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“TECHNICAL FI ELD The present invention relates to a thernoelectric systemto
supply power (electric energy) generated by a thernoel ectric power
~generator which generates electricity by utilizing an outside tenperature

difference to a load so as to operate the |oad, especially reI! ’WMM

t hernoel ectric system which 10 provides a function t o adequat el m“m :
power supply froma thernoel ectri ator to a | oad, conpgasating
for an influence of the Peltier eﬁ?@?t@‘ﬁgggﬁ I'ar to the ther m)el ectric

power generator. BACKGROUND TECHNOLOGY 15 There exists a thernpelectric
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generates electricity by utilizing an outside temperature difference to a load

so as to operate the load, especially relates to a thermoelectric system which
10 provides a function to adequately control power supply from a thermoelectric
power generator to a load, compensating for an influence of the Peltier effect

peculiar to the thermoelectric power generator.

BACKGROUND TECHNOLOGY

15 There exists a thermoelectric system which generates electric power
from heat energy caused by an outside temperature difference using a
thermocouple and drives electronic equipment such as an electronic
timepiece and the like utilizing electric energy obtained from the power
generation.

20 An electronic timepiece driven by generated power from a
thermoelectric power generator shown in FIG. 6 can be cited as a
conventional example, which applies such a thermoelectric system to a small
portable electronic device.

The electronic timepiece has a configuration in which a load means

25 20 is connected to the thermoelectric power generator 10 and generated
power by the thermoelectric power generator 10 can be used with the load

means 20.



2 The load nmeans 20 is configured with a voltage-up converter 23, a
“timekeepi ng neans 21 and an accunul ator 22. The vol tage-up converter 23 is
connected to the thernoel ectric power generator 10 and rai ses the voltage
_to output twice that of the voltage generated by the thernoel ectric power

5 generator 10. The tinmekeepi ng neans 21having a tine-clock function and
the accunmulator 22 which is a second battery are connected in parallel to
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10 power to the timekeeping means 21.

Furthermore, the electronic timepiece is provided with a generated
voltage detector 35 using an amplifier circuit to detect the generated voltage
of the thermoelectric power generator 10, and a controller 36 to control
operation of the voltage-up converter 23 in accordance with the detected

15  voltage.

The thermoelectric power generator 10 is configured to connect plural
thermocouples in series. In the case that the electronic timepiece in this
example is a wrist watch, the thermoelectric power generator 10 is disposed
so that a warm junction side is contacted with a case back of the wrist watch

20 and a cold junction side is contacted with the case which is insulated against
heat from the case back. Heat energy created by a temperature difference
between the case back which closely contacts an arm of the person who
carries the wrist watch and the case exposed to the outside air, is converted to
electric energy.

25 In an electronic time piece utilizing such a conventional
thermoelectric system, generated voltage by the thermoelectric power

generator 10 is raised by means of the voltage-up converter 23 after being



‘generator 10 is raised by neans of the voltage-up converter 23 after being
3 charged to the accunulator 22 and then used to operate hand-driving of
the tinmekeeping neans 21 and the like with the charged electric energy. At
_.this time, when the generated voltage of,the thernoel ectric power

generator 10 detected by the generated J%Itage detector 35 exceeds a 5
predeterm ned val ue, the controller 36 considers that the generated power
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25 difference existing between its owmn warm and cold junctions can be

obtai ned 10 detected by the generated voltage detector 35 is less than a predetermined

value, the controller 36 stops the voltage-up operation of the voltage-up
converter 23 to stop power supply to the load means 20 from the
thermoelectric power generator 10. At the same time, the controller 36

15 prevents electric energy charged in the accumulator 22 from discharging to
the thermoelectric power generator 10 side.

In the conventional thermoelectric system, when the thermoelectric
power generator 10 used for a power generating device is given a higher
range of temperatures on the warm junction side and a lower range of

20 temperatures on the cold junction side, the thermoelectric power generator 10
generates electricity through the Seebeck effect and outputs generated voltage
(incidentally, the generated voltage caused by Seebeck effect is called
thermal electromotive force). Especially, when the thermoelectric power
generator 10 has no load, generated voltage proportional to the temperature

25 difference existing between its own warm and cold junctions can be obtained
from the thermoelectric power generator 10.

ﬂ-lowever, when a load is connected to take out power from the



fromthe thernoel ectric power generator 10. iowever, when a |load is
‘connected to take out power fromthe 4 thernoel ectric power generator 10,
current flows fromthe thernoelectric power generator 10 to the |oad. The
_current causes the Peltier effect which ,is reverse reaction of the Seebeck
effect and a phenonmenon whi ch reduce t het tenperature difference given to

t he thernDeIectrlc power generator 10. That 5 is, when current flows from

occur s on Beemisietd BorR EbfuRlora 10 abibihe, BBk, RS dfhiieleeh aLE“
glnf 1E Qse\r,]v?;{’n% Egehgf%tﬁr qﬁe ngr #%Ejl ezrﬁ? @EH%X@ Cagg%sgﬁ;q gldtP& éﬁ%@ﬁce such
al's0 1 Qﬁuce“er B APAORSST Y SERABICH R AR s BT VijchOchaemes
oot °20%ivé%?g%£eéﬁ€er?ﬁé@ ELVRER I ERROBISHASERNY golfrar 167 Thaf®!

el ectr %”th[shglheffb&gﬁf:fsltlsgg%eﬁ%nf&{?ﬂh%?ﬁﬁ Qi dwWér é?ﬁ%ijﬁioPLO fo kRSB pL Ure

change ‘I I rcunst ances ereftore, e thernoel ectric

systemis goukloghiiafic! RaohlbeiS'ot ik BBRI ﬁlﬂc‘%{rgrf‘ggi 43R G0 eotherinie

voltage up conve er 1 n accordance generated

voltage of rdBEohGkER!yIRABE BR"WhAh MactibR)Liae. ameggﬁ,thwfeﬁlao%ge&a

di sadvant age age-up con erter repeate performs the
L2, RGNS g g, bt
Syt s (R g A SOl KT, SRS 2
t her myg) ecfdrk€ 19K redieieggat or, it becones

However, in the conventional thermoelectric system, temporary
reduction of the thermal electromotive force cuased by the Peltier effect is
not considered, and the temporary reduction of the thermal electromotive
force is merely considered to be the result of a temperature change in the

15 outside circumstances.

