DESCRI PTI ON ‘ELECTRONI C TI MEPI ECE 5 TECHNI CAL FI ELD The present invention
relates to an electronic tinepiece provided with a solar cell as a power
sour ce. BACKGROUND TECHNOLOGY 10 _ An el ectronic timepiece (especially
wistwatch) with solar cell, in which electric power generated by a sol ar
cell is accunulated in an electric power akcunul ation device (referred to
as "accunul ator device" hereinafter), and tine keep and tine display are
performed with the accunul ated el ectric power, has recently becone

wi despread: 15 From t he aboveD?:dx @Wﬁ supposed that the
0 %a

conveni ence of freedomfromtrouble ery replacenent and the recent
requirements to prevent environmental pollution due to battery waste, are
supported by users of wistwatches. The nost basic configuration of a

conventional el ectronic timepi eBEEOTRONICATMEPEECE S shown in Fig. 8. In
this electronic tinmepiece with solar cell, electric power generated by a

solar cell 101 is accunulated in an accunul ator device 104 and a tinme

keepi ng means 105 is driven by the accumul ated el ectric power. As the solar.
cell 1015 a PEGHNICAIFIEED s (general |y about four cells) made -by vapor
25 deposition of an anorphous silicon thin filmonto a substrate and
connected in seri ebhe present daventicr elates tchan abentrodietimepiece grrovided with
secondary cell - 2. (battery) is used. The tine keeping neans 105 is an

el ectronic t_ﬂﬁ@ﬂl’@@ﬂ WUPPWEESOPICHi ng a tinme keep counter circuit having a
quartz oscillator circuit, an . '

BACKGROUND TECHNOLOGY

10 An electronie tifnepiece (especially wristwatch) with solar cell, in
which electric power generated by a solar cell is accumulated in an electric
power accumulation device (referred to as “accumulator device” hereinafter),
and time keep and time displéy are performed with the accumulated electric
power, has recently become widespread.

15 From the above it has been supposed that the convenience of freedom
from trouble of battery replacement and the recent requirements to prevent
environmental pollution due to battery waste, are supported by users of
wristwatches.

The most basic configuration of a conventional electronic timepiece

20 with solar cell is shewn in Fig. 8. |

In this electronic timepiece with solar cell, electric power generated
by a solar cell 101 is accumulated in an accumulator device 104 and a time
keeping means 105 is driven by the accumulated electric power. As the

- solar cell 101, a plurality of cells (generally about four cells) made by vapor
25  deposition of an amorpheus silicon thin film onto a substrate and connected.

in series, are widely used. As the accumulator device 104, a secondary cell



el ectric counter circuit (frequency dividing circuit) and the like, a
digital 5 display or hands and a drive nmechani smthereof for displaying a
time and the like, and so on. A reverse flow preventing diode 802 is

provi ded to prevent the accunul ated el ectric power from decreasing due to a
reverse flow of an electric current from2he accunul ator device 104 to the -
solar cell 101 in a 10 state where the generated voltage by the solar cel
101 is low due to weak anbient |ight. However, even if the reverse flow

preventing gﬁ ?g serve to prevent |eakage current in a state where
t he generat Gzﬁgegy %gﬁ%ﬂ; the solar cell 101 is lowin low intensity of

the generat el VoYY 2p8” ! | i
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The influence of the voltage drop of about 0.5 V due’to the reverse ow
preventifg display 90 hadieiscarmbaarivy meghaiishn thereof fobdiplayinga tinge hndrthe

ti mepi ece using a solar cell in which the nunber of cells connected in

seri es (thelikephed sofonli vi ded surface el ectrodes) is few This is because
the generated voltage by one cell of the solar cell is 25 about 0.5V, and
it is multiplied By remerseuflow preveating diode 3021 isnprevided tw prevent dhee
of the generated voltage of the solar cell, therefore a solar cell 3
havi ng a sn@ccumulaed glecaam powen feemedecreasing slienta a reverseuflow of an
voltage. Especially in a_single cell having the nunber of cells_connected
in series =ef€,ctra¢rﬁs§rer@n from%ﬁ@cg@mqat@agmcsa H9 theesalar gell 0L o2 | s

consurreizlo ' "sfate where the generated voltaige by the solar cell 101 is low due to weak

ambient light. |
However, even 1f the reverse flow preventing diode 802 can serve to
prevent leakage cuirent in a si:ate where the generated voltage by the solar
cell 101 is low in low intensity of illumination as described above, it
15 conversely has the disadvantage when the intensity of illumination is high
and therefore the generated voltage by the solar cell 101 is high, a forward
voltage drop of about 0.5 V due to the reverse flow preventing diode 802
produces a loss, which causes the charging efficiency of the accumulator
device 104 to lower. |
20 | The influence of the voltage drop of about 0.5 V due to the reverse |
flow preventing diode  802 becomes a more significant problem in an
electronic timepiece using a solar cell in which the number of cells connected
in series (the number of divided surface electrodes) is few.
This is because the generated voltage by one cell of the solar cell is
25 about 0.5V, and it is multiplied by the number of cells connected in series to

be a value of the generated voltage of the solar cell, therefore a solar cell



forward voltage drop of the reverse flow preventing di ode 802, thereby 5
operational conditions for charging the accumul ator device 104 are not
establ i shed. For the accunul ator device in such an electronic tinepiece

- with solar cell, an accunul ati on nmeans having a | arge capacitance is used
so as to drive its tine keeping neans for Z'long tinme even in a state where
the solar cell 10 does not generate electric power. Therefore, there is a
di sadvantage in that in a state where the accunul ated el ectric power has
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accunul ator device and a S capacl t accunu tOF deviCe

in parallel iMWlth%@ furdps ofMite eevérte 2fIp/ "i:frF%ﬁﬁn%Odﬁf(ﬁr ‘8099'@%?&89‘9

el ectric power in a stafe where the accumul at ed ectrit power 1n’t

accumul atsor Giferational ecdirtitionsnfay! ehaigihpt d YacRRHERS FSvilesS A4 ee 2h8Y €
the smal | accumul ator device is first charged by the generated electric
power and t testablished.me keepi ng means can start its driving in a short tine
with the accunul ated el ectric power. An exanple of the configuratlon_ls
shown in Fig. 9. IFonthe agdurhularsr devieetintsyoh @ eleotroric timepigcecwithi sdlar
solar cell, a_.small capacitance accunul ator device (capacitor) 905 and a

| ar ge capaci @R ecuInulation meansg hawng@ lesgeaoapwyam ifsl)u @as to drive
connected in rallel to the so 101 via reverse oW preventing
di odes 901 éﬁﬁé@‘% lﬁeﬁpm&éléefms k &lgn@m oyemidna state wherswthe solargcelB.

