shown
in Figure 4A, a charge Q equal to [err] is stored in each capacitor, and a
voltage of [err] appears across the terminals of each. In Figure 4A, m
columns of capacitors, containing capacitors equally charged as stated
above, are connected in parallel. If now, these capacitor connections are
rearranged as 40  shown in Figure 4B, maintaining the same capacitor charge
conditions as in Figure 4A, then  40 a voltage of mVo/n will appear across
the set of n columns of m capacitors. It should be understood that this
example is only provided to enable a clear understanding of the principles
of operation of the present invention. In practice, a lower number of
capacitors will normally be sufficient. Two ways in which the number of 45
capacitors may be reduced will now be described.
45 (1) If n/m > 1/2, then it follows that (1 - n/in) < 1/2. Thus, it is
possible to utilize the difference between the output voltage of a voltage
conversion system and the power source voltage to provide a voltage [err]
(1 - n/in). If the capacitors were arranged as described in the previous
paragraph, then to obtain this voltage, nm capacitors of equal value would
be *     50  required. Thus, it is possible to save a total of (m/2 -n)
capacitors if n is made greater than  50 (2) Where m columns of n series
connected capacitors are reconnected to provide n columns of m series
connected capacitors, each of the latter columns of series connected
capacitors may be replaced by a single capacitor of low value. Thus, if
there were n columns 55  of n series connected capacitors, i.e. a total of
n2 capacitors, these can be replaced by n  55 



capacitors each having the value 1/n. A mode in which the voltage
conversion is performed in the circuit shown in figures 2, 3 and 4 will now
be summarized. Firstly, capacitors are connected in series with each other
and with the power source and 60  are charged therefrom. A plurality of
columns of series connected capacitors may be  60 connected in parallel
with the power source or one of the capacitors may be connected in parallel
with the other one of the capacitors. The series connected capacitors or
the columns of series connected capacitors charged in the above mode are
then connected in parallel with one another, and the charged voltages will
be equalized. It is required in a no-load 65  steady state that the charged
voltages in the capacitors be equal to each other just before  65    6
1 567 474                                     6 the series connected
capacitors are rearranged in a parallel connected condition. If this
requirement is not met,. the efficiency is reduced. The. equalizing
connections may. be sequentially performed in plural states or alternately
in various modes combined with the first mode. 5    As previously noted, it
is possible to provide a voltage of mVo/n with the use of mn  5 capacitors
provided where n and m are integers and n < m. In a modified arrangement, m
capacitors are first connected. in series with the power source and charged
therefrom. One of m capacitors is then sequentially connected in parallel
with each of the remaining capacitors (m - 1) to equalize the voltage
across the terminals of each, providing a voltage 10  [err]. The (m - l)
capacitors remain connected in series, and an output voltage will be 10
obtained at terminals of n capacitors connected. in series. In Figure 5,
the voltage conversion system is shown as combined with a voltage
stabilizer circuit whose operation is based upon the threshold voltages
developed by semiconductor active circuit elements. The arrangement shown
in Figure 5 is effective for timepieces 15   utilizing such power sources
as lithium batteries, which have high power and long life. 15 However the
voltage developed by a lithium type of battery is rather high for use with
an electronic timepiece, approximately 3.2V. In Figure 5, a battery 90 is
connected to an auxiliary oscillator circuit 91 including' inverters 92, 94
and 96, these inverters being connected as a ring oscillator with extremely
20  low current drain. The output of each inverter is delayed by. 2n/3 in
phase with respect to 20 the other stages. Waveform shaping of the output
from this auxiliary oscillator formed by 'inverters 92, 94 and 96 is.
performed by a waveform shaping circuit 98 composed. of MOSFETs 100, 102,
104 and 106. The output from the waveform shaping circuit is sent through
inverter stages 108 and 110 to a voltage conversion circuit 112 including a
switching 25   circuit 114 and capacitors 116 and 118. Down conversion to a
level of one half of the battery .25 .voltage is thereby accomplished as
described above for other embodiments of this invention. The output from
the voltage converter circuit 112 is applied to a. voltage stabilizer
circuit 120: A voltage control reference, with characteristics similar to
those of a Zener diode is formed by an inverter gate 122 with dc negative
feed-back loop connection. 30   The voltage developed across the inverter
122 is equal to the sum of the absolute values of 30. the threshold
voltages of the P-channel and N-channel MOSFETs and can be stated as [err].
The inverter 122 is connected in series with a P-channel MOSFET 124
connected as a source follower, so that the total voltage developed across
the combination is [err] N-channel MOSFET 126 functions as a high value
resistor,whereby a 35  small current is drawn 'through the inverter 122 and
MOSFET 124. P-channel MOSFET 128 35 has a large current carrying capacity,
and functions as a source follower circuit,. so that.the .output voltage at
the source of MOSFET 128 differs from the voltage at its gate by the amount
[err], i.e. the threshold voltage of the MOSFET 128. Since the voltage ap
lied to the gate of MOSFET 128 is the sum of the voltages across the
inverter 122 and MOSFET 40   124, the voltage dropped across MOSFET 124
compensated for. the gate-to-source voltage 40 drop in MOSFET 128. Thus,
the output voltage at the source of MOSFET 128 is equal to the voltage
across the inverter 122, i.e. (IVTPI + VTN). Since any change in the
magnitude of this voltage due to variations in the manufacturing'process of
the CMOS integrated circuit of the timepiece is equal to the change in
value of the threshold voltage. of CMOS '45  transistors supplied from the
source terminal of MOSFET 128, this circuit ensures precise 45 regulation
of the supply voltage, irrespective of process variations. The output of
the voltage stabilizer circuit 120 is applied to a frequency standard 130
such that the current consumption will be reduced to a small and desired
value and an output frequency is not affected by variations in the supply
voltage from the battery. 50     The frequency standard 130 is controlled
by a quartz crystal 132 to generate an output 50 



signal at a relatively high frequency. The output signal from the frequency
standard 130, is applied through a waveform shaping circuit 134 to a
frequency converter 136 in the form of' a divider which divides down the
frequency from the standard 130 to a lower frequency signal. Time counter
circuit 138 receives a relatively low frequency signal from the 55
frequency converter 136, and is operated at. the same relatively low supply
voltage as' 55 frequency standard 130 with litte loss in power efficiency.