Therefore, if the thermoelectric system is configured to switch
between operation and suspension of the voltage-up converter in accordance
with the magnitude of the generated voltage of the thermal power generating
device as above, there exists a disadvantage that the voltage-up converter

20 repeatedly performs the operation and the suspension when the value of the
generated voltage is close to the detection threshold value.

That is, when a thermoelectric system is configured to switch between
supply and suspension of power to a connected load in accordance with the
value of generated- power from a thermoelectric power generator, it becomes

25 impossible to precisely measure the thermal electromotive force while the

load is in operation. As a result, there may be cases where generated power

from the thermoelectric power generator cannot be used effectively.



25 inpossible to precisely neasure the thernmal electronotive force while
the load is in operation. As a result, there may be cases where generated
power fromthe thernoel ectric power generator cannot be used effectively.
51t is an object of the present inventipon to solve the above-descri bed

di sadvantages in a thernoelectric syste to facilitate effective
utilization of generated power energy fromthe thernoel ectric power
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t he | oad nﬁﬁ%ﬁsfron1the t hernoel ectric power generator for nore than a
predeterm ned period of time, which nmeasures with conpensation for the
generated voltage. 20 Furthernore, the thernoelectric systemis preferably
provided with a controller for controlling operation of the | oad neans.
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system according to the present invention comprises: a thermoelectric power
generator provided therein with a plurality of thermocouples electrically in
series, a load means for utilizing generated power from the thermoelectric
power generator, and a controller for controlling power supply and

15 suspension of the power supply to the load means in accordance with the
generated voltage, wherein the controller is provided with a compensating
means, when power is continuously supplied to the load means from the
thermoelectric power generator for more than a predetermined period of time,
which measures with compensation for the generated voltage.

20 Furthermore, the thermoelectric system is preferably provided with a
controller for controlling operation of the load means.

Additionally, the above-described compensating means is preferably a
means for compensating for the amount of reduction of the generated voltage
of the thermoelectric power generator caused by the Peltier effect resulting

25 from current which flows when power is continuously supplied from the
thermoelectric power generator to the load means for a predetermined period

of time.



25 fromcurrent which flows when power is continuously supplied fromthe

t hernoel ectric power generator to the | oad neans for a predeterm ned period
of time. 6 the above-described controller is preferably provided with a
_heans to intermttently nmeasure the gengrated voltage of the
above-descri bed thernoelectric power generator at a predeterm ned period
of tinme and to block a power supply route fromthe thernoel ectric power
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power generator to the 15 [ oad neans for nore than a predeterm ned period

of time, u gédé ﬁgfglla{lﬁﬁg tht haéaduremengsur ed results described above
exceed the set val ue consecltively by the nunber of times previously set,

and neasures t herenen *ugsk, thkictiftrollért ¢hrc 06REOE 86 13nt0f Supplyepdwei 1® thé t he
measurenent. The thernoelectric systemthus configured nakes it possible to
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reduction of generated voltage due to the Peltier effect, which caused
during supid yéRératedvoltagesdurig ¢hé preédeerminéd F'eﬁ@dl ofdmeansedds a set
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thernoel ectric power generator, is not negligib to control supply and
suspengj onyglueP A to suspend the power supply to the load means if the measured
result is below the set value.
urthermore the thermoelectric system can be configured in a manner
that the above-described compensating means regards as that the power has
been continuously supplied from the thermoelectric power generator to the
15 load means for more than a predetermined period of time, under the condition
that the measured results described above exceed the set value consecutively
by the number of times previously set, and measures the generated voltage
with compensation from next time of the measurement.
The thermoelectric system thus configured makes it possible to
20 compensate the measured thermal electromotive force when an influence of
reduction of generated voltage due to the Peltier effect, which caused during
supplying continuously electric power to the load means by thermoelectric
power generator, is not negligible, to control supply and suspension of power
to the load, assuming voltage corresponding to the generated voltage
25 originally expected. Accordingly, a thermoelectric system which can
effectively utilize the generated power of the thermoelectric power generator

even when the Peltier effect is created, and makes the most of the power



to the | oad, assuming voltage corresponding to the generated voltage 25
‘originally expected. Accordingly, a thernoelectric system which can
effectively utilize the generated power of the thernpelectric power
_generator even when the Peltier effect |s created, and makes the nobst of
the power 7 which can be generated by thé thernoel ectric power generator,
can be realized without being affected by the Peltier effect. BRIEF
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the controller in FIG. 1;

10 FIG. 3 is a circuit diagram showing a detailed circuit configuration of
the voltage-up converter in FIG. 1;
FIG. 4 is a sectional view showing an outline of the inner structure
when the electronic timepiece in FIG. 1 is a wrist watch;
IG. 5 is waveform diagrams of voltages and signals of each part to
15 explain the operation of the electronic timepiece shown in FIG. 1 to FIG. 3;
and
FIG. 6 is a block circuit diagram showing a configuration example of

the conventional thermoelectric system.

20 BEST MODE FOR CARRYING OUT THE INVENTION
mbodiments of the thermoelectric system according to the
present invention will be explained in detail with reference to
drawings hereinafter.
IG. 1 is a block circuit diagram showing a system configuration of
25 an electronic timepiece which is an embodiment of the thermoelectric system
according to the present invention. FIG. 2 is a circuit diagram showing a

detail circuit configuration of a controller in the electric timepiece, and FIG.