10 does not generate electric power. Therefore, there is a disadvantage in that
in a state where the accumulated electric power has been almost totally
consumed, it takes a long time; after illuminating the solar cell again before
enough electric power is accurhulated in the accumulator device to cause the
time keeping méa;ns to start its operation.
15 To solve the above disadvantage, there exists a quick start type
electronic timepiece having a configuration in which a large capacitance
~ accumulator device and a small capacitance accumulator device are provided
in parallel, and when light is emitted to a solar cell to start generating electric
power in a state where the accumulated electric power in the accumulator
20 device has been almost totally bonsumed as described above, the small
accumulator device is first charged by the generated electric power and then
the time keeplng means can start its dnvmg in a short time with the
accumulated electric power.
An example of the configuration is shown in Fig. 9. In the quick-
25 start type electronic timepiece with solaf cell, a small capacitance

accumulator device (capacitor) 905 and a large capacitance accumulator



The smal | capacitance accunul ator device 905 is directly connected 5 to
the tinme keeping neans 105 in parallel, and a switch 903 for selecting an
object to be charged is inserted between the | arge capacitance accunul at or
devi.ce 906 and the di ode 902, and a switch 904 for selecting a power source
Is also inserted between the | arge capaciﬂance'accunulator devi ce 906 and
the tine keeping neans 105. 10 Furthernore, a voltage detection
means 907 is provided in the above tinepiece to detect the value of the

accunul at ed crea%@ CRRfet I VA sand
to electri cgfﬁlpiy o nferﬂg‘li&{yh%a n?gﬁﬁ%tat egbo 1 ﬁgﬁémgé@%gﬁadrﬁpégg%ﬁ
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accurul ated voltage Vb of the Targe capacitance 15 “accunul at or devi ce 906

i s bel ow a geeiset 104shown ieFi@.rol of bringing the switch 903 into the
on-of f states at a predetermned ratio is repeated, thereby the small
capaci t ance accuniihet smallecdpaeitaibeiaccymulator dévicge?D31is! ditestlyacgrnected
capaci tance accunul ator device 906 is gradually charged. At this time, the
switch 994 te thegime keepingmeansal@) iniparabiel, tand 2 iswatche 003 iprrselectingan; s
20 instantly.,driven wiith the accunul ated electric power in the small
capaci t anceoRiest i be sthagged ds 198erted befween: thewlisge capaciancenaceuamlator

vol tage Vb qf the rg apacit e acgcumnul ator. _deyvi ce, 906 exceeds the
preset val ug§V¥Q¢e9éa/iaP§h e-9l0P.candl arsevibh Hoae?éx seleating 3 RoWeR $QUISRd
the | arge capagcit.ance gccunul ator .device 25 906 is sel ected.both, as

obj ect to b SlRaReeisd bbb eendin Wige Capciancs actumbier degiss 906 3aidheos
5 Also in t&hﬁ g%ecrronic ti.nepi ece, there is a disadvantage that since
reverse flo ¥ %R?Eﬁﬁmﬁpﬁ& "901 and 902 are provided in the respective
char gi ng, paths of L IRk, § ARAGIFARSRCACHHIARS 90798 ro%idOP ift e HB8ve

| ar ge
timepiece to detect the value of the accumulated voltage Vb of the large

capabitance accumulator device 906 and to electrically control the on-off
states of the switches 903 and 904 in accordance with the detection result.
More specifically, when the accumulated voltage Vb of the large capacitance
15  accumulator device 906 is below a preset value, the control of bringing the
switch 903 into the on-off states at a predetei‘nlined ratio is repeated, thereby
the small capacitance accumulator device 905 is quickly charged and the
large capacitance accumulator device 906 is gradUally charged. At this time,
the switch 904 is kept in the off-state, thereby the time keeping means 105 is
20 instantly driven with the accumulated electric_power in the small capacitance
accumulator device 905,
| In a state where the accumulated voltage Vb of the large capacitance
accumulator device 906 exceeds the preset value, the switches 903 and 904
are both kept in the on-states and the large capacitance accumulator device
25 906 is selected both as an object to be charged and as the power source of the

- time keeping rﬁ_eans 105.



capaci tance accunul ator device 906 to prevent |eakage currents via the
solar 5 cell 101 in-a weak anmbient light, voltage drops occur due to the
reverse flow preventing diodes 901 and 902 when charging with the generated
el ectric power by the solar cell 101, which causes the charging efficiency
for the respective accunul at or devices 905 and 906 to be |lower. 10

DI SCLOSURE OF THE | NVENTI ON The present invention is made to solve the
above di sadvantages, and its object is to enhance the charging efficiency
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controllable swtch being provided in a circuit for charging the

accunul ag or cgAVICFeiPy wosk agbient Hcht ! volesge Qvepd BEALANE t6 the $éverss fldbwce
of a conventional reverse flow preventing di ode. Mreover, provided is a

vol tage conpaevertingreliode @01c and@ﬂ)ﬁgwhegecttmrgingi with ttheegénerated eidatric
cell and an accunulated voltage in the 25 accunulator device while the
above- descr posersby tthe sclar raedl 10t ewhich kapsesi theachafdingt effeciency for the
predeterm ned intervals, for storing the conparison result until 6 the
next vol t agtespachiziei acoumulatondevaas P05 ansPO6 o bedowwert ch in the of f -
state when the generated voltage i's smaller than the accunul ated vol t age
and for bringing the switch into the on-state when the generated voltage is
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The present invention is made to solve the above disadvantages, and

its object is to enhance the charging efficiency in an electronic timepiece with

sdla: cell by eliminating a lovs}ering of the charging efficiency by a reverse

flow preventing diode while an accumulator device is charged by the solar
15 cell.

The present invention, in an electronic timepiece having a solar cell
and an accumulator device as described above, in which electric power
generated by the solar cell is accumulated in the accumulator device and a
time keeping means is driven with the accumulated electric power, comprises

20 an electrically on-off controllable switch being provided in a circuit for
charging the accumulator device ‘by the solar cell to achieve the above object,
in place of a conventional reverse flow preventing diode.

Moreover, provided is a voltage comparison means for comparing a
generated voltage by the solar cell and an accumulated voltage in the

25 accumulator device while the above-described switch is intermittently kept in

an off-state at predetermined intervals, for storing the comparison result until



5 ' Thereby, a reverse flow of an electric current fromthe

accunul ator device to the solar cell can be prevented and a voltage drop
does not occur on charging fromthe solar cell to the accunul ator device,
so that the charging efficiency can be enhanced. Incidentally, if a voltage
conpari son command signal is outputted 106 fromthe aforesaid time keeping
means to the voltage conparison neans at predeterm ned intervals, the
vol t age conpari son neans can intermttently bring the switch into the
off-state i R Hadal § | t igiNe! qf&é?ﬁ' CRPHRER ety to
performt heﬂ%/%ptggggwg%a??@grﬁlﬁgggr at |.o%’. E"ﬁg?fggver , ftlgcetﬁ%r esent qfl?\ﬂ\l/%ntalffon,
in a quick sfagé whetPthebemératdd Goliagk iSRMARS thaithe aecGRhBatedVdltage hhd St
accurul ator device with a snall capacitance, and a second accumnul ator

devi ce wit hfer bﬁngm% tre switthcintoithe Wii-state itesn the g@ﬂ&ht@?ﬂ@ltﬁ%é ds Dargeipe
solar cell is accunulated in the first accunul ator device and the second
accunul at or thiavtheeacouinalatedwoltagpi ng neans is driven with the accumul at ed
el ectric power, conprises first and 20 second sw tches each electrically
on-of f cpntrol | abThebebyyca aeverserflewpof an electric cuirtentffoonr tize gcogmuisator
first and second accunul ator _devices by the solar cell respectively to
achi eve t hedawipectoothiessilar nell eandre preventediand acroltage dyopdoes hot occur on
controll able swi,tch_ is interposed. in supply circuit, to the time keeping
means by t hehaiging framthe solarecal] to the lageyaitatos dadfecso shat the charging
Furt hernore fﬁ vol t%g{ell det&gtio means, a voltage conparison neans and a
control si gftHCIGRRY RN BHeRRaNGed described |ater are provided to control
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predetermined intervals, the voltage comparison means can intermittently

bring the switch into the o_ff—state in synchronization with the voltage
comparison command signal to perform the voltage comparison operation.
Moreover, the present invention, in a quick start type electronic

15 timepiece having a solar cell, a first accumulator device with a small
capacitance, and a second accumulator device with a large capacitance, in
which electric power generated by the solar cell is accumulated in the first
accumulator device and the second accumulator device and a time keeping
means is driven with the accumulated electric power, comprises first and

20 second switches each electrically on-off _controllable being also interposed in
circuits for charging the first and second accumulator devices by the solar
cell respectively to achieve the above object. Moreover, a third electrically
on-off controllable switch is interposed in a supply circuit to the time keeping
means by the accumulator device with a large capacitance.