Frequency converter 136, which presents' a high mean impedance to its power
source, is also operated from a lower voltage' supply, for maximum
efficiency. Level shifter circuit 140 and display system 142 function as
previously described. 60     Figure 6A shows another example of an
electronic timepiece incorporating a temperature 60 compensation circuit
associated with a voltage conversion system according to the present
invention. The electronic timepiece comprises a power source 150 to which
an auxiliary oscillator circuit 152' is coupled. The auxiliary oscillator
circuit 152 functions not only as a temperature sensitive oscillator 65
but also a signal generator for the voltage converter, and includes three
inverters 154, 156 65    1 567'474 and 158, of low mutual conductance. The
frequency of the oscillator 152 is controlled by a trimming capacitor 160
and a resistor 162. Either capacitor 160 or resistor 162 has a linear type
of variation in value with respect to temperature, such that the frequency
of oscillator 152 varies in linear fashion with changes in temperature.
Alternatively, these elements 160 5  and 162 may be dispensed with and, in
place thereof, the ring oscillator circuit may be   5 arranged such that it
generates an output frequency varying in phase in proportion to the
variations in ambient temperature. In this case, the ring oscillator may be
preferably combined with the stabilizing circuit 120 shown in Figure 5.
Either or both capacitor 160 and resistor 162 may be connected externally
to the integrated circuit chip of the oscillator 10  152, so that, for
example, resistor 162 may comprise a thermistor or capacitor may comprise
10 a temperature sensitive capacitor. In this case, adjustment of the
frequency of the oscillator 152 may be accomplished by manually adjusting
such an external component. Alternative- ly, the resistor 162 may be
incorporated within the integrated circuit ship of the oscillator circuit,
while the capacitor 160 may be composed of stray capacitance. Such a method
will 15  be possible provided that sufficient consistency of
reproducibility can be maintained in  15 integrated circuit manufacture. If
a silver oxide type of battery is used for power source 150 and the
temperature coefficient of oscillator 152 is large, then the battery
voltage may be applied directly to inverters 154, 156 and 158. However, if
a manganese type of battery is used (in the case of a 20  timepiece for use
in the home, for example), or if temperature. sensing is performed by  20
on-chip components as mentioned above, so that the temperature coefficient
of oscillator 152 is not large, then it is desirable to supply oscillator
circuit 152 from a simple voltage regulator circuit. A suitable type of
regulator circuit is that described hereinabove with reference to 120 in
Figure 5, since this regulator provides not only compensation for 25
changes in transistor characteristics caused by variations in manufacturing
processing but 25 also compensation for battery supply voltage. Block 164
in Figure 6A represents a voltage converter circuit as described
hereinafter, being switched by output signal [err] and [err] from the
auxiliary oscillator 152. A crystal controlled frequency standard source
166 is coupled to the output of the voltage converter 30  circuit 164 and
operated at a low supply voltage of [err]. The output signal from the  30
frequency standard source 166 is applied to a first frequency converter
section 168 which is also operated at the supply voltage level of [err]. In
the case of an X-cut crystal being utilized in the frequency standard
source 166, the frequency f of a signal whose component frequencies when
summed together provide a 35  temperature compensated frequency may be
expressed:                                 35 [err] where [err] is the
frequency at a designated reference temperature, [err] is temperature and a
and 40  [err] are constants, such that [err], [err].
40 A relatively low frequency signal from the 1st frequency converter
section 168 is applied to a temperature compensation circuit 170 to which
an output signal [err] is applied from the auxiliary oscillator circuit 152
via lead 153. The temperature compensation circuit 170 generally comprises
a data type flip-flop 172, a frequency squaring circuit 174, a second 45
frequency converter section 176, a first frequency summing gate 178, an
inverter 179, a data  45 type flip-flop 180 serving as a synchronizing
circuit, a third frequency converter section 182, and a second frequency
summing gate 184. 



In Figure 6A, the first frequency component (i.e. "1" within the brackets
in the above equation) corresponds to the path in which the output of the
frequency standard source 166 50  is applied to one input of the frequency
summing gate 178 and hence through another  50 frequency summing gate 184
to final frequency converter section 186 and time counter circuit 190. The
second term within the brackets of the above frequency equation corresponds
to the circuit path through the data type flip-flop 180 and the frequency
converter section 182 into the frequency summing gate 184. The term
corresponding to the 55  square of the temperature component in equation
(1) above is represented by the path  55 through the data type flip-flop
172, frequency squaring circuit 174 and the second frequency converter
section 176. The data type flip-flop 172 serves as a frequency sampling
circuit to produce a sample output signal whose frequency is proportional
to the number of cycles per second by which 60  the frequency of the
auxiliary oscillator circuit 152 has varied from a preset reference  60
frequency (such a frequency might be fo/32 thatgenerated at a specific
preset temperature, [err], for example). With oscillator 152 output [err]
applied to the clock input of the data type flip-flop 172 and the output of
frequency converter section 168 applied to the data input of flip-flop 172
then if the frequency'of the output signal [err] is an exact submultiple of
the 65  frequency of the output of the frequency converter section 168, the
output of the flip-flop  65    8                                      1 567
474 172 will be zero Hz. For example, the output of the first frequency
converter section 168  - might be 16,384 Hz and that of the auxiliary
oscillator circuit 152 might be 1,024Hz. If now the frequency of the
oscillator circuit 152 changes to 1,023 Hz, then a difference frequency
signal N 16 x (1,024-1, 023) Hz, i.e. approximatey 16Hz will be produced by
the flip-flop 5  172. The frequency of this output from the flip-fl op 172
is designated x in Figure 6A.   5 The frequency squaring circuit 174
produces an output signal of frequency proportional to the square of input
signal frequency x. The output of the squaring circuit 174 is applied to
the second frequency converter section 176 whose output  is applied to the
frequency summing gate -178 together with the output of the first frequency
converter section 168  to 10  produce a signal whose frequency represents
the deviated frequency of [err] term  10 in equation (1) above. Output
[err] from the auxiliary oscillator circuit 152 is set in synchronism with
the output from the frequency standard source 166 (but displaced in phase
by [err] with respect to the standard source 166 output)' by applying the
[err] signal to the data input terminal of the data 15  type flip-flop 180
and the standard source 166 output signal (inverted by the inverter 179) to
15  e the clock terminal of the flip-flop 180. The synchronized output from
the flip-flop [err] is divided in frequency by a suitable factor in the
third frequency converter section 182, and then is added to the output from
the frequency summing gate 178 in the frequency summing gate 184. 20
Thus, the frequency of the output of the summing gate 184 is the sum of
three signal 20 frequencies. One of these is a direct subdivision of the
output from the crystal controlled frequency standard (i.e. 166 output),
another is a frequency which varies linearly with temperature (i.e., the.