25 an el ectronic tinmepiece which is an enbodi nent of the thernoelectric
system according to the present invention. FIG 2 is a circuit diagram
showing a detail circuit configuration of a controller in the electric
.tinepiece, and FIG 8 3 is a circuit diagramshow ng a detail circuit
configuration of the voltage-up converter. FIG 4 is a sectional view
showi ng an outline of the inner structure when the electronic tinepiece is
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I nci dent al e inner configuration of the electronic timepiece will be
15 explained later. The electronic tinepiece shown in FIG 1 is configured
in a manner that a | oad nmeans 20 is connected to a thernoel ectric power

gener at or HEQ mtigqp@\pfhegwémt@qltbguﬁaﬁgnt IFEGrgel ectric power generator 10
is supplied Po the |oad neans 20 for utilization. The electronic tinmepiece
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the generated voltage. The thernoel ectric power generator 10 (not shown)
in whigh maill be explained with reference to FIG. 1. The thermoelectric system of
the present embodiment is an electronic timepiece which uses generated
power from a thermoelectric power generator as a power source, the same as
in the above-described conventional example explained with FIG. 6.
Incidentally, the inner configuration of the electronic timepiece will be
15 explained later.
he electronic timepiece shown in FIG. 1 is configured in a manner
that a load means 20 is connected to a thermoelectric power generator 10 and
power generated by the thermoelectric power generator 10 is supplied to the
load means 20 for utilization. The electronic timepiece is further provided
20 with a controller 30 which measures the generated voltage of the
thermoelectric power generator 10 and controls power supply and suspension
of the power supply to the load means 20 in accordance with the generated
voltage.
he thermoelectric power generator 10 (not shown) in which many
25 thermocouples are electrically connected in series, is assumed to obtain about
1.5V of thermal electromotive force at a temperature difference of 1°C. The

thermoelectric power generator 10 outputs electromotive force obtained by



25 thernocouples are electrically connected in series, is assumed to obtain
about 1.5V of thermal electronotive force at a tenperature difference of

1C. The thernoelectric power generator 10 outputs el ectronotive force
.obtained by 9 the thernal power generation as a generated voltage V1. The

| oad nmeans 20 conprises a tinmekeeping neans 21 having a tinme- clock
function, an accunul ator 22 and a voltage-up converter 23. The ti nekeeping
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transitions soon after recerving | eading edge transitions of
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will  1oe ofdtéeWhile reducing the rotation with a train wheel, drives rotationally time
displaying hands.
he timekeeping means 21 generates a measuring clock S2 and a
voltage-up clock S3 by means of the above-described time-keep circuit, and
inputs the measuring clock S2 and the voltage-up clock S3 together into the
15 controller 30.
he measuring clock S2 is a signal having a waveform in which the
time to be a low level is 8 milliseconds having a cycle time of 2 seconds, and
has trailing edge transitions soon after receiving leading edge transitions of
the voltage-up clock S3. The voltage-up | clock S3 is a rectangular
20 waveform having a frequency of 4 KHz. Since the formation of waveforms
of the measuring clock S2 and the voltage-up clock S3 is possible by a simple
waveform synthesizing, a detailed explanation of the synthesizer circuit will
be omitted.
In the present embodiment, the time period when measuring clock S2
25  stays in the low level is simultaneously the time period when the voltage-up

converter 23 keeps on suspending the voltage-up operation. The reason

why the time period for the voltage-up converter 23 to suspend the voltage-



In the present enbodinment, the tine period when neasuring clock S2 25
"stays in the low level is sinultaneously the tine period when the

vol tage-up converter 23 keeps on suspendi ng the voltage-up operation. The
.reason why the tine period for the vol tage-up converter 23 to suspend the
vol tage 10 up operation is set, is as f&ﬁloms. that is, since the voltage
whi ch occurs at termnals of the thernoelectric power generator 10 is

| ower than_the voltage capabl ctual power generation, due to the
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vol tage-up converter 23,7 20 the thernoelectric power generator 10 is

connect o SMAMATINRAS 28, Fales il ebakiertiq one o
converfer GAtdBlRUdSteyRindd By the Giié Constahtahi to an inner impedance of the
thermoelectric power generator 10 and a capacity load of the voltage-up
converter 23.
he accumulator 22 is a second battery using lithium ions, and for an
easy exIlanation, it is assumed that terminal voltage is always taken to be a
15 constant value of 1.8V, without depending on the amount of charge and
discharge.
he voltage-up converter 23 is assumed, for a simplicity, to be a
voltage-up circuit which raises the input voltage twice by switching the
connection state of two sets of capacitors. In the voltage-up converter 23,
20 the thermoelectric power generator 10 is connected to an input side, and the
accumulator 22 and the timekeeping means 21 are connected in parallel to an
output side. The voltage-up converter 23 inputs voltage-up control signals
S5 and S6 which are outputted from the controller 30, and raises the
generated voltage V1 inputted from the thermoelectric power generator 10 to
25 output to the accumulator 22 and the timekeeping means 21. Incidentally,
the circuit and its operation will be later explained in detail.

he negative pole of the thermoelectric power generator 10, the



S5 and S6 which are outputted fromthe controller 30, and raises the
generated voltage VI inputted fromthe thernoelectric power generator 10 to
25 output to the accurmul ator 22 and the tinekeepi ng nmeans 21. Incidentally,
.the circuit and its operation will be | gter explained in detail. The
negative pole of the thernoelectric po generator 10, the 11 negative
pol e of the voltage-up converter 23, and the negative pole of the
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shoul d be noted that aﬁfl circuit group such as a tinme-Keep circuit of the

above-descri bed ThaelkdaRidlkr™B3@smédsul! thengeasfredi volageapati ofr thé
the vol tage-up converter 23, and the controller 30 can be configured on the
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Expl anati on of the controller: FIG 2 Next, a configuration and an

oper atjion @dnydieerc XX 3l lfeany dfhehe evsledgecnpccontrebistgralshSbnand B6Gin 1
wll be explained in détail with
accordance with values of the generated voltage V1 and controls power
supply and suspension of the power supply from the thermoelectric power
generator 10 to the load means 20. A detail configuration and operation of
the controller 30 will be explained later in detail.
15 It should be noted that all circuit group such as a time-keep circuit of
the above-described timekeeping means 21, portions excepting a capacitor of

the voltage-up converter 23, and the controller 30 can be configured on the

same integrated circuit similar to a typical electronic timepiece.