25 Furthermore, a v_oltage detection méans, a voltage comparison means

and a control signal generation circuit described later are provided to control



5 signal for bringing the third switch into the on-state when the

accunul ated vol t ages exceed the preset values and a signal for bringing the
third switch into the off-state when the accunul ated vol t ages do not exceed
the preset values. The voltage conparison neans intermttently conpares a
generated 10 voltage by the solar cell and a supply voltage to the tine
keepi ng neans at predetermned intervals, and stores the conparison result
until the next voltage conparison timng. The control signal generation

circuit out Qﬂé%n%grﬁﬁt%s E(hr(g{l s%?@nﬂia'iﬁrt:hﬁ?d;%t Heé‘esul t by the voltage

det ecti on neans ‘an e conparisan resu e vol tage conparison

teans, for bringi nhdoydide dtbetion" RO HIERRY IdUeosh Acthintifies

whil e the voltage conparisbon neans Is performng t | tage comparison

operation, aiftagesitithe Acotiiuialordevic iﬁ@ﬁb&rﬁﬁﬁecﬂ ifigivalltosHSerifhinate

switches in the of f-states regardl ess of e discrimnation result by the
vol tage det egli¢ther weaitst theeivcubsulatikvoltaged @xcas paeset waltds; aid sutpirsla i s
smal l er than the supply voltage, and outputs signals for bringing both the
first and saeigmal fom brihgmg the third switch dnes thé onhstate wvlrer dhe dceonidgies
exceed preset values. And, also it outputs signals for bringing the first
and second saltagesseiaeed thieepreset valuesazmid of Siganhfeor bringingttheythind switch
predeterm ned time periods if the accunul ated voltages are 25 below the
preset val uastontie: afffstafenwhencthe, accumulasedt veltagasadocrot exeeddithe rpresein
the supply voltage,. 8 Thereby, in the quick-start type electronic

ti mepi ece wiiU&o| ar cell, the charging efficiency can be al so inproved.
Incidentally, if :ni/olt e detecti.on command sig s outputted from

nal ]
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10 voltage by the solar cell and a supply voltage to the time keeping means at

predetermined intervals, and stores the comparison result until the next
voltage comparison timing. |

The control signal geﬁe_ration circuit outputs signals, based on the

discrimination result .by the voltage detection means and the comparison

15 result by the voltage comparison means, for bringing both the first and

second switches inio the off-states while the voltage comparison means is

performing the voltage comparison operation, and outputs signals for keeping

both the first and. second switchés in the off-states regardless of the

discrimination result by the voltage detection means when the generated

20 voltage by the soiar cell is smaller than th'e. supply voltage, and outputs

signals for bringing both the first and second switches into the on-states if the

accumulated voltages exceed preset value.s. And, also it outputs signals for

bringing the first and second switches into the on-state and off-state

alternately at predetermined time periods if the accumulated voltages are

25 | below the preset values when the genei:ated voltage by the solar cell is larger

than the supply voltage,.



S5 intervals and a voltage conparison command signal is outputted fromthe
time keeping neans to the voltage conparison neans at predeterm ned
intervals, the voltage detection neans can intermttently performthe

vol t-age detection operation in synchronization with the voltage detection
command si gnal -and the vol tage conpari son8nmeans can intermttently perform
the 10 vol tage conparison operation in synchronization wth the voltage
conpari son comand signal. In these electronic tinepieces, a voltage drop

hardly occurs on qinal ?(i,}ngiﬂ‘ %%_gﬁmgl%égﬁﬂ%%g% i sHEY d’

therefore a solar ce cons avin oW generate

vol tage canechisinyefficich e BEIIRRNeAN OF DRAWNGS Fig. 1is a
bl ock circuit diagram showi ng the basic configuration of an enbodi nent of

an el ectroni c tinkmtideatAbrdf d valtige HBRdMIORSEMMmAKE Bignal is Buﬁgutzedffr&n
co

circuit diagram showi ng a concrete exanple of a voltage 20 arison :
means 103 i theritgme lkeéping feansateithe uvoltae aletectidio wnegns aet pedecoranipled of
the vol tage_conparison circuit in Fig. 2, Fig. 4 is a block circuit diagram
showi ng § heintenvalguand imwvoltage cpmprrisenacammans slgnal ris noutpuittedpirom the
anot her enbodi nent of an electronic 25 tinepiece according to the present

i nvention; Hme keeping meansi to dihggveltagroepmpazisosnmesns atapredetermined
cont rol 9 signal .generatiopn circuit in Fig, 4, Fig. 6 is_a plan view
showi ng a sHigEValzaths ¥oljage dsgection aneanseean intsamaitentdy pesform the voltage i n

seri es used,i he enbodi nent of the .electronjc.tinmepiece according to the
present i anﬁFeP n operaq;lon 1n synchromzatlo_n with the voltage detection cotnmand

signal and the voltage comparison means can intermittently perform the
10 voltage cdmparison operation in synchronization with the voltage comparison
command signal. |
In these electronic timepieces, a vbltage drop hardly occurs on
charging from the solar cell to ‘the accumulator devices, therefore a solar cell
consisted of a singlé cell having a low generated voltage can be also used.
15 | o o
BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 is a block circuit diagram shoWing the basic configuration of an
embodiment of an electronic timepiece according to the present iﬂvention;
| Fig. 2 is a circuit diagram showing a concrete example of a voltage
20 comparison means 103 in Fig, 1; '
Fig. 3is a circuit diagram showing another example of the voltage
comparison circuit in Fig. 2;
Flg 4 is a block circuit diagram showing the configuration of a quick-
start type _electronic_: timepiece of another embodiment of an electronic
25 timepiece according to the present invention;

Fig. 5 is a circuit diagram shoWing a concrete example of a control



5 ' Fig. 7 is a plan view showi ng a shape exanple of a solar cell
consisting of a single cell simlarly to the above; Fig. 8 is a bl ock
circuit diagram show ng the basic configuration of a conventional

electronic tinepiece with solar cell; and Fig. 9 is a block circuit diagram
showi ng the configuration of a 10 conventd onal quick-start type electronic
ti mepiece with solar cell. BEST MODES FOR CARRYI NG QUT THE | NVENTI ON Fi r st
enbodinment: Fig. 1 to Fig. 3 Hereinafter, the best nobdes for an electronic

ti [ ' to,: .t h [ ti i1l b | ai ned [
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IS a clrcult lagram ol a concrete exanple ol a vol age conpari son neans of

the el ect r0r&l&c&&ﬁf@?f(ﬁgptiibézé&or&in%f@gﬁ%séﬂffﬁfﬁnﬁo%d synbol s as those

in Fig. 8 are given e portio o ponding to those in Fig. 8. In

Fig. 1, kor a sol gigcef lis1@1pldifadews showihg aYsitapées\exatnplet 6f M HblZ6 cell

efficiency for a wistwatch, for exanple, a silicon thinfilmPN junction

devi ce or a coadisting ef bfsinglepcelbsingidady adbithg abovere forned on such as a
10 gl ass substrate, a ceram c substrate or a steel plate. Alternatively, a
photo- thernal povég. Geisea hlockjcitenitctiagramishowiagttherbdsi¢ corfiguration of a
device is fornmed on a_sem conductor multi-junction thernocouple power
gener ati ng donveational sleateenic tgnepiece withisolar ¢edsgindy nmeans 105 is an
el ectronic tinmepiece nodul e,, as . . .

Fig. 9 1s a block circuit diagram showing the configuration of a

10 conventional quick-start type electronic timepiece with solar cell.