output from the the third frequency converter section 182) and the third is
a-frequency which varies with the square of the temperature (i.e. the
output from 25  the second frequency converter section 176). Note that
since in this example exclusive-OR  25 gates are used for frequency
summation, the inversion of the clock signal applied to the flip-flop 180
brought about by the inverter 179 is necessary, in order to bring about' a
corrcet phase difference relationship with the output from the summing gate
178 for frequency summing to be performed in the frequency summing gate
184. 30    The output from the summing gate 184 is applied to the fourth or
final frequency  30 converter section 186, whose output passes to the time
counter circuit 190. The time counter circuit 190 produces time signals
which drive the display system 192, and also in the example of Figure 6A
produces a signal REF which is used in the frequency squaring circuit 174.
'The operation of a circuit example for block 174 will now be described. 35
Referring to Figure 6B and the waveform diagram of Figure 6C, an input
signal x is  35 applied from the flip-flop 172 in Figure 6A. Input signal
REF is a pulse train of low duty cycle as shown in Figure 6C which remains
at the high and low logic levels for fixed periods of time. Although REF is
shown as being generated by the time counter circuit 190 of Figure 6A, REF
may also be produced from a frequency converter circuit capable of 40
providing suitable pulses. REF is inverted and synchronized with the timing
of trigger clock  40 pulses [err]  in a data type flip-flop 200, providing
QREF. By applying the data input and the Q output of the flip-flop 200 to a
NANDgate 202, shaped output signal R is produced, with 



duration equal to one cycle of clock pulses [err]. The output R serves to
reset a chain of flip-flops 204 which are connected to form a first
counter, which is a binary counter in this 45  example. Output x* from
flip-flop 206 is inverted with respect to input x, while each  45
negative-going and positive-going transition of xg is synchronized with a
negative-going' edge of pulses [err] Signal x** is of the same frequency as
x063*, but is inverted and delayed by one cycle of [err] with respect to
[err]. Thus, since [err] and x** are applied to the inhibit inputs of gate
208, a single pulse of duration equal to a cycle of [err] is produced
following 50  each negative-going edge of signal x*, i.e. a pulse train of
identical frequency to input x but 50 consisting of pulses of relatively
narrow width. This pulse train is designated [err] in Figure 6D. Gate 210
produces pulses identical to those output by the gate 208, but these are
output only during each period that signal QREF is at the low logic level.
These bursts of pulses are designated Cp in Figures 6B and 6C. 55    Thus,
following the leading edge of each REF pulse, the binary counter 204 is
reset to the  55 zero state, and from [err] to [err] as shown in Figure 6C
a subsequent train .of Cp pulses in counted therein, during the low level
state Of QREF. The count of the binary counter 204 will thereby increase
linearly during this time, reaching a final count of, say [err] as shown on
the lower line of Figure 6C. This count value .is clearly directly
proportional to the 60  frequency of the Cp pulses durkng the REF pulse in
which the count to value [err] is 60 performed, i.e. proportional to the
frequency of input x during this REF pulse. Due to the low duty cycle of
signal REF. (for example. suitable values are one second for the high level
periods of REF and 15 to 300 seconds. for the low level periods), the count
values stored in the binary counter 204 are affected very little by any
noise or jitter on input signal x. The 65  time constant for heat
conduction of step changes in temperature, in the case of a timepiece  65
9 1 567 474 enclosed in a metal casing, is of the order 8 to 15 seconds,
while the minimum time for variations in temperature due to the timepiece
being worn on the human body is of the order of several minutes. In
addition, it requires another 20 to .30 hours for changes in temperature to
result in visible variations in the operation of the timepiece. Thus. it
would 5 be possible to set the low level period of the REF signal to as
long as one hour or more,  5 provided that errors in timekeeping accuracy
of 0.5 seconds or slightly less can be neglected. Clock pulses [err] from
the gate 208 are applied to a second binary counter 212 composed of seven
flip-flops, with outputs [err]. The waveforms for these outputs are 10
shown in the upper set of lines in Figure 6D. With the AND gate matrix 214
shown, then for  10 example if the count in the counter 204 is such that
only output [err] of counter 204. is at the high level, then output signal
[err] of counter 212 will be selected for input to a frequency summing gate
216. Since output [err] is ANDed together with signal'D" before being ANDed
with output [err] in AND gate matrix 214, the signal actually applied to
the 15  summing gate 216 in this case will be the pulse train shown in
Figure 6D with the  15 designation [err]. Similarly, if only output [err]
of the counter 204 is in the high state, then a signal [err];[err] will be
applied to the summing gate 216. Thus, depending upon the count state of
the counter 204, pulse trains of various frequencies are selected by matrix
214 from the outputs of the counter 212. The signals 20  selected by the
matrix is designated as follows:                               20 [err]
[err] 25                 [err]
25 [err] [err] [err] 30                                     [err]      30
Thus, the general equation for the signal which will be output from the
summing gate 216 may be written: 35    [err]
35 [err] [err] [err] 40                        [err]
40 [err] [err] 



45where y represents the output from the summing gate 216. As shown in
Figure 6D, the 45 plse trains represented by the terms of the above
equation are interlaced in such a way that frequency summing can be
performed merely by utilizing a logic OR gate. Alternatively, an AN gate
could be used similarly, if negative logic pulses were applied. In either
case, any combination of pulse trains corresponding to any combination of
outputs from the counter 50 204 may be added correctly in frequency without
mutual interference between the pulses. If 50 an exclusive-OR gate is used
for frequency summing. it is only necessary to ensure that the edges of
pulses within the various pulse trains do not coincide. As explained
hereinabove, the count' value stored in the counter 204 while frequency
summing is taking place. i.e. during time interval [err] to [err] in Figure
6C, is directly 55 proportional to the frequency of input signal x. which
may be designated f(x). Thus, the 55 value stored in the counter 204 may be
designated as [err]. And obviously the frequency of any summed combination
of pulse trains selected in the matrix 214 will be directly proportional to
that of the input signal to the counter 212. i.e. to input [err] Therefore,
the frequency of any of the pulse trains may be designated as [err]. Thus.