20 Explanation of the controller: FIG. 2
ext, a configuration and an operation of the controller in the
electronic timepiece shown in FIG. 1 will be explained in detail with
reference to FIG. 2.
he controller 30 comprises a comparator 40 with an operational
25 amplifier as a voltage measuring means, a first flip-flop circuit 41 and a
second flip-flop circuit 42, a first inverter 45 and a second inverter 46, a first

AND gate 48 and a second AND gate 49 and a regulator circuit 50.



reference to FIG 2. The controller 30 conprises a conparator 40 with an
operational 25 anplifier as a voltage neasuring nmeans, a first flip-flop
circuit 41 and a second flip-flop circuit 42, a first inverter 45 and a
.second inverter 46, a first AND gate 4% and a second AND gate 49 and a
regulator circuit 50. 12 The conparator 20 outputs a high level signal when
I nput voltage to the noninverting input terminal (+) exceeds input voltage
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second of | | Rl &4 comparfsoraveltagenee! eTHe ofiffute®rminal is connected to a

data-input terminal of the first flip-flop circuit 41, the generated voltage V1 is

compared with the comparison voltage V2, a high level or low level signal S1
in response to the comparison result (measurement result) is outputted as
described above, which is inputted to the data-input terminal of the first flip-
15 flop circuit 41.
he first flip-flop circuit 41 is a data-type flip-flop circuit in which
output is reset when the power supply is turned on, and the second flip-flop
circuit 42 is a data-type flip-flop circuit with an inverting reset input terminal.
The output terminal of the first flip-flop circuit 41 is connected to a data-
20 input terminal of the second flip-flop circuit 42, and the first flip-flop circuit
41 and the second flip-flop circuit 42 are connected in series.
he measuring clock S2 outputted from timekeeping means 21 is
inputted to clock input terminals of the first flip-flop circuit 41 and the
second flip-flop circuit 42 respectively. Then, respective flip-flop circuits
25 41 and 42 perform signal holding and signal outputting of the data-input
terminal on receiving the leading edge transition of the waveform of the

measuring clock S2. Furthermore, an output terminal of the first flip-flop



The nmeasuring clock S2 outputted fromtinekeeping means 21 is inputted to
‘clock input terminals of the first flip-flop circuit 41 and the second
flip-flop circuit 42 respectively. Then, respective flip-flop circuits 25
.41 and 42 perform signal holding and signal outputting of the data-input
term nal on receiving the | eading edge ttansition of the waveform of the
measuring clock S2. Furthernore, an output termnal of the first flip-flop
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signals as a second voltage-up signal S6. The regulator circuit 50 is a
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havi ng . 9ghal eftiesetthdee siphaldad aFirspvoltapelupssignal S5.
he measuring clock S2 from the timekeeping means 21, and an
output signal of the first flip-flop circuit 41, and an output signal of the
second inverter 46 (an inversion signal of the voltage-up clock S3) are
inputted in the second AND gate 49, and the second AND gate 49 outputs the
15 AND signal of these three signals as a second voltage-up signal S6.
he regulator circuit S0 is a circuit for generating a comparison
voltage, and is configured to select either one of two voltage levels to output
the comfarison voltage V2 from the output terminal. That is, when a high
level signal is inputted from the first inverter 45 to the input terminal, a
20 comparison voltage V2 having 0.9V is outputted, and when a low level signal
is inputted, a comparison voltage V2 having 0.81V is outputted.
t should be noted that the comparison voltage V2 of the regulator
circuit jO is usually set to 0.9V. This voltage value is set in consideration
that when the generated voltage V1 of the thermoelectric power generator 10
25 becomes larger than 0.9V, a desired charging current can be obtained by
outputting twice of the generated voltage V1 to the accumulator 22 which has

a terminal voltage of 1.8V. The value of 0.81V is a voltage value of the



is inputted, a conparison voltage V2 having 0.81V is outputted. t should be
noted that the conparison voltage V2 of the regulator circuit O is usually
set to 0.9V. This voltage value is set in consideration that when the
.generated voltage V1 of the thernoel ectric power generator 10 25 becones

| arger than 0.9V, a desired charging cutfent can be obt ai ned by outputting
tw ce of the generated voltage V1 to the accunmul ator 22 which has
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t he vol tage-up converter in the electronic tinmepiece shown in FIG 1 will
be explained with reference to FIG 3. The voltage-up converter 23 shown

in FIG 3 ' | ; -
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switch 93, an ourt oltage-up swtch 94 are p- channel type FETs.

15 The firpigval t age-up svvltch 91 connects a negatlve pol e of the first
vol tage-up capacitor 101 to a drain term nal and grounds a source termnal,

and is controll h@“v@Ita%é-fu Yednertep! 2396heRnC ant FIG, I Worhpiited rofifshe
controller 30 inputted t e gate termnal. The third voltage up switch 93
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10 switch 93, a fourth voltage-up switch 94, a first voltage-up capacitor 101 and
a second voltage-up capacitor 102.

he first voltage up switch 91 is an n-channel type electric field effect
transistor (FET) and the second voltage-up switch 92, the third voltage-up
switch 93, and the fourth voltage-up switch 94 are all p-channel type FETs.

15 The first voltage-up switch 91 connects a negative pole of the first
voltage-up capacitor 101 to a drain terminal and grounds a source terminal,
and is controlled on or off by the voltage-up control signal S5 from the
controller 30 inputted to the gate terminal.

he third voltage-up switch 93 connects a positive pole of the first

20 voltage-up capacitor 101 to the source terminal and connects a positive pole
of the thermoelectric power generator 10 to the drain terminal to input the
generated voltage V1. And similarly to the first voltage-up switch 91, the
third voltage-up switch 93 is controlled on or off by the voltage-up control
signal S5 from the controller 30 inputted to the gate terminal.

25 The second voltage-up switch 92 connects the positive pole of the
thermoelectric power generator 10 to the source terminal and connects the

negative pole of the first voltage-up capacitor 101 to the drain terminal, and



_of the thernoelectric power generator 10 to the drain termnal to input the
generated voltage V1. And simlarly to the first voltage-up switch 91, the
third voltage-up switch 93 is controlled on or off by the voltage-up
.control signal S5 fromthe controller 3Q inputted to the gate termnal. 25
The second vol tage-up switch 92 connect 29t he positive pole of the

t hernoel ectric power generator 10 to the source termnal and connects the
negative pol e he fir val t age- up ca .10l r al ymal |
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term nal O{Grg'gﬁa fourth voltage-up switch 94, which is charged to the

accunul at or . ]Si nce the voltage-up converter 23 is configured as above,

by switching t n f [ % u hiC a2,
of anc ou throtgh thet EPAGENE, CRRBRE! 101 A dne, ReBthdr laBt-ub
contralg ercafhcitor 102 are components attached outside of the integrated circuit

described above, in which the capacity is 0.22 pF for both. The second
voltage-up capacitor 102 is connected to the thermoelectric power generator
10 in parallel for stabilizing the terminal voltage of the thermoelectric power
generator 10.