BEST MODES FOR CARRYING OUT THE INVENTION
First embodiment: Fig. 1 to F1g 3. -
Hereinafter, the best modes for an electronic timepiece according to
15 the present invention will be explained using the accompanying drawings.
First, the first embodiment thereof will be described with reference to Fig. 1
through Fig. 3. | _
Fig. 1 is a block circuit diagram showing the basic configuration of
the first embodiment of an electronic timepiece acdording to the present
20 invention, and Fig. 2 is a circuit diagram of a concrete example of a_voltage
comparison means of the electronic thereof. In Fig. 1, the same numerals
and symbols as those in Fig. 8 are given for the portions corresponding to
those in Fig. 8.
In Fig. 1, for a solar cell 101, used is a thin type device with high
25 efficiency for a WriStwatch, for example, a silicon thin film PN junction

device or a cadmium sulfide power generating device formed on such as a



‘simlarly to that in a conventional enbodi nent shown in Fig. 8, conprising
a-time keep counter circuit having a quartz oscillator circuit, an electric
counter circuit (frequency dividing circuit) and the like, a digital

di splay or hands and a drive nechanismthereof (a step notor and train
gears and the like) for 10 displaying a #®ne and the like, and so on, and
kept time information can be inputted therein by neans of an external
operation nenber. The solar cell 101, an accunul ator device 104 and the

tine keepi . : _
B e T e
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to the tinme keeping neans 105, Thereby the tine keeping neans 105 operates

to display foimed enda tsegnicotiductde mmtiqaﬁuﬁuham@hn@ebhgpa PoAvernBehératinga

power accumrul ati on neans, a secondary cell is used in this enbodinent,

whi ch can balevegd eamdewged. t he use of a condenser (a capacitor) with a

| ar ge capacitance. 20 Moreover, in this electronic tinepiece, an
electrically on-ofA time: keepiig eneans: dB51ix ans electroniedtimepiecs modulef cas
chargi ng the accumul ator device 104 by the solar cell 101, and a voltage
conpari son siakariyhta thatdnfagonventiena @mbedimert showminHiga 8¢ comprising a
device 104 is provided to contrql gn-off states_of the switch 102 with a
switch cont fBpe&kegpgounieneirgnithaving aguarts oseidlajen eixguitcamplactais cowniers
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The solar cell 101, .an accumulator device 104 and the time keeping

means 105 are connected one another in parallel. The electric power
generated by the solar cell 101 is accumulated (charged) in the accumulator
15 device 104, and the accumulated electric power is supplied to the time
keeping means 105, thereby the time keeping means 105 operates to display a
.time and the like. As the accumulator device 104, which is a power
accumulation means, a secondary cell is used in this embodiment, which can
be replaced with the use of a condenser (a capacitor) with a large capacitance.
2() MoreoVer, | in this electronic timepiece, an electrically on-off
controllable switch 102 is inserted in a circuit for charging the accumulator
device 104 by the solar cell 101, and ai voltage comparison means which is
fed with electric power from the accumulator device 104 is provided to
control on-off states of the switch 102 with a switch control signal Sc of an
25 output of the voltage compariéon means.

A voltage comparison means 103 receives a voltage comparison



result in a menory circuit until the next conparison tinming. Incidentally,
when the switch 102 is in the on-state, the generated voltage Vs is pulled
by the accunul ated voltage Vb such that both are nearly 10 at the same
potential (Vs = Vb), which nekes it inpossible to conpare both voltages

wi th each other. Therefore the switch 102 Heeds to be brought into the
off-state to conpare the voltages. In this enbodi nent, the anode side of
the solar cell 101 is grounded, therefore the generated voltage Vs and the

| at ed (91{11‘[1?&% e ' e nitude
ggcgglsjol ute (\Y/a ues t?\ggggéo]fe Qgteﬁgélr?rptgrgegﬁ% ;kf%eﬁg[g}qggﬁlsr tibﬁf %‘Erprlgﬁ eIy d
| t ST a S i . t . r | .
Conpi ot od, | RACoaas "8Ad SRS Bifes Mhet SRS ﬁfﬂ%z_ﬁf@;’lfpfg %ﬁﬁn&%l
based th b3tz ] i é\ﬁ}ﬁﬁl:ﬁ@e alilwy,
Vgsle [gpr] Iesgibd?@d% he svmwlgﬁmll%gwllts er%%élﬁfanismno the o fgigdgge(bt% pre?/g%t

t he occur r encff-sthts, ¢hés reompariseinmidim am'wh%ia?é se¢hemtd@4olfag Vie
so?a(r) cell 101. Wen Iaj\%tafgi I ?/b I, the gvvitch' 102 iss -%rought i nt o]g?he

on-stat e 3 o byrthe colar reelbi ¥l aind hen caumiblated visivage (40401@%e betweed he
reverse flow prevention and the charige control by.opening and closing of
the switch lszmdnpalshoVie mttheoaceusmniator fdeview el04,handistores thd Tomparison
intermttent control can sufficiently achieve its purposes. There is an
advant age trmsurtﬁ@ dpmerpeirgpitidilbe nexé comparisaotimingns 103 i s

intermttentl erforpged as above, . thereb he .power. consuned in the

vol t age corrpa?/i goriﬂ%ag@aﬁas when Hhermﬁgdio% 1S 1 tl:]e %StptﬁﬁeﬁlecgﬂQWd on

[ ircuit rti of ‘ecjronic tinepjece.on e rket is quite

mai | of - abotitas Y. Rondiied biipe Hicomuiiated voltage W such iat both ate nearly
10 at the same potential (Vs = Vb), which makes it impossible to compare both

-

voltages with each other. Therefore the switch 102 needs to be brought into
the off-state to compare the voltages. |
| In this embodiment, the anode side of the solar cell 101 is grounded,
therefore the generated voltage Vs and the é.ccumulated voltage Vb are both
15 negative voltages, but the magnitudes of absolute values thereof are
| compared with each other.

After the above voltage comparison and storing opefation of the
comparison result have completed, the opening and closing control of the
switch 102 is performed based oﬁ the stored comparison result.

20 More specifically, when | Vs | < | Vb |, the switch 102 is brought

into the off-state to prevent the occurrence of leakage current from the

- accumulator device 104 into thé solar cell 101. When | Vs | > | Vb |, the

switch 102 is brought into the on-state to carry out charging of the
accumulator device 104.

25 ~ The reverse flow prevention and the charge control by opening and

closing of the 'swi_t'ch 102 are both not so urgent, thus even the above



permtted that the power consunption substantially increases due to the
-val tage conpari son nmeans 103 added for the present invention. However, the
frequency of the voltage conparison by the voltage 10 conpari son neans 103
for controlling the switch 102 is, &as described above, conparatively |ow
and noreover only quite a short tine is réuired for one voltage
conparison, therefore the power consuned in the voltage conpari son neans
103 is considerably small- and possible to limt to several nW For exanpl e,

1T Lore] RERE GONR] Ruflciehfly: Aehbf i SRRBREL T OTHERECR, &
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ef fect transvioq{ @@aﬁg&mgaﬂmmcgnwwgegrop does not occur as the
In ons

switch 102. ration of a great increase in generated power current

of the sglar cell ’miblpuwrco@nsﬁﬁmtlcﬁpfﬂ a@htcuit poitiornef anadlectrdfic tihepiece

switch wde in channel width and’low in on-resistance. In this case, it
happens t hatoratlgahearket is guite smalicofodbeut FBU namowats (hW)y d¢hemsford itniskeet i t
difficult to directly drive the switch 102 with a switch control signal Sc
out putt ed frpermitted that3thelpawer compuniption sehstantizdly lincreases adueado, the
several pre-drivers for driving the switch are preferably provided. In Fig.
1, the vol tagﬂtagﬂmpgnﬁommwaddedrferﬂwpmsem;mwmw| ustrated as

i ndependent bl ock of each _ot her SSI bl e that these can 5 be
integrated in an Heweven: the I}Fﬁ‘é}}le@@é( ﬁts ¢evwagm@qmn@m§m srevpltages

toformasn e L.Cin orde conf
! pans01|1 means f03I ?or cont'r g &1&: sw1tch Sl%)’} 18, as described above,

comparatively low and moreover only quite a short time is required for one
voltage comparison, therefore the power consumed in the voltage comparison
means 103 is considerably small and possible to limit to several nW.