due to the operation 60 of the matrix 214. the selected combination of
pulse trains has a frequency which is the product of two quantities which
vary linearly with f(x). and thus is proportional to the square of f(x),
i.e. the frequency of the output signal from the summing gate 216 in Figure
6B may be written f(y) = k3.f(x)2
65    1 567 474 where k3 is a constant, which for the circuit shown in
Figure 6B has a value of [err] The frequencies of the various pulse trains
applied to the summing gate 214 may be expressed as follows, with for
example, [err] having the meaning of the frequency of the pulse train
designated [err] in Figure 6D: 5     [err] [err] [err] [err] 10
[err]                  10 [err] [err] 15
4                                         15 It should be noted that for
the waveform diagram of Figure 6D, negative edge-triggered logic is
assumed, i.e. each transition of a flip-flop output takes place in response
to the negative-going, edge of a clock pulse applies thereto. Also,
although in Figure 6A the temperature compensation signal frequency
components are shown as being derived from 20 the [err] output of the
auxiliary oscillator 152, it is equally possible to use some other source
of  20 signals with suitable frequency and temperature/frequency
characteristic. In Figure 7, an example of a level shifter circuit for use
with the voltage conversion system is shown. Input signal A is level
shifted to become output signal A'. Inverter stage 220 is operated at a low
voltage and input signal A and output 222 of the inverter stage 220 25 are
complementary to each other. NAND gates are formed by the pairs of MOSFETs
224  25 and 226, 228 and 230, 232 and 234, and 236 and 238. These are
connected to form a bistable flip-flop, such that P-channel MOSFET 224 is
turned on when signal A is at the low level, with N-channel MOSFET 234
being simultaneously turned off. Since in this condition signal A' is at
the high level, P-channel MOSFET 230 is turned off and N-channel MOSFET 238
is 30 turned on. Due to positive feedback action, output signal A' goes
rapidly to the VDD level.  30 P-channel MOSFET 226 is turned on and
P-channel MOSFET 228 turned off, while N-channel MOSFET 232 turns off and
N-channel MOSFET 236 turns on. The circuit is now in a stable state. The
output signal A' shown is in antiphase to the input signal A. If an output
signal in the 35 same phase as input signal A is required, this may be
taken from the drain terminals of  35 MOSFETs 228 and 230. In the design of
the level shifter circuit of Figure 7, it must be ensured that the mutual
conductance of the P-channel MOSFETs is made relatively high and that of
the N-channel MOSFETs is made relatively low. Thus, the N-channel MOSFETs
234 and 238 will present 40 a higher impedance when a voltage [err] is
applied to their gates than the  40 impedance presented by the P-channel
MOSFETs 224 and 230 when a voltage of [err] is applied to their gates. This
ensures that the setting of the flip-flop is determined by the MOSFET 224
and MOSFET 230. This condition can be met by making the channel 



widths of MOSFETs 224 and 230 relatively wide and those of MOSFETs 234 and
238 45 relatively long, at the time of integrated circuit manufacture.  '
45 Figure 8 shows an example of an electronic timepiece'circuit
incorporating a further preferred voltage conversion system and embodying
the present invention. In this case, oth voltage down conversion and
voltage conversion are incorporated. The electronic timepiece comprises a
power source 250 and a voltage conversion system 251 composed of 50 an
auxiliary oscillator circuit 252 coupled to the power source 250. The
oscillator circuit 252  50 may be of the ring oscillator type previously
described. An output signal from the auxiliary oscillator circuit 252 is
applied to a waveform shaping circuit 254 which is composed of inverters
256, 258, 260 and 262. The inverters 262 and 258 perform waveform shaping
and also provide complementary boost switching signals 0 and 0. Another
switching signal [err] is 55 also produced by the inverter 260 and applied
to a voltage down converter circuit 263  .55 including capacitors 263a and
263b. The voltage down converter circuit 263 is similar in construction
with that described with reference to Figure 2 and, therefore, a detailed
description of the same is herein omitted. The switching signals 0 and U
are applied to a voltage up converter circuit 264 including switch elements
composed of P-channel 60 MOSFETs 266 and 268 and N-channel MOSFETs 270 and
272, capacitors 274 and 276, and  60 diodes 278 and 280. The diode 278 is a
clamping diode and capacitor 274 a clamping capacitor in the voltage up
converter circuit 264. When the switching signal [err] goes to the high
level, the diode 278 becomes forward biased. Simultaneously, the electrode
of capacitor 274 connected to the output of the inverter 258 becomes
charged positively, and 65 the opposite electrode charged negatively. When
the switching signal 0 goes to the low   65    11
1567 474 level, the diode 278 is cut off by being reverse biased, and the
previously positively charged electrode of the capacitor 274 is set to the
low level, i.e. to [err] The potential of the previously negatively char ed
electrode of capacitor 274 thereby becomes more negative than [err] by the
amount [err] where [err] is the forward voltage drop across the 5  diode
278. Thus, a combination of the diode 278 and capacitor 274 produces a
voltage from    5 the output of the inverter 258 which is clamped to
potential [err] as its high level. The substrate and source of the
N-channel MOSFET 270 are connected together and coupled to VDD through
capacitor 282. Functionally speaking, MOSFET 270 may be considered to act
as an ideal diode, the forward direction of the diode being the direction
of current flow from 10  drain to source. Thus, the output obtained by
clamping signal [err] at potential [err] as its high  10 level, by means of
the diode 278 and capacitor 274; is further rectified by the diode 270
causing charge to be stored in the capacitor 282. If the output impedance
of the inverter 258 is such that it is significantly lower than the