15 A voltage-up output V3 is outputted from the source terminal of the
fourth voltage-up switch 94, which is charged to the accumulator 22.

Since the voltage-up converter 23 is configured as above, by
switching the on-off states of respective voltage-up switches 91, 92, 93, and
94 through the voltage-up control signals S5 and S6 from the controller 30,

20 the voltage-up converter 23 operates as follows.

First, when the first voltage-up switch 91 and the third voltage-up
switch 93 are both in an on-state, the thermoelectric power generator 10 and
the first voltage-up capacitor 101 are connected in parallel, the first voltage-
up capacitor 101 is charged by the generated voltage of the thermoelectric

25 power generator 10, so that the voltage on the positive pole of the first
voltage-up capacitor 101 becomes nearly the same as the generated voltage.

Incidentally, the second voltage-up capacitor 102 is always connected




20 the voltage-up converter 23 operates as follows. First, when the first
vol tage-up switch 91 and the third voltage-up switch 93 are both in an
on-state, the thernoelectric power generator 10 and the first voltage-up
.capacitor 101 are connected in parallel, the first voltage- up capacitor
101 is charged by the generated voltagelgf the thernoel ectric 25 power
generator 10, so that the voltage on the positive pole of the flrst
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configuration ect ronic tinmepiece: FIG 4 An exanple of the | nner
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is a wist watch. él'ectronic timepiece, a metal case 61 fitting a
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the generated voltage of the thermoelectric power generator 10, that is the
voltage twice of the generated voltage, can be obtained on the drain terminal

of the fourth voltage-up switch 94 as a voltage-up output.

15 Explanation of a configuration of the electronic timepiece: FIG. 4
An example of the inner configuration of the above-described
timepiece is shown in FIG. 4 when it is a wrist watch. In this electronic
timepiece, a metal case 61 fitting a glass 60 therein on the upper surface
portion, and a metal case back 62 are integrally engaged through a heat
20 insulator 63 to form a closed space in the inside thereof. A thermoelectric
power generator 10 which is composed of many thermocouples formed in a
ring-shape is disposed around the closed space, and a movement 65 is
provided, which rotationally drives a time-display hand group 66 consisting
of an hour hand, minute hand and second hand in the inside.
25 In the thermoelectric power generator 10, the warm junction side is
adhered to the inner surface of the case back 62 which is heated by a bodily

temperature when the wrist watch is worn on an arm, and the cold junction



20 insulator 63 to forma closed space in the inside thereof. A

t hernoel ectric power generator 10 which is conposed of nmany thernocoupl es
formed in a ring-shape is disposed around the closed space, and a novenent
.65 is provided, which rotationally dri %s a tinme-display hand group 66
consisting of an hour hand, m nute hand‘and second hand in the inside. 25
In the thernoel ectric power generator 10, the warmjunction side is
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ti mekeeping neans 21 in the |oa ans he time-keep circuit, c?rcui ts
except isng gfQe fwhpdforitl sERE0 TRomOtHeadfite-kBes 2pRGL 6f $hd GilmeReE¥hihSmeahs t he
vol tage-up converter 23, and the control circuit 30 are formed rnto the
sanme int eg?pig¢he ldsdimeans@0.as descri bed above 10 and are provided within
t he novenent 65. Expl anation of the operation of the thernoelectric system

FIG 1 to FIG 3ThanimélikeepSeirdieix; cirélits ere¢mting the firshasdizedond voltjget he
above-described 15 electronic tinepiece, that is a thernoelectric system

accordi ng 1%]]9 dapachoes¢0l, andved2, ef thavvioltape-ex Rbaveaedr \B3, hridefles eoatrol o
FIG 1 to G 3 and FIG 5. | n the follow ng explanation, assum ng that

el ectric egigcdly 30per-forngidihtorthehante intepraedcidit AGUAS desaritied abdve ve

the ti nekeeping neans 21, and term nal voltage of the accumul ator 22
al way s onai aidiars plodded within the movement 65.

Explanation of the operation of the thermoelectric system: FIG. 1 to FIG. 3
and FIG. 5.
Next, the operation of an embodiment of the above-described
15 electronic timepiece, that is a thermoelectric system according to the present
invention, will be explained with reference to FIG. 1 to FIG. 3 and FIG. 5.

n the following explanation, assuming that electric energy
accumulated in the accumulator 22 is sufficient to drive the timekeeping
means 21, and terminal voltage of the accumulator 22 always maintains 1.8V

20 regardless of whether it is charging or discharging. When the accumulator
22 is in this state, the timekeeping means 21 can be operated and performs
usual time-keep operation and hand-drive operation. And the controller 30
is also in an on-state.

At this time, the first flip-flop circuit 41 shown in FIG. 2 in the

25 control circuit 30, is in a state such that the time keeping data is reset by
turnin'g the power on, that is, outputs a low level signal. Then, the first

AND gate 48 and the second AND gate 49 always output low level signals as



20 regardl ess of whether it is charging or discharging. Wen the
“accunulator 22 is in this state, the tinekeepi ng neans 21 can be operated
and perforns wusual time-keep operation and hand-drive operation. And the
.controller 30 is also in an on-state. At this tinme, the first flip-flop
circuit 41 shown in FIG 2 in the 25 c rol circuit 30, is in a state
such that the tinme keeping data is reset by turning the power on, that is,

gat o a0 a WEHREGPLHRAAN SN 3G IR Teted oy Pt B o ERErARE A o5°
to i nput ?y!r&m]ilgggghcjgcgﬁﬁlélout putted fromthe first flip-flop circuit 41.