For example, when the normal power consumption' of the voltage

15 comparison means 103 is 1 y W, the frequency of the voltage comparison
operation is once a second, and the period of time required for the voltage
comparison is 1 millisecond, the avefage power consumption is limited to 1
nanowatt which is a value at which the voltage companson means 103 can be
actually installed in a t1mep1ece

20 It is preferable to use an MOS field effect tranSistor (MOS FET) in
which a voltage drop does not occur as the.switch 102.

In consideration of a great ianease ih generated power current of the
solar cell 101 under direct sunlight, it is advisable to use a switch wide in
channel width and low in on-resistance. In this case, it happens that a gate

25 capacitance of an FET becomes large, which makes it difficult to directly
drive the switch 1.0'2 with a switch control signal Sc outputted from the



A concrete exanple of the circuit diagramconfiguration of the voltage
conparison nmeans 103 is shown in Fig. 2. A conparison circuit 206 shown in
Fig. 2 conprises n-channel MOS FETs QL and @, p-channel 10 MOS FETs B and
A, and resistors RL to R4 and utilizes current mrror operation of the
FETs, and is driven with an accunul ated vdi3t age Vb as a supply voltage.
Equalizing the ratio of the resistor RL to the resistor R2 in resistance
value with the ratio of the resistor R3 to the resistor R4 in resistance

alue (R1 : o 3 -enab Ny @& CURY! vQ) Vb and 15. a
\éengra§ ed vo@gﬁg&oﬁé@gﬁoﬁn@?@dlﬁ' vgﬁt%@g W@hg’g%%?ﬁ?irp%an%ﬁrgﬁﬁ
ignal [err i f ' : tive level (the high level "H
|S|ngt he E:i rthlﬁtivlmr}g Elleng%e}l %é?g?%r@%‘yf%cﬁﬁ{lg&appl ied to I(?-channel MOS FETs

@@ and Q6 through JreFes. BhiHé %R\ak%i@?ﬁ?@gm% méis’ f0Pmld tg@ﬁggﬁﬁm&’?ﬁﬁ

are brought into the on-states, ows an accumnula age

and a gener aflkistratéd agdnispénddist lopks iofcdch diher.COMPR! HEKbIE Ha¥ ithestPfan

Accordingly, the voltage conparison is carried out in the conparison
circuit 206 beliptegratedyin laat cleetronic timépiete rﬁbdul@@ﬁ%hé&ﬁﬁeﬂ@ééeﬂih ifeans
outputted as a |l ogical value signal [err] c corresponding to th r%lation

i n nmagni t udel®5 tabermua single IEinairdepticenfigund hageall systéni.nputted into a
data termnal D of a flip-flop circuit 204 via a buffer circuit 203. 14
The flip-flop circli coporeteseramphorgf dhecoircuithididgranwr eonfigeratiomafi the
result inputted into the data termnal, D.in synchronization with a trailing
edge of a vof@ COMRATLSNTh TaeARsa A3 sisgshowpein Fig. 2npudteamparison citaik

i gn Tovel 295 ShOBoEn Sie: A ittpiisel A-cladmel Mo KA (Heaad s, pahannel Ao
describgd abgi§s FE’T‘gth.’»hfné A ind Fes iR RA TR 1BLEES rent mirror
operation of the FETs, and is driven with an accumulated voltage Vb as a
supply voltage. Equalizing the ratio of the resistor R1 to the resistor R2 in
resistance value with the raﬁo of the resistor R3 to the resistor R4 in
resistance value (R1 : R2 = R3 : R4) enables an accumulated voltage Vb and
15 agenerated voltage Vs to be compared in vdltage.
| When a comparison command signal ¢k in a pulse form is at an
effective level (the high level “H” in the circuit in Fig. 2), a gate voltage is
applied to P-channel MOS FETs Q5 and Q6 through level shifters 201 and
202. The respective FETs Q5 and Q6 are brought into the on-states, which
20 allows an accumulated voltage Vb and a generated voltage Vs to be supplied
to the comparisbn circuit 206. Accordingly, the voltage comparison is
carried out in the éomparison circuit 206 only during that period of time.
The comparison résult is outputted as a logical value signal ¢ ¢
corresponding to the relation in magnitude of absolute values of both

25 yoltages, and inputted into a data terminal D of a flip-flop circuit 204 via a
buffer circuit 203.



state during the conparison operation, an output signal Sq of the voltage
conparison result stored in the flip-flop circuit 204 and a vol tage
conpari son command signal [err] k-are ANDed to be outputted as a swtch
control signal 10 Sc by an NOR gate 205. A reset signal [err] R (or a set
signal) is not absolutely necessary, but &4n directly control a control
signal Sc, therefore it is convenient in many cases that the reset signal
[err] Ris ready to be inputted into a reset terminal Rof the flip-flop
circuit 204. 15 16 £ i304 NiFlg %m.o en: %ﬁﬁeﬁf'

command -si gnal [errl;l}e kﬂilﬂs]ﬂtg%f gg{clrufi/g %q4tnlr§eah|né g@e{h&ﬁi the oEﬁ%&% the
signal Sq of otdigaﬁ oPré W ot ' i b e\iabhrdni ibh With
vol t age com?arl oné rrgsu%_utlp(l)lglhlitﬁé\?éhlltggfﬂll6 %éftean dmlrllhg yg&%@%&éﬁ a
conpar i son epMlmedediaH a [Wiltdge Koiparisef eémiind siatV g k ‘thputteeinsyid ch
control signa S(gdbe%orres t he r%egh ilnz)vel "H'. The 281@ SW t@ch 102 in Fig. 1
is assuned tddodletamirdl CKantd ahekenhl outpnt sipaak 8qt febnr antowepustendh I's
at the high level "H'. Wien | Vs | =1 Vb I, fgﬁe %tch 102 nay be brought
i nto t heson-thedtigh Bevel tHY orithe low leivel SLE1n acoordanceswithdhembove result.
Incidentally, in this conf igurat_i on, the voltage conparison comand 25
signal [err]) k i Asdesenibed aboxe| sincedheayeitcle 2 neads tohbe tkiepe ik dbpioff-
means 105 in Fig:; 1, thus it is_increased in voltage |evel by the |evel

shi fters 205taigddunng the sompasiion operatiandan muspihsigralp(i ebithei valtage
206, and drives the buffer circyit, 203 apd the flip-flgop ciycuit 204 again
at a | ow volQoxmaparison sesulf §M¢3pa|the ;ffipefSOP wgmétaz&;and@yogtﬁge FOmpagison

| evel s thereof can ,be varioysly c in accordance wth, systemt.o b
oul veu G ComARdTsighal ol ate ASI tq R SHBRHEE T Rt PR BRan
inFig. 2i ;53?83? agxﬁ%%atgagsgddi t ionally various configurations can be

suggest 8.