impedance presented by the MOSFETs 266 and 270 when they turn on, then the
high level of the clamped output 275 is almost equal 15  to [err]. It will
not be precisely equal to [err]. since the forward voltage drop  15 of the
diode will cause the clamping level to be somewhat more positive than
[err]. If the potential at the output terminal 277 is close to [err] then
the MOSFETs 272 and 268 have source voltage levels of [err] and [err], then
the MOSFETs 272 and 268 have source voltage levels of [err] and [err],
respectively. Thus, when voltage level 253 becomes [err], 20  since voltage
level 273 is [err]. MOSFET 270 is turned on. Due to the low impedance of 20
MOSFET 270 in the on state, the forward voltage drop of MOSFET 270 existing
when it functioned as a diode is eliminated. With this embodiment of the
present invention therefore, the forward voltage in a diode clamping
circuit can be effectively eliminated and thus a high efficiency voltage up
25  conversion circuit can be produced. The circuit may be modified such
that when the  25 capacitor 276 and diode 280 are used, the capacitor 282
is eliminated. Alternatively, if the diode 282 is utilized, then the
capacitor 276 and diode 280 may be omitted. Diode 280 may be replaced by an
N-channel MOSFET whose gate, source and backgate are all connected to lead
273 and the drain is connected to [err]. The same principle may be applied
to the 30  other diode 278.                    30 A second voltage up
converter circuit 284 operates in the same way as the circuit 264 just
described. However, in this case, instead of clamping to the level Vss,,
clamping is performed to the level [err]. Which is output 265 from the
voltage down converter circuit 263. Thus a potential of [err] is obtained,
by addition of [err] to [err] 35    As shown, therefore, by combining the
circuits shown above, three or more power  35 supplies of potentials such
as 1/2, 3/2 and [err] can be produced. In addition, potentials differing
from the source voltage [err] as a reference by amounts such as [err] of
[err] can be produced both positive or negative with respect to [err]
potential. A liquid crystal 



display panel may thus be driven using a dynamic matrix drive system with a
1/3 voltage 40  application arrangement. With this, the voltages applied to
selected and non-selected  40 portions of the matrix are in the ratio of
3:1. In Figure 8. the electronic timepiece further comprises a crystal
controlled frequency standard 286, which generates an output signal of the
order [err] to [err]. The output signal from standard 286 is applied to a
frequency converter 288 in the-form of a frequency divider 45  which
produces a relatively low frequency signal. This relative low frequency
signal is 45 applied through a level shifter circuit 290 to a time counter
circuit 292, which produces a time or calender information signals. These
signals are applied to a driver circuit 294 which drives a display device
296 to cause display of time or calender information. A way in which the
voltage conversion system of the present invention may be applied to 50  a
liquid crystal display matrix corresponding to block 296 in Figure 8, will
now be described, 50 in order to illustrate the advantages to be gained
therefrom. These advantages are obtained from the fact that it becomes
possible to utilize fractional or integral multiples of the timepiece
battery voltage in producing drive signals for the liquid crystal display
matrix, i.e. the optimum required voltages may be utilized and so
efficiency may be maximized. 55    Referring now to Figure 9A, the basic
outlines of a matrix for a liquid crystal display unit .55 are shown. [err]
to [err] represent display elements, driven by' n columns and m lines of
electrode drive conductors. The n columns of conductors may be formed upon
an upper glass substrate while the m rows of conductors may be formed upon
a lower glass substrate, these substrates being separated by suitable
insulating spacers within which a layer of 60  field-effect liquid crystal
material is sandwiched. To address a typical element, [err], the  60
applied root mean square (r.m.s.) voltages by the i-th row and the j-th
column which are common to display element 300 must be larger than the
threshold voltage of the liquid crystal. The liquid crystal element should
have the characteristic of rapid response, such that the 65  element may be
turned on by a drive pulse of short duration, and also should have a long
65    1 567474                                  12 decay time, such that
the "ON" condition is memorized during each cycle of drive pulses and also
the ratio of the threshold voltage to the saturation voltage is larger than
0.5 to 1. Referring to the waveform diagram of Figure 9B each line of the
matrix of Figure 9A is selected by one of the signals [err], i.e.
coresponding to the upper electrodes of the 5  matrix, for example.
Selection of columns, iLe. the lower electrodes, is performed by   5
application of either signal [err] or signal [err] depending upon Whether
the ON or OFF state is required for the element selected. An example of a
circuit for display driving which is suitable for use with the voltage
conversion s stem of the present invention is shown in Figure 9C. Signal.
[err] represents 10  either [err] or [err] (in Figure 9B)depending upon'the
polarity of signal [err] and [err] 'Signal [err] 10 thus determines whether
the selected element is to be turned to the ON state or the OFF state: For
example, to turn element [err] in Figure 9A to the ON state, then [err] is
selected to be low level as   during the time in which signal [err] is at
the high level of 0. Wheni signal 0di is at the low level of 0, then signal
[err] becomes as high level as [err]. Again for example, 15  if segment
[err] is required to be turned to the OFF state, then signal [err]  is
selected to  15 become [err] while [err] is at the level of [err]. Due to
the capacity of the liquid crystal elements, a discharge current flows from
the segments being driven each time the, polarity of the alternating
voltage of the drive pulses changes. In conventional designs of.