onsequent tonverter 23 shown in FIG 3 is in a state

e ] PO s B8 bR A B 1,
e output o o FoliggEy SR oF S LRGK (UG e bR 1 1o 1S
evel 300 the oubphic Shanel ofl rdieefbies O B¢ Snder i daing e

out puts vo [ . itheal
csshed 1 papddBe Hutphl st 88 o3t CPIRALL £ 16w RyEPOR(E: sikhAlOf the first

under a ci t1 no Bﬁﬁﬁ : is C
bet ween bopﬁﬁf? m%ugpg' 'th%ct er%@i’?&?%ﬁ%g&mﬁﬁ é?ﬁgﬁlg ?&E?l&é@aﬁgf Oi’}Ihe

gener at ed : Hel. i T ,
conpar at orlé?i}lgt,l %gﬁot\\}énjc ?ﬁ@ﬁlggﬂ;&?f t egﬁgsgnl?l S’gﬁ%r %%f{pti’tg:éingg?etgbpﬁéulator
gener at ed a it y

0.9V, and ?ﬁgﬂé@@ Becottiess Highlisvel; e foghilirof ARG Rk ng%lt& doirdge of

(measyfed 9\YWukkhé RotpRT4diySltage 2T to FIG 5).

ow, it is assumed that an electronic timepiece of this thermoelectric

system 1s under a circumstance that not much of a temperature difference
occurs between both terminals of the thermoelectric power generator 10, and
the generated voltage V1 became about 0.85V, below 0.9V.

15 Then, the comparator 40, shown in FIG. 2 of the controller 30,
compares the generated voltage V1 of about 0.85V with the comparison
voltage V2 of 0.9V, and judges it to be V1 < V2 and makes the output signal
S1 (measured output) in a low level (refer to FIG. 5).

n the other hand, in the measuring clock S2 inputted into the first

20 flip-flop circuit 41, as shown in FIG. 5, the waveform makes the trailing edge
transitions from a high level to a low level at a 2 second period and makes the
leading edge transition after 8 milliseconds. That is, it alternatively repeats
to be in a high level state during a period of (2 seconds minus 8 milliseconds)
and in a low level state during a period of 8 milliseconds.

25 The first flip-flop circuit 41 captures the measured output S1 when
the measuring clock S2 is at the leading edge transitions. And when the

measured output S1 is in a low level, the output is maintained in the low level



O the other hand, in the nmeasuring clock S2 inputted into the first 20
flip-flop circuit 41, as shown in FIG 5, the waveform makes the trailing
edge transitions froma high level to a low |level at a 2 second period and

.makes the |eading edge transition after 8 mlliseconds. That is, it
alternatively repeats to be in a high 1&el state during a period of (2
seconds mnus 8 mlliseconds) and in a |low |level state during a period of
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in the higgeheyel voThbakahtHdbatput signal (measured output) S1 is made to be in a
high level (refer to FIG. 5).
en the waveform of the measuring clock S2 takes the trailing edge
transitions from the high level to the low level at a period of two seconds and

15 takes the leading edge transitions after 8 milliseconds by taking the measured
output S1 to be in the high level, the first flip-flop circuit 41 captures the high
level measured output S1 to make the output in the high level. Through this,
the second flip-flop circuit 42 is canceled the reset state to be in a waiting
state for capturing data.

20 When the output of the first flip-flop circuit 41 is in the high level, the
first AND gate 48 outputs a waveform corresponding to the AND signal of
the voltage-up clock S3 and the measuring clock S2 as the voltage-up control
signal S5. Similarly, the second AND gate 49 outputs a waveform
corresponding to the AND signal of an inversion signal of the voltage-up

25 clock S3 and the measuring clock S2 as a voltage-up control signal S6.

t this time, both the voltage-up control signals S5 and S6

alternatively repeat the high level and the low level at the same periodicity as



the second flip-flop circuit 42 is canceled the reset state to be in a
waiting state for capturing data. 20 Wien the output of the first
flip-flop circuit 41 is in the high level, the first AND gate 48 outputs a
.waveform corresponding to the AND signal_ of the voltage-up clock S3 and

t he neasuring clock S2 as the voltage-u@Qanrol signal S5. Simlarly, the
second AND gate 49 out puts a waveform correspondlng to the AND signal of
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generation, the voltage-up
signals S5 and S6 having this waveform are inputted into the voltage-up

converter 23, the voltage-up converter 23 performs a voltage-up operation
which allows to output voltage of twice the value of the generated voltage V1
while the measuring clock S2 is in the high level.

15 That is, if the generated voltage larger than 0.9V is generated after the
thermoelectric power generator 10 starts power generation, the voltage-up
converter 23 starts voltage-up operation to charge the accumulator 22.
Through this step, power supply from the thermoelectric power generator 10
to the load means 20 is started to perform.

20 If the circumstances are maintained in which the temperature
difference of 0.67°C is possible to be created, the waveform of the measuring
clock S2 takes the trailing edge transition again during that time. Then,
since the voltage-up control signals S5 and S6 which are outputs of the first
AND gate 48 and the second AND gate 49 become to be in the low level

25 during 8 milliseconds in which the measuring clock S2 is in the low level, the
voltage-up operation of the voltage-up converter 23 temporarily suspends.

en the measuring clock S2 takes the leading edge transition after 8



~converter 23 starts voltage-up operation to charge the accunul ator 22.
Through this step, power supply fromthe thernoel ectric power generator 10
to the load neans 20 is started to perform 20 If the circunstances are
.maintained in which the tenperature difference of 0.67C is possible to be
created, the waveform of the measuring i ock S2 takes the traili ng edge
transition again during that tinme. Then, since the voltage-up control
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vol t age-up contr signals S5 and S6 are again outputted, as sho
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At this time, since the output of the first flip-flop circuit 41 is in the
high level, when the measuring clock S2 makes the leading edge transition,
the voltage-up control signals S5 and S6 are again outputted, as shown in FIG.
5, and the voltage-up converter 23 continues the voltage-up operation.

15 Furthermore, if the circumstances are maintained in which the
temperature difference of 0.67°C is possible to be created similarly in the
thermoelectric power generator 10, the waveform of the measuring clock S2
again makes the leading edge transition, similarly to the above, and makes
the trailing edge transition two seconds later. The voltage-up converter 23

20 then temporarily suspends.