A reset signal ¢ R (or a set signal) is not absolutely necessary, but
can directly control a control signal Sc, therefore it is convenient in many
cases that the reset signal ¢ R is ready to be inputted into a reset terminal R
of the flip-flop circuit 204. |

15 In the circuit in Fig. 2, when the comparison command signal ¢k is
effective at the high level “H”, the output signal Sq of the flip-flop circuit
204 is at the low level “L” with the voltage comparison result of | Vs[> Vb |
and when the voltage comparison command signal ¢k is also at the low
level “L”, the switch control signal Sc becomes the high level “H”. The

20 switch 102 in Flg 1 is assumed to become the on-state only when the switch
control signal Sc is at the high level “H”. When | Vs | =1 Vb, the switch
102 may be brought into the on-state but it is in the off-state in this
embodiment. |

Incidentally,. in this configuration, the voltage comparison command

25 signal ¢k is asignal at a low voltage level from the time keeping means 105

in F1g 1, thus it is increased in voltage level.by the level shifters 201 and 202



‘exanpl e, a voltage conmparison circuit with a sinple configuration such as
shown in Fig. 3. can be enployed-in place of the voltage conparison circuit -
206 in Fig. 2. Instead of the FETs, a conparison circuit can be configured
10 with bipolar transistors. In the voltfge conparison circuit shown in
Fig. 3, when the above descri.bed vol tage npari son conmmand signal [err] k
Is inputted .and reversed to a signal | [err] k at an inverter 301, which
beconmes the low | evel "L", a p- channel MOS FET QL1 is brought into the
on-state. Tofr Bbing tifipuiedciiitd cthel Bomitflrisdc cifeuity 206 250 @Fives! ihel BagR Ve
voltage) is divided at voltage dividing resistors R11 and R12, and an

n- channel MoEctH203 andthe dlip-Rbp edrcuit 204 apaiical #lowivaltdgeon with the

di vi ded vol tage. Wien the divided voltage is equal to or nore than a '
threshol d val ue ofThese sigral@clafities {logisabvalues) ahd woltagaleveds therebfiganVb
of the accunul ator neans), the FET QL2 conducts 20 and pulls a pull-up
potential bpewvarimislychapgedin acherdameelwithla $ystemvioi bhreadizedpl i fi ed and
shaped via inverter circuits 302 and 303 consisted of conplenentary MOS-1Cs
to outpus a si gnalThercanfigumssioneatthe voltage eompgrisen meansshowndn l%/xgr 2]isc
of the conmparison result. Acgqardingly,.the threshold value of the FET_Ql2
(Wi th respe®REt&X ezend ROD Mamqswﬁ@raﬁ@n@cmab%auggwede For
vol tage dividing,resistors Rl1 and R12,. and only when the absolute val ue of:
t he generat && %l?aﬁe" agsy cppg)ansomcggpgrw(;@q \F; fpiG G gFAlEN, ﬁ‘l“'g'é as

(207, bl PRl A U4 B VB9 Sl b
(ne o v i 20 BLGH o bl PP A LA BRI LAPHERotBa,

and the like s case of the voltage conpari son means shown in
Fig. 2, 1&5nd%‘{1ﬁ%ﬁ @D%?%%%ﬁfs'and t he vol tage cor.rpari son

In the voltage comparison circuit shown in Fig. 3, when the above

- o

described voltage comparison command signal ¢k is inputted and reversed
to a signal 1ok at an invertef 301,which becomes the low level “L”, a p-
channel MOS FET Q11 is brought into the on-state. Thereby, the generated
15 voltage Vs by the solar cell (negative voltage) is divided at voltage dividing
resistors R11 and R12, and an n-channel MOS FET Q12 is controlled in a
conduction direction with the divided voltage. When the divided voltage is
equal to or more than a threshold value of the FET Q12 (with respect to the
‘accumulated voltage Vb of the accumulator means), the FET Q12 conducts
20 and pulls a pull-up potential by a resistor R13 tb the low level “L”, which is
amplified and shaped via inverter‘ circuits 302 and 303 consisted of
complementary MOS-ICs to output a signal at the low'_level “L” as a logical
value signal ¢ ¢ of the comparison result. _
Accordingly, the threshold value of the FET Q12 (with respect to the
25 accumulated voltage Vb) is compared via the voltage dividing' resistors R11
and R12, and only when the absolute value of the generated voltage Vs by the



command signal [err] k are ANDed by an NOR circuit to output a swtch
control signal Sc at the high level "H'" until the next voltage conparison

command signal {err] k is inputted. 10 I nci dental ly, to prevent
overcharging to an accunul ator device in a _conventional electronic
tinmepiece with solar cell, a circuit, whidfA detects an accunul ated vol t age

of an accunul ator device and controls to force a charging current to bypass
t he accunul at or devi ce when the voltage exceeds a preset value so as to

prevent overgiay %elp. is %u?{éllbi%lt%iieltiﬁ%égggrs% r thil V" abddhute &yA1ag € off g&é‘e-

. . e
el ectronic tinepiece accor nt I nvention shown in Fig.

the switch Hagueailafdd YoRag¥Vbywith e Bidrizd 1oy RrftNthedowd levdld”, a logical

specifically, a detection reans for detecting an accumul ated vol tage Ta
vol tage bet wetlne tsigmalnap 8)atothet Josw deeeintlatiooutpwited. 10¢is praferabléatiat the
addition to the voltage conparison neans 103, and 20 when a voltage
exceedi ng a lpgecadt valaleusignal dé¢teds edoted ime dedrnoty wirowitisachaas al Hip-flap
swtch is kept in the off-state, thereby preventing overcharging to the
accunul atsor aigsuitandothe like: simidatiydionthe casewf the rolfage compatisemyeneans
conpari son conmmand, sizﬁnal [errcle k is provided fromthe tine keepi ng neans
105, and it shovensin dhgpodsiand theamemory oeuiput aand the twadtagek ¢omgparison

provi ded in the conparisqn ans re a perjodjcal signal in .
corres pondemafﬁptswajoldl gere %ﬁ\& afRs HORoRIFERY o iHput & swikch s
of an el eot rOMEk SRR o & fbir Hiaty 19Wels 1 n] Bhe rextrvaltage compatisgn
of an electr ' ceor t'n

expl ained with referan t {4 and Fig. 5. Fig. 4 is a block circuit

di agr am shoiHg™ aﬁ@ §8ﬁ§4 g%r{ismuﬁ a quick-start type el ectronic

| t.i m;pi eqg to wWhi ChnthifeRAATERS PrBVERY WBI‘&IEIE{HE’ ¢ $% a88mbifior device in a

conventional electronic timepiece with solar cell, a circuit, which detects an

accumulated voltage of an accumulator device and controls to force a
charging current to bypass the'. accumulator device when the voltage exceeds
a preset value so as to prevent overcharging, is often used.

15 However, in the case of the electronic timepiece according to the
present invention shown in Fig; 1, the switch 102 can also serve for
preventing _overcharging. More speciﬁcally,' a detection means for detecting
an accumulated voltage (a voltage between terminals) of the accumulator
device 104 is provided in addition to the voltage comparison means 103, and

20 when a voltage exceeding a preset value is detected by the detection means,
an electric switch is kept in the off-state, thereby preventing overcharging to
the accumulator device 104. -

In the embodiment shown in Fig. 1, a voltage comparison command
signal ¢k is provided from the time keeping means 105, and it is also

25 possible that a CR oscillator or the like is provided in the comparison means

103, where a periodical signal in corféspon_dence with the voltage



sanme nuneral s and synbols as those in Fig. 9 are given for the sane
conponents as those in Fig. 9. 10 This electronic tinmepiece, in

whi ch two reverse flow preventing di odes 901 and 902 provided in the
respective circuits for charging a small ﬁ?pacitance accunul ator devi ce 905
and a | arge capacitance accunul ator device’ 906 in a conventional tinepiece
shown in Fig. 9 are respectively replaced with electrically on-off

controll able switches 401 and 402 for 15 <controlling charging, is
configured bgn&%ﬁgdﬂ cémenAiY Sighat ?;tl@fs ndrifed.espective switches with
switch control "signals Scl and~Sc2 Troma control signal generation circuit
404. Moreover, a voltage detection neans 406 and a vol tage conpari son neans
405 are provided to send output signals to the control signal generation
circuit 404Sezond embodimentr#FigedpnddFigedns 407 in this enbodinment is
simlar to the tinme keeping neans 105 in Fig. 1 and outputs a voltage

det ecti on command Ngxnthe second embodineat \ocﬁlamglecummmpimascaﬂ%ngtto
predeterm ned interval s and outputs a vol tage conpari son command si gnal
[err] k25t oth&@remnta@ye@s@pamﬁdw esplained svith reference for Big. o4 gnd| Fig. 5.
generation }rcaii 42§ gﬁ 25 .predetermned infervals. Furthernore, an