liquid'crystal drive systems, this current flows through 20  the battery of
the timepiece in such a way as to cause increased power consumption. To  20
save such power consumption,. the signal [err] and [err], which are only
slightly different in phase, are replaced with [err] and [err] signals
which are used to produce output [err] In other case, for modulating the
display mode, signals E and [err] are applied as shown in Figures 9B and
9C, such. that a short circuit path is provided to reduce the OFF state
r.m.s. voltage 25  applied to the segment to a value lower than the
threshold voltage of the liquid crystal cell.  25 Referring to Figure 9B,
since the voltage applied to a segment required to be in the OFF state can
be expressed by [err] whereas the voltage to be applied to a segment which
is to be turned to the. ON state. is expressed by [err] it can be seen that
a voltage three times that in the OFF state is applied to turn the segment
to the ON state, although this high 30  voltage is applied only for a short
period. For signal [err] in Figure 9C, the respective 30 potential levels
are [err] for the high level, [err] for the intermediate level, and [err]
for the low level. While E is at the high level, [err] is at the
intermediate level, and when E is at the low level, [err] varies between
[err] and [err] . When [err] is at the high level [err] becomes 



in the same phase as [err], when [err] is at the low level, [err] becomes
in the same phase as 0. '35  Signal 0di varies between a high level of
[err] and a low level of [err], with an intermediate  35 lvel of [err] goes
to the intermediate level when either E or [err] is at the high level,
and'is in the same phase as [err] when [err] is at the low level. The high
and low logic levels of 0, [err], E, [err],[err] and [err] in figure 9C
may. be considered to be VDD and Vss2, respectively. In the case when E is
at low level, the relationship between the liquid crystal threshold voltage
and 40 . the signals shown in Figure 9C may be expressed as follows:
40 [err] [err] 45
45 Thus, depending upon VTLC, various voltages such as 1/3, 2/3, 3/3 and
4/3 of the source voltage may be provided for use. in such a display drive
application, using a voltage conversion system (the 3/3 ratio would simply
be the source vbltage directly applied With presently available liquid
crystal materials, matrix configurated elements may be 50  'driven by a
voltage [err] of 1.1 V. These can be driven in a matrix composed  of from 8
50 columns by 2 lines to.8 columns by. 8 lines, for example.. In such a
system, it is rational to perform information processing at low voltage,
and to provide display drive signals such as [err] by level shifting to a:
higher voltage. Figures 10A and 10B show the relationship between the
voltages applied to PLZT or 55  electrochromic display elements and the
resultant state of the element. The drive system for  55 an element with
the characteristic shown in Figure 10A will depend upon whether the element
is switched on at point B' and off at point O (Q=0) or whether the element
is switched on at point B' and off at point E'. In the case of a PLZT
element, where Q represents the degree of polarization of the element, the
ON state will occur at point B' and 60  the OFF state between points H' and
D'. Thus, the element may be switched on by  60 applying a voltage greater
than therange 0 to A . and may be turned off by applying a reverse voltage
of between H'. to D'. In the case of an electrochroinic display element, a
similar driving method may be used. In this case, Q.denotes the amount of
electrochemical- ly separated material (positive for separation on the
front face of the element and negative 65  for separation on the rear
face).                      65    13                                  1 567
474                                   13 Where' a PLZT, electrochromic or
elastomeric display element having the characteristic. shown in Figure 10B
is used, it is necessary to limit the amount of electrical charge
accumulated in the element to that corresponding to position D when turning
off the element (or. position A, depending upon the element configuration).
The OFF voltage 5 applied may also be set to point 0. thereby forming a
minor loop. If a clearly visible   5 distinction can be made between the
states of the element at points B and E. then the' element is turned on by
application of a voltage bringing the element to state B. and is turned off
by a voltage sufficient to bring it to state E. Figure 10C shows an example
of a driver circuit 302 for a PLZT or electrochromic display 10  element
with the characteristic shown in Figure 10A. Following the rising edge of
display  10 signal Sk, a signal Sk on is generated in synchronism with
signal 0, as a single pulse. Following the trailing edge of Sk, a signal Sk
off is generated in synchronism with 0 also as a single pulse. Signal Sk on
serves to turn the selected display element to the visible state, while Sk
off turns the selected element to the OFF or non-visible state. Figure 10D
shows an 15  example of a driver circuit 304 incorporating the circuit 302
of Figure 10C which is  15 suitable for application of the voltage
conversion system of the present invention. P-channel MOSFET 306 is turned
on when signal Sk on goes to the high level, and so output signal [err]
goes to level VDD. When signal Sk off goes to the high level, then
P-channel MOSFET 308 is turned on and signal [err] goes to the level [err].
Note that signals Sk on and Sk off cannot 20  both go to the high level
simultaneously. With both [err] on and [err] off at the low level, 20
MOSFETs 306 and 308 are completely cut off. Thus, the voltage applied to
display element 312 falls to zero with a time constant determined by the
leakage resistance and capacitance of the display element, or remains at
the level which has been established. Output [err] in synchronism with
[err] but of different voltage level, is produced from inverter 310. This
signal 25  is applied to display element 312 to provide a common electrode
voltage. As a result, the  25 total potential applied to the selected
element 312. designated [err]; has the waveform shown in Figure 10E. The
waveforms for [err] on and [err] off are also shown in Figure 10E. A method
whereby the voltage conversion system may be used to increase the
efficiency 30  of an electronic timepiece with a pulse motor will now be
described with reference to Figure  30 



11A, and the' corresponding waveform diagrams in Figure 11B. A part of
timepiece circuit section 322 in Figure 11A incorporates a crystal
controlled frequency standard, frequency divider and waveform shaping
circuits, operated from the low voltage [err]. Level shifter circuit 324 is
capable of producing output signals of lower potential than the negative
level 35  of the battery voltage, [err], by utilizing supply [err] produced
by a voltage converter  35 circuit. The voltage Vss2 has a magnitude twice
that of [err] and [err] in one quarter the value of Vss A pulse motor M is
driven by FET inverters 325 and 327. which have large current carrying
capacity. When a potential signal of amplitude twice [err], is applied to
the gates of P-channel MOSFETs 326 and 330, these FETs are turned to the ON
state. The 40  circuit shown has the advantage that the impedance of
MOSFETs 326 and 330 in the ON' 40 state is 1/4 that of MOSFETs used in a
conventional circuit in which voltage supply [err] not provided. This is
because a potential signal of amplitude [err]is applied to the gates of
MOSFETs 326 and 330 to turn them ON. The area on the timepiece integrated
circuit chip required to accomodate the motor drive inverters can therefore
be reduced. 45    With the circuit as shown in Figure 11A, such a reduction
in impedance (compared to a  45 conventional circuit)does not occur when
N-channel MOSFETs 328 and 332 are turned ON. However, since the gate
signals 329 and 331 have a potential more negative than [err] in the low
level state of these signals, MOSFETs 328 and 332 are completely cutt off.
Thus, the leakage current flowing in MOSFETs 328 and 332 in the OFF state
is extremely low. 50    If it is desired to further decrease 'the impedance
of MOSFETs 328 and 332 in the ON  50 state, this may be achieved by
inserting capacitors between their gates and inputs 329 and 333, and 331
and 339, respectively, to provide DC blocking. The gates may then be
connected by diodes to [err] to be clamped to this potential. Input 334
should still be connected directly to the gate of MOSFET 326. while input
339 is still applied directly to the 55  gate of MOSFET 330. Alternatively.
an additional supply voltage of [err]. i.e. positive  55 with respect to
VDD may be provided. In this case. inverters 325 and 327 may be driven by
signals whose logic level range is from [err]  to [err] It will now be
appreciated from the foregoing description .that in. accordance with the
present invention an electronic timepiece of extremely low power
consumption can be 60  provided to increase lifetime of a power source of
the timepiece. It should also be  60 understood that in accordance with the
present invention the combination of "voltage- down conversion" and the
"level conversion" of the signals in an electronic timepiece can be
achieved at a high level of efficiency. While the present invention has
been shown and described with reference to 65  embodiments by way of
example. it should be noted that various other changes or 65    1 567-474
modifications may be made without departing fron. the. scope. of the.
present invention as defined in the claims. Attention is directed to
Applications Nos. 11955/9 (Serial No. 1567475), 11956/79 (Serial No.