At this time, the thermoelectric power generator 10 is to supply power

to the load means 20 continuously during the aforementioned period of about

4 seconds (around two cycles of the measuring clock S2) to keep on feeding
charging current to the accumulator 22 through the voltage-up converter 23

25 or feeding current to the timekeeping means 21. Accordingly, the

thermoelectric power generator 10 receives influence of the Peltier effect

caused by the current, and the temperature difference created between both



‘tenperature difference of 0.67C is possible to be created simlarly in the
t hernoel ectric power generator 10, the waveform of the nmeasuring clock S2
agai n makes the | eading edge transition, simlarly to the above, and nakes
.the trailing edge transition two seconds, | ater. The vol tage-up converter 23
20 then tenporarily suspends. At this ti“fe, the thernoel ectric power
generator 10 is to supply power to the |oad neans 20 continuously during
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retrieved so soon. t age i nstance, 0.9V that is
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starts, a state to suspend the voltage-up operation of the voltage- up

converter gfifiente of 6P uppesks di gahetaléd vbltige Ve conpari son vol tage
V2 outputted by the regulator circuit 50 has been changed to 0.81V in the
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generation starts, a state to suspend the voltage-up operation of the voltage-

up converter 23 is to be continued. But at this time, the comparison voltage

V2 outputted by the regulator circuit 50 has been changed to 0.81V in the

controller 30 during the previous measuring of generated voltage, estimating

15 the amount of voltage lowered by the influence of the Peltier effect as
described above.

That is, when the thermoelectric power generator 10 supplies power
for more than a predetermined period of time continuously, in this instance,
when the measured result of the generated voltage by means of the

20 comparator 40 exceeds the comparison voltage consecutively two times, the
controller 30 regards the influence of the Peltier effect as can not to be
ignored, then reduces the value of the comparison voltage V2 outputted by
the regulator circuit 50 and measures the generated voltage V1 by the
comparator 40 compensating for the lowered value of the generated voltage

25 V1 due to the influence of the Peltier effect. The function described above
corresponds to the “compensating means” in the present invention.

Therefore, even when the generated voltage V1 of the thermoelectric



15 the anmount of voltage |owered by the influence of the Peltier effect as
descri bed above. That is, when the thernoel ectric power generator 10
supplies power for nore than a predeterm ned period of tine continuously,
.in this instance, when the neasured result of the generated voltage by
means of the 20 conparator 40 exceeds t HS conpari son vol tage consecutively
two tinmes, the controller 30 regards the influence of the Peltier effect
as can not to be ign
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vol t age- up ‘Gperation contl nuousl an a pre rmne
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hus, in this embodiment, when the voltage-up converter 23 keeps on

performing the voltage-up operation continuously for more than a
predetermined period of time (about 4 seconds), the power generating voltage
V1 lowers to 0.9V by the influence of the Peltier effect. Yet, regarding that
15 the actual thermoelectric power generator 10 has capacity to generate voltage
corresponding to 1.0V, the controller 30 controls so as to continue power
supply from the thermoelectric power generator 10 to the load means 20
without suspending the voltage-up operation of the voltage-up converter 23.
ext, suppose that while the voltage-up converter 23 thus continues
20 the voltage-up operation, circumstances are changed to a state in which a
temperature difference of only 0.6°C is created on both ends of the
thermoelectric power generator 10. This temperature difference
corresponds a temperature difference in which the generated voltage V1 is
0.9V, if the thermoelectric power generator 10 has no load.
25 At this time, similar as above, when a waveform of the measuring
clock S2 again takes the trailing edge transition, the voltage-up converter 23

temporarily suspends the voltage-up operation. But since the influence of



V1 lowers to 0.9V by the influence of the Peltier effect. Yet, regarding
that 15 the actual thernoelectric power generator 10 has capacity to
generate voltage corresponding to 1.0V, the controller 30 controls so as
.to continue power supply fromthe thernpel ectric power generator 10 to the
| oad nmeans 20 w thout suspending the v@o“t age-up operation of the

vol tage-up converter 23. Next, suppose that while the vol tage-up converter
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25 At this ove, en a wavetorm of the neasuring clock

S2 again tﬁ}gﬁéﬁﬂﬁ@_wgg%lﬁg&%é{,@_nsition, t he vol tage-up converter 23

tenporarily suspendsth age-up operation. But since the influence of
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first flip-Tlop circuit 41 shifts fromthe high level to the [Tow |level at
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of the first flip-flop circuit 4171s in the lowlevel, the controller 30
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controller 30 becomes a state initialized similar to the beginning of the power
supply. That is, the voltage-up control signals S5 and S6 are fixed in the
low level as shown in the right end portion in FIG. 5. And the keeping data
in the second flip-flop circuit 42 is also reset and further the regulator circuit

15 50 becomes again to output voltage of 0.9V as the comparison voltage V2.

{Xt this time, by fixing the voltage-up control signals S5 and S6
outputted from the controller 30 in the same way as the beginning of the
power supply, the voltage-up converter 23 keeps on staying in a state of
suspension of the voltage-up operation.

20 Accordingly, when generated power of the thermoelectric power
generator 10 can not substantially feed to the load means 20 depending on
circumstances that the electronic timepiece is put, the controller 30 suspends
the operation of the voltage-up converter 23 to stop the power supply from
the thermoelectric power generator 10, so that electric energy charged in the

25 accumulator 22 does not flow backward to the thermoelectric power

generator 10. At this time, electric energy charged in the accumulator 22 is

supplied to the timekeeping means to allow the operation to continue.



| ow | evel as shown in the right end portion in FIG 5. And the keeping data
“in the second flip-flop circuit 42 is also reset and further the regul ator
circuit 15 50 becones again to output voltage of 0.9V as the conparison
.voltage V2. At this tine, by fixing the voltage-up control signals S5 and
S6 outputted fromthe controller 30 in%%e sane way as the begi nning of
the power supply, the voltage-up converter 23 keeps on staying in a state
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the voltage-up operatfon of” the voltage-up converter 23"is continued even
when voltage-up operation of the voltage-up converter 23 is continued even when

the generated voltage V1 is lower than the above-described predetermined

level. And when the generated voltage V1 of the thermoelectric power

generator 10 is lower than another level which is set to be lower than the

15 above-described predetermined level, it operates in such a manner that the

voltage-up operation of the voltage-up converter 23 is suspended so as to
suspend the power supply to the load means 20.

hough no reference is made in the previous explanation of the

operation, when the generated power from the thermoelectric power

20 generator 10 is not taken out continuously, that is, when the generated voltage