el ectri cal | yign4oisa iack snrcat diagiam shawng dhe configurahien; ohg quigkvdart

ceuml at o CH% PRCTRINC e Riece RV R AP EROLIHPRLIOT & aTBpbaiseh d80dbEi on
means 406 intermttent det ect n accymul at eqd..volyage Vb of the,large
Capac t ance S AN i GGl &5 Ul jbod M8 otyam, fof e sdle
synchroni zat, ' tection conmand signal [err] k1l fromthe
time keepi ntgb%%ﬁsérﬁﬁgs\tg%%%ﬁﬁges whet her or not the accumul at ed

vol tage;yb exceedyygs PERERONIA! tifePibbes B SFhiche thS tebedB! flow preventing

diodes 901 and 902 provided in the respecti_vé circuits for charging a small

capacitance accumulator device 905 and a large capacitance accumulator
device 906 in a conventionai timepiece shown in Fig. 9 are respectively
replaced with electﬁcally on-off controllable switches 401 and 402 for
15 controlling charging, is configured to control the on-off states of the
-respective switches with switch control signals Scl and Sc2 from a control
signal generation circuit 404. Moreover, a voltage detection means 406 and
a voltage comparison means 405 are provided to send output signals to the
control éignal generation circuit 404. |
20 A time keeping means 407 in this embbdiment is similar to the time
keeping means 105 in Fig. 1 and outputs a voltagé detection command signal
okl to the vbltage detection means 406 at predetermined intervals and
oﬁ.tputs a voltage comparison command signai ¢ k2 to the voltage
comparison means 405 and the control signal generation circuit 404 at
25 predetermined intervals_. B |

Furthermore, an electrically on-off controllable switch 403 for



the next detection timng, and outputs a signal [err] v of the
discrimnation result to the control signal generation circuit 404 and the
switch 403. 10 The vol tage conparison means 405 intermttently
conpares a generated voltage Vs by the solar cell 101 and a supply vol tage
Vss to the tine keeping neans 407 by the ¥l | capaci tance accunul at or
device 905 or the | arge capacitance accunul ator device 906 in
synchroni zation with a voltage conpari son command signal [err] k2 fromthe
time keepi ngelgxtiip 40gowdP solt®s &5 aldie iGRTRA e AsuFly Eirbiit! frohd the dxége
vol tage conparison ti'mng, and outputs a storage sighal [err] (¢
(cor r espondicapatitafdeaceumulater deaice306 t@ the titnd kedpinaneans 407t 204 'in
Fig. 2) of the conparison result to the control signal generation circuit
404. For the vol t d3re cwoitages odeteetion 4fifeank or 4@ ariptermittenthyc udeterts t fam
vol t age conpari son neans shown in Fig. 2 except for the 20 NOR gate 205
may be used azcumagptededoliage ¥bsofpthy large agapacttance adcameulatomdevice (the
accunul ated voltage Vb, In this case, the storage signal d&ﬁerr_ g of the
conpari sbn rsesondayocel3 Sy dnt syncheonizapon wigha ve&age teelon | commang
circuit 204 in Fig.. 2..The control signal generatign circuit 404 outputs
- switch cont S&gnals ¢kigﬁa%ﬂ§chmhe@mgamasc40’}a ﬁsgnmm@f&sw pther qryaot

Gi gnal [ orr 16 Aspuitlaicpalinge Vb eReeeda Bresetvatie ARd bl ek
oo ng. meadte daent ge@dions FRig, il STPERCE S88aL1G V05, D CBRREpIAAR
pi ng nea . ’ : : :
Vo tage conf&FHE bR a8 i USRI RO B SORAAORC, ™
Vol t age 0 byt he B t SOMRRE, ELRTBORE bt “UR. iBferfluphR bdthphres
generated voltage Vs by the solar cell 101 and a supply voltage Vss to the

time keeping means 407 by the small capacitance accumulator device 905 or

the large capacitance accumﬁlatof -device 906 in synchrbnization with a
voltage comparison command signal ¢ k2 from the time keeping means 407,
15 stores the comparison result until the next voltage comparison timing, and
outputs a storage signal ¢q (Corresponding to the output signal Sq from the
flip-flop circuit 204 in Fig.. 2) of the comparison result to the control signal
generation circuit. 404. For the voltage comparison means 405, for example,
a circuit of the voltage comparison means shown in Fig. 2 except for the
20 NOR gate 205 may be used and applied with a supply voltage Vss in place of
an accumulated voltage Vb. In this case, the storage signal ¢ q of the
comparison result corresponds to the output signal Sq from the flip-flop

 circuit 204 in Fig, 2. | | |

The control signal generation circuit 404 outputs switch control
25 signals Scl and Sc2 based on a signal ¢ v of the discrimination result from

the voltage detection means 406, a storage signal ¢q of the comparison



‘Vss I, according to the discrimnation result of the accunul ated voltage Vb
by the voltage detection neans 406, the switches 401 and 402 are both
brought 10 into the on-states if the accunul ated voltage Vb exceeds a
preset value, and the switches 401 and 402 are controlled to repeat on-off
states by turns at predeterm ned ratios of9 period of time if the

accunul at ed .vol tage Vb bel ow the preset val ue. However, the voltage

conpari son and the storage of the conparison 15 result by the voltage

compar i Son fEIe FAGR BiE veRbe! ERSipaRseHNRIRAAY 4T, 10 W VBlme¥oksm@arison

conpari son command signal [err] k2"fromthe tinme Keeping neans 407, where

the swi t chegodftdand digRal ap k2i froih the® timé kekping nicdis 407 todmarolsthe two
operation. The control signal generation circuit 404 is a circuit which

gener at es 2fwitehies el lcamd 402, si gnal s Scl and Sc2 for the switches 401 and
402 based on a signal [err] v of the discrimnation result of the
accunul at ed vol t ape other awetds, awheni gV | [£ 1] Vss df ag reresmiparfi then vodtaget

of the generated voltage Vs and the supply voltage Vss by the voltage

conpari spn cemparsoR, by thie aoltigeagpmparipoi ingeansc the swigobes B01rgndk402r om
the tine keeping neans 407, and can 25 be configured as _shown in Fig, 5.
The control 2t $eth keptcinathe ottstates regardless af the discimination dgsultyplan

xcoods. o predumuiAFdvoltzas Virhy B Holtase deleesion BRANS 40D v WpeR WS 1 >4 |
and Sc2 ar e Yoatnedordtes fp B Risseiearigh st Bl Anedilabed x3hoa83’s Rl
Lhe on- oLt i volase eediod 4R UbG BRGS0 RUE 2 B RuEOgER,
223 of\f { : ;%%t? f'(lféu@}-)%taésiif the YR PoREES VB EREEeREh iBReOPatk? R
~ the switches 401 and 402 are controlled to repeat on-off states by turns at
predetermined ratios of period of time if the accumulated voltage Vb below
the preset value. ’
However, the voltage comparisoh and the storage of the comparison
15 result by the voltage comparison means 405 are performed in synchronization
with a voltage comparison command signal ¢k2 from the time keeping
means 407, where the switches 401 and 402 ére in the off-states during the
c.omparis'on operation. |
The control signal generation circuit 404 is a circuit which generates
20 switch control signals Scl énd Sc2 for the switches 401 and 402 based on a
signal ¢ v of the discrimination result of the accumulated voltage Vb, a
storage signal ¢ q of the comparison result of the generated voltage Vs and
the supply voltage Vss by the voltagé comparison means 405, and a voltage
comparison command signal ¢ k2 from the time keeping means 407, and can
25 be configured as shown in Fig. 5.