1567476) which were divided out of this application and which contain
subject matter common to this application.
.5 WHAT WE CLAIM IS:- 1. 'An electronic timepiece having a power source,
comprising: a frequency standard source; a frequency converter coupled to
said frequency standard source to divide the standard frequency output of
said frequency standard source to provide lower frequency 10  outout pulse
signals; a timekeeping circuit. driven by said output pulse signals;
display  10 means for displaying the contents of said timekeeping circuit;
and a voltage conversion system coupled to the power source to provide a
lower output voltage than that' of the power source to operate at least one
of said standard frequency source, frequency converter, timekeeping circuit
and display means at the lower output voltage from said 15  voltage
conversion system, said voltage conversion system including a plurality of
electric' 15 energy storage means, and means for. switching connections of
said plurality of electric energy storage means relative to the power
source for thereby providing said lower output voltage. 2. An electronic
timepiece according to claim 1, in which said. voltage conversion 20
system further includes a signal generator coupled to the power source to
generate an  20 output signal, and in which said switching means if
responsive to said output signal for setting said plurality of electric
energy storage means into a parallel connected condition and a series
connected condition. 3. An electronic timepiece according to claim 2, in
which said signal generator circuit 25  comprises an oscillator circuit
coupled to the power source to provide said output signal.  25 



4. An electronic timepiece according to clam 3, in which said oscillator
circuit comprises a plurality of inverters coupled in a ring configuration.
5. An electronic timepiece according to claim 4, in which each of said
inverters comprises complementary metal oxide semiconductor field effect
transistors. 30   6.  An electronic timepiece according to claim 5 in which
said signal generator circuit 30 further comprises a waveform shaping
circuit coupled to said oscillator circuit to perform waveshaping of said
output. signal from said oscillator circuit. 7  An electronic timepiece
according to claim 6, in which said waveform shaping circuit comprises a
pluraity of inverters connected in series. 35   '8. An electronic timepiece
according to. claim. 1, in which said switching means 35 comprises field
effect transistors. 9. An electronic timepiece according to claim 1, in
which each of said electric energy storage means comprises a capacitor. 10.
An electronic timepiece according to claim 1. further comprising a buffer
capacitor 40  coupled to a terminal of the power source and a switching
device coupled between said  40 buffer capacitor and one of the output
terminal of said first switching means, said switching device coupling the
output terminal of said first switching means to said buffer capacitor only
while said plurality of electric energy storage means are in a specific,
preset connected condition. 45    11. An electronic timepiece according to
claim 1, further comprising voltage stabilizing  45 means coupled to said
voltage conversion system to stabilize the level of said lower output
voltage. 12. An electronic timepiece according to claim 11, in which said
voltage stabilizing means comprises first transistors serving as a
reference voltage generator, and a second 50 power controlling transistor
coupled between said voltage conversion system and an output 50 of said
reference voltage generator. 13. An electronic timepiece according to claim
4. in which said oscillator circuit further comprises temperature sensing
means coupled to said inverters for causing said oscillator circhit to
serve as a temperature sensitive oscillator to generate an output signal'at
a 55  frequency varying in dependence on ambient temperature of the
electronic timepiece. 55 14. An electronic. timepiece according to claim
13, further comprising temperature compensation means coupled to said
frequency standard source and to the output of said oscillator circuit for
automatically compensating changes in an output signal frequency of said
frequency standard source caused by said changes in. ambient' temperature
in 60  dependence on a frequency .of the output signal of said oscillator
circuit.         60 15. An electronic timepiece. according to claim  14, in
which said temperature compensation means comprises means for producing. an
output signal of a frequency deviation proportional to a power of the value
of any change in said ambient temperature, and a frequency summing means
for producing. an output signal of a frequency equal to the 65  sum of
frequencies of the output signals of said oscillator circuit frequency
standard and  65    1 567 474 modifications may be made without departing
from the scope of the present invention as defined in the claims. Attention
is directed to Applications Nos. 11955/79 (Serial No. 1567475) 11956/79
(Serial No. 1567476) which were divided out of this application and which
contain subject 5  matter common to this application.