V1 of the thermoelectric power generator 10 is lowered due to a change of

circumstances, and the comparator 40 of the controller 30 makes the

measuring output S1 to be in the low level, just after the measurement that

the generated voltage V1 of the thermoelectric power generator 10 is in the

25 level capable of voltage-up charging, output of the first flip-flop circuit 41

takes the low level at once in the following measurement, thereby the

controller 30 becomes an initial state similar to the time of power on, a




_the generated voltage V1 is |ower than the above-described predeterm ned

| evel . And when the generated voltage V1 of the thernoelectric power
generator 10 is | ower than another level which is set to be |ower than the
. 15 above-descri bed predeterm ned level, jt operates in such a nmanner that
the voltage-up operation of the voltagéﬁhp converter 23 is suspended so as
to suspend the power supply to the |load neans 20. T hough no reference is
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structure in relation to the outside.
urthermore, in this embodiment, compensation at the time of
measuring the generated voltage is carried out by just changing the
comparison voltage (threshold value) in the comparator 40, the Peltier effect
often changes the magnitude of the effect according to the amount of current
15 passing from the thermoelectric power generator 10. In such cases, more
flexible thermoelectric system to perform compensation considering the
magnitude of the Peltier effect can be realized by providing another means to
measure the amount of electric current passing from the thermoelectric power
generator 10, and by setting in advance voltage for which the controller 30
20 compensates in response to the measured amount of current.
dditionally, in this embodiment, the load means 20 is cited to
explain a load means, in which a charging circuit of a second battery
(accumulator 22) using the voltage-up converter 23 is a main load, but the
load means is not limited to this but any electronic device which is a load
25 using the generated power of the thermoelectric power generator 10 to
perform the operation will be applicable.

T is conceivable, for instance, to be a load means which uses a



furthernore, in this enbodi nent, conpensation at the time of neasuring the
generated voltage is carried out by just changing the conparison voltage
(threshold value) in the conparator 40, the Peltier effect often changes
.the magni tude of the effect according tqut he amount of current 15 passing
fromthe thernoel ectric power generator <O. In such cases, nore flexible
thernoel ectric systemto perform conpensation considering the magnitude of
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of the voltage-up ope I on, though not used in the above-nentioned
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performed an analog-digital conversion using an analog-digital converter

(A/D conversion) circuit to obtain a binary generated voltage value of the
thermoelectric power generator. However in this case, the analog-digital
converter circuit corresponds to a means for measuring power generation, the
15 controller is required only to process the analog-digital conversion output by
adding compensation and the operation of the analog-digital converter circuit

itself is not needed to change.

INDUSTRIAL APPLICABILITY

20 As explained above, according to the thermoelectric system of the
present invention, supply of power and suspension of the power supply to the
load means can be optimally controlled in response to the generated voltage
of the thermoelectric power generator by measuring with compensation for
the lowering of generated voltage due to the Peltier effect created by such a

25 manner that the thermoelectric power generator continues to pass a load
current, and the load means can utilize generated power of the thermoelectric

power generator most effectively.




10 conpensation according to the present invention to an output signal
performed an anal og-digital conversion using an anal og-digital converter
(A/D conversion) circuit to obtain a binary generated voltage val ue of the
. thernoel ectric power generator. However in this case, the anal og-digital
converter circuit corresponds to a mean®8 or measuring power generation

the 15 controller is required only to process t he anal og-di gital conversion
out put by addi ng conpensation and t r tion of the anal og-digital
converter circuit itself is not nee ange | NDUSTRI AL APPLI CABI LI TY
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10 said controller is provided with a compensating means, when power is
continuously supplied to said load means from said thermoelectric power
generator for more than a predetermined period of time, which measures with
compensation for the generated voltage.

%. The thermoelectric system according to claim 1, wherein said

15 controller further comprises another controller to control operations of said
load means.

. The thermoelectric system according to claim 1 or 2, wherein said
compenLting means is to measure with compensation for said generated
voltage by the amount of reduction of the generated voltage of said

20 thermoelectric power generator caused by the Peltier effect resulting from
current which flows when power is continuously supplied from said
thermoelectric power generator to said load means for more than a
predetermined period of time.

4. The thermoelectric system according to claim 1 or 2, wherein said

25 controller is provided with a means to intermittently measure the generated
voltage of said thermoelectric power generator at a predetermined period of

time and to block the power supply route from said thermoelectric power



10 said controller is provided with a conpensating neans, when power is
continuously supplied to said | oad neans from said thernoel ectric power
generator for nore than a predeterm ned period of tinme, which neasures with
. conpensation for the generated voltage. ~ The thernoelectric system
according to claim1, wherein said 15 &ntroller further conpri ses anot her
controller to control operations of said |oad neans. . The thernoelectric
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10 controller is to control so as to supply power from said thermoelectric power
generator to said load means when the result of the generated voltage
measured at the predetermined period exceeds a set value, and to suspend the
power supply to said load means when the measured result is below the set
value.

15 7. The thermoelectric system according to claim 5, wherein said
controller is to control so as to supply power from said thermoelectric power
generator to said load means when the result of the generated voltage
measured at the predetermined period exceeds a set value, and to suspend the
power supply to said load means when the measured result is below the set

20 value.

. The thermoelectric system according to claim 4, wherein said
compeniating means regards as that the power has been continuously
supplied from said thermoelectric power generator to said load means for
more than the predetermined period of time, under the condition that the

25 measured result exceeds the set value consecutively by the number of times

previously set, and measures the generated voltage with compensation from

next time of the measurement.



_The thernoel ectric systemaccording to claim4, wherein said 10 controller
is to control so as to supply power from said thernoel ectric power
generator to said | oad neans when the result of the generated voltage
.measured at the predeterm ned period exceeds a set value, and to suspend
the power supply to said | oad neans whel? the neasured result is bel ow the
set value. 15 7. The thernoel ectric systemaccording to claimb5, wherein
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9. The the ctric system accor to claim erein
conpensatiﬁgkmﬁﬂﬁ§agﬁﬁgmg§‘ﬁ%nkgﬁg the power has been continuously
supplied fromsaid t ernnefectrlc power generator to said | oad neans for
nore than the predeterm ned period of tine, under the condition that the 5
nmeasured result exceeds the set value consecutively by the nunber of tines
previously set, and neasures the generated voltage with conpensation from
next tinme of the nmeasurenent.