5 WHAT WE CLAIM IS:- 1. An electronic timepiece having a power source,
comprising: a frequency standard source; a frequency converter coupled to
said frequency standard source to divide the standard frequency output of
said frequency standard source to provide lower frequency 10  outout pulse
signals; a timekeeping circuit driven by said output pulse signals; display
10 means for displaying the contents of said timekeeping circuit: and a
voltage conversion system coupled to the power source to provide a lower
output voltage than that of the power source to operate at least one of
said standard frequency source. frequency converter, timekeeping circuit
and display means at the lower output voltage from said 15  voltage
conversion system, said voltage conversion system including a plurality of
electric  15 energy storage means, and means for switching connections of
said plurality of electric energy storage means relative to the power
source for thereby providing said lower output voltage. 2. An electronic
timepiece according to claim 1, in which said voltage conversion 20  system
further includes a signal generator coupled to the power source to generate
an  20 



output signal, and in which said switching means if responsive to said
output signal for setting said plurality of electric energy storage means
into a parallel connected condition and a series connected condition. 3. An
electronic timepiece according to claim 2. in which said signal generator
circuit 25  comprises an oscillator circuit coupled to the power source to
provide said output signal.  25 4. An electronic timepiece according to
clam 3. in which said oscillator circuit comprises a plurality of inverters
coupled in a ring configuration. 5. An electronic timepiece according to
claim 4, in which each of said inverters comprises complementary metal
oxide semiconductor field effect transistors. 30    6. An electronic
timepiece according to claim 5. in which said signal generator circuit  30
further comprises a waveform shaping circuit coupled to said oscillator
circuit to perform waveshaping of said output signal from said oscillator
circuit. 7. An electronic timepiece according to claim 6. in which said
waveform shaping circuit comprises a pluraity of inverters connected in
series. 35    8. An electronic timepiece according to claim  1. in which
said switching means  35 comprises field effect transistors. 9. An
electronic timepiece according to claim 1. in which each of said electric
energy storage means comprises a capacitor. 10. An electronic timepiece
according to claim 1. further comprising a buffer capacitor 40  coupled to
a terminal of the power source and a switching device coupled between said
40 buffer capacitor and one of the output terminal of said first switching
means. said switching device coupling the output terminal of said first
switching means to said buffer capacitor only while said plurality of
electric energy storage means are in a specific. preset connected
condition. 45    11. An electronic timepiece according to claim 1, further
comprising voltage stabilizing  45 means coupled to said voltage conversion
system to stabilize the level of said lower output voltage. 12. An
electronic timepiece according to claim 11. in which said voltage
stabilizing means comprises first transistors serving as a reference
voltage generator. and a second 50  power controlling transistor coupled
between said voltage conversion system and an output 50 of said reference
voltage generator. 13. An electronic timepiece according to claim 4. in
which said oscillator circuit further comprises temperature sensing means
coupled to said inverters for causing said oscillator circhit to serve as a
temperature sensitive oscillator to generate an output signal at a 55
frequency varying in dependence on ambient temperature of the electronic
timepiece. 55 14. An electronic timepiece according to claim 13. further
comprising temperature compensation means coupled to said frequency
standard source and to the output of said oscillator circuit for
automatically compensating changes in an output signal frequency of said
frequency standard source caused bv said changes in ambient temperature in
60  dependence on a frequency of the output signal of said oscillator
circuit.         60 15. An electronic timepiece according to claim 14. in
which said temperature compensation means comprises means for producing an
output signal of a frequency deviation proportional to a power of the value
of any change in said ambient temperature, and a frequency summing means
for producing an output signal of a frequency equal to the 65  sum of
frequencies of the output signals of said oscillator circuit. frequency
standard and  65    1 567 474 output signal generating means. 16. An
electronic timepiece according to claim 15, in which said output signal
generating means comprises a frequency squaring circuit which generates an
output signal of a frequency proportional to the square of changes in the
value of said ambient 5  temperature above and below a preset specific
temperature.                              5 17   An electronic timepiece
according to claim  16, in which said output signal generating means
further comprises a frequency sampling circuit coupled to said frequency
standard source and said oscillator circuit and responsive to the output
pulse signals from said frequency standard source and the output signal
from said oscillator circuit for thereby 10  generating a sample output
signal whose frequency is zero at said specific temperature and  10
increases in proportion to the absolute value of any changes in said
ambient temperature relative to said specific temperature value. 18. An
electronic timepiece according to claim 17, in which said frequency
squaring circuit comprises means for producing a plurality of pulse trains
of different frequencies 15' relative to one another, each having a
frequency proportional to said sample output signal,  15 



frequency selecting means for selecting various combinations of said pulse
trains, and frequency summing means for summing said selected combinations
of pulse trains. 19. An electronic timepiece according to claim 18, in
which said frequency selecting means comprises means for producing various
control signals in proportion to changes in 20  frequency of said sample
output signal.                                                20 20. An
electronic timepiece according to claim 19, in which said control signal
producing means comprises a counter circuit coupled to said sampling
circuit and responsive to said sample output signal for producing said
control signals. 21. An electronic timepiece according to claim 18, in
which said means for producing 25  said plurality of pulse trains comprises
a counter circuit which counts continuously' in  25 response to an input
signal of frequency proportional to that of said sample output signal. 22.
An electronic timepiece according to claim 15, in which said temperature
compensating means further comprises means for intermittently detecting
said ambient temperature to provide a temperature information signal. and
memory means for storing 30  said temperature information signal.
30 23. An electronic timepiece according to claim 19, in which said
frequency selecting means further comprises a matrix of logic AND gates
coupled to said control signal producing means and said means for producing
said plurality of pulse trains, said matrix selecting said various
combinations of said pulse trains in response to said control signals. 35
24. An electronic timepiece according to claim 2. further comprising a
voltage step-up  35 converter circuit coupled to said signal generator and
the power source to provide a higher output voltage than that of the power
source. 25. An electronic timepiece according to claim 24, in which said
voltage step-up converter circuit comprises a plurality of metal oxide
field effect semiconductor transistors, 40  a first capacitor coupled to a
source terminal of one of said field effect transistors and  40 coupled to
a drain terminal of another of said field effect transistors, a source of
boost switching signals. and a reservoir capacitor coupled to a terminal of
the power source and to an output terminal of said voltage step-up
converter circuit. 26. An electronic timepiece according to claim 25. in
which charge stored in said first 45  capacitor by a first polarity of
transitions of said boost switching signals is transferred to said  45
reservoir capacitor by the action of a second polarity of transitions of
said boost switching signal, causing one or more of said field effect
transistors to pass from a high resistance state between drain and source
terminals to a low resistance state. 27. An electronic timepiece according
to claim 26. in which said boost switching signals. 50  are provided from
said signal generator.                                               50 28.
An electronic timepiece according to claim 1, wherein the timekeeping
circuit but not the display means is coupled to the voltage conversion
system and the output of the timkeeping circuit is connected to the display
means through a level shifter circuit. 29. An electronic timepiece
according to claim 28. in which said level shifter circuit 55  comprises an
inverter supplied with power from a first supply voltage, and a flip-flop
circuit 55 supplied with power from a second supply voltage. an output of
said inverter being coupled to a first input terminal of said flip-flop
circuit and the output signal of said timekeeping circuit being applied to
an input terminal of said inverter and also to a second input terminal of
said flip-flop circuit, whereby an output of said flip-flop changes between
a reference 60  voltage level and a level of said second supply voltage in
response to changes in logic level 60 of said output signal. 30. An
electronic timepiece according to any preceding claim in which said power
source comprises a battery. 31. An electronic timepiece according to claim
30 wherein the battery is a silver oxide 65  battery.
65    16 1  567  474
16 32.  An electronic timepiece substantially as shown and described with
reference to the accompanying drawings. MARKS & CLERK Printed for Her
Majesty's Staionary Office, by Croydon Printing Company Limited. Croydon,
Surrey, 1980. [err]    