The control signal generation circuit shown in Fig. 5 is a circuit where



of the switches 401 and 402. The signal [err] D, power lines of the control
signal generation circuit 10 404 and the like are omtted in Fig. 5to
avoid conplication in the drawing. The switch 403 for selecting a power
source of the time keeping nmeans, simlarly to the conventional enbodi nent
shown in Fig. 9, is controlled with a sigﬁél [err] v of the discrimnation
result of the accunul ated voltage Vb of the |arge capacitance accunrul at or
devi ce 906, and the switch 15 403 is kept in the on-state if Vb exceeds a
preset val ughe by v HeBmbsSthel RighSlevePwheh fHea&himilaté® voTﬁgle%tﬁbeé% a

does not need to be brought info the off-state during the voltage detection
by the vol t agesstevaluie, ahe "gaq hetdned idve tash lehel wHemyeve¢t €Tt Vs ilswith

intermttently performed in synchronization with a voltage detection
conmand si grinsuffiient ambientnlight, tindethecepiitoh centrel 20gnale 7Scl kel By2 are

hol di ng the power required for the voltage detection small. The voltage
det ection chothrat the high l¢waltp)bring theiswitehes 103 gndc40 anfosthe amwstates!

signal [err] k2 can be set at respective independent timings, and the sanme -
signal s San be usddipfcireuit comaprisendwsr ipverterscdat vand iX02, atwo ttheee-input

permt. Inci tally, es ignals_[err] k1 and [err] 25 k2 are obtained
fromthe ti rhg&%ggtqsg‘i@ang ibl%,ar%ﬁvmtwammalﬁ g@lﬁé 30uto 8% sl Ignbor
circuits and the |ike ate proyided in the voltage detectio ans 21 406
and the vol tlﬁg‘ggcén’éa’il is%"ﬁﬂr?é‘ 3¢/8 ralieg betwies i@'§%¢§aﬁ§adﬁﬁé§tﬁ§rﬂmﬁ) to
the signals r]..kl,and rr are respectively produced in the voltage
detection né)[afﬁbelf%%% Qégaghlz{@ge conpari son neans 405. Furthernore, it
is al so possible i valha | 6. S
conpari son neans Zlg? sjtgﬁ‘glc -n]:)r g’ﬁvg]&tg]ﬁé%é g)gntg?w&cﬂggﬁﬁl %%%%ﬁc%ﬂ%qc&t
swW t cheg,40 - sl | LRAI tepi ece
rodul o a7 ¢ n0% il EREHKE e Biftd f Pl ) SoluX dinbliEqfibf ih (08 dFawidE.

The switch 403 for selecting a power source of the time keeping

means, similarly to the con'_ventional embodiment shown in Fig. 9, is
controlled with a signal ¢ v of the discriinination result of the accumulated
voltage Vb of the large capacitance accumulator device 906, and the switch
15 403 is kept in the on-state if Vb exceeds a preset value, but otherwise it is
kept in the off-state. The switch 403 does not need to be brought into the
off-state during the voItage detection by the voltage defection means 406.
However, the voltage detection is intermittently performed in synchronization
with a voltage detection command signal ¢kl from the time keeping means
20 407,_thereby holding the power required for the voltage detection small.

The voltage detection command .signal ¢ k1 and the voltage
comparison command signal ¢ k2 can be set at respective independent
timings, and the same signals can be used if the conditions of power
consumption and the like permit. Incidentally, these signals ¢kl and ¢

25 k2 are obtained from the time keeping rheans 407, and it can be possible that

CR oscillator circuits and the like are provided in the voltage detection means



to configure a small system 10 Regarding a solar cell: Fig. 6 and Fig. 7
The generated voltage by a single cell in a solar cell device is generally
about 0.5 volts to 0.7 volts. Wen the above single cell is used for an
electronic tinepiece, a plurality of the cells (generally about four cells)
connected in series are used for securing?l sufficient generated voltage.
An 15 exanple of the shape of a four-cell series-type solar cell is shown
in Fig. 6. In this exanple, 1/4 round shaped cells la, Ib, 1c, and 1d each

of which is d o] r‘@gﬁ%c T e hyi d [ : r ,
are connect gggl ﬁalgdel‘ :ﬂég an gt ﬁéée%lg?l&ﬂ%r gg%%/eggghngg(tie?%&feiiﬂecd?g%%%s 2
and 3. The é@h@&géﬁﬂin e thesignAng kil did)- p&Xare fb%pébﬁ@glaﬁﬁf%)%dtiheth%

solar 20 cell 101 inthe eleCtronic tinmepiece shown in Fi Fig.

descri bed akohagetdutenicn nidieiseiG8 and ke Voltagwicoinsh A¥aRgApJ.n such a

type of a solar cell in which a plurality of "the above-described cells are
used in series. (Furtfermoregit isrelsofpossiblethai the vblteged ldetéctionm neeans 4 (6]

area because of being 25 _  hidden behind a sleeve or the like, the

gener at esl vithe yodtagegomparisam mednss4@5,athe controlpsignabigenesation tirchit 404er
cells are supplied with the 22 sufficient anopunt of |ight. (2) .
Partitions BBfwhen spdtahest 40t, 42, and 403 are adhintegratsdomtpr the electremics

t hensel ves, whi ch spoil s appearances when the partitions are prqyj ded on
the di spl ay tiB&RIeCE magu tha, time kesping dneans gé'@ﬁoioﬁ'@l asmgledE m o ely
face in a digita -anal o nmbi nation tinepiece, a nulti-function tinepiece,
or the |ikelOCONHIGULE SR SYSETt {0 deternmine a position to open the
hol e, since the generated voltage drops unl ess each cell has about the sane
ar ea. -

10 Regarding a solar cell: Fig. 6 and Fig. 7
The generated voltage by a single cell in a solar cell device is
generally about 0.5 volts to 0.7 volts. When the above single cell is used for
an electronic timepiece, a plui'ality of the cells (generally about four cells)
connected in series are used for securing a sufficient genefated voltage. An
15 example of the shape of a four-cell series-type solar cell is shown in Fig. 6.
In this example, 1/4 round shaped cells 1a, 1b, 1c, and 1d each of which is
made frpm a round céll being equally divided into four parts, are connected
in series and both ends thereof are connected to electrodes 2 and 3.
The solar cell such as shown in Fig. 6 can be also used for the solar
20 cell 101 in the electronic timepiece shown in Fig. 1 and Fig. 4 described
above. |
However, there are the following disadvantages in such a type of a
solar cell in which a plurality of the above-described cells are used in series.
(1) When even one of a plurality of cells is in a shaded area because of being
25 hidden behind a sleeve or the like, the generated voltage drops, which

makes charging impossible even if the other cells are supplied with the



Thes€é di sadvant ages can be all solved by the use of a solar cell 10
conprising a single cell 1 without parting lines such that shown in Fig. 7.
However, in this case, it is a probl emwhether the generated voltage by the
solar cell of the single cell can drive the time keeping neans. In recent
years, it has becone possible to fabricatéa transistor in which a
threshold voltage is decreased to about 0.4 volts and additionally the 15

| eakage current is reduced by the introduction of a new processing art for

a silicon | C agdffivieRt afidifft dfflight)i at ure processing thereof. Furthernore,
if a wafer having an SO (Silicoh On Insulator) structure in which thin

fil msem corf@)Paetitions ilssrween fezpeetivercelly are differend inubslorafronitthe eells
recently came into practical use is used, it is possible to fabricate a 20
transi stor w t themkelves, whiels spoils wppeamceé\mherdth@?arﬁttms:mpmﬁdeda@nan
oscillator circuit, a counter circurt and the |like of a tine keeping neans,
usi ng such a t thedisplay fage.n a | ow threshol d voltage, it is possible in
terns of the device that a solar cell such as the single cell shown in Fig.
7 charges af3xd¥henlibivrequived 60 opean hole onothe displasi facerinca ghgital-analogs  a
time keeping neans.. In a c¢conventional _electroni¢ tipepiece with solar cgell,
however, when conﬁz;natlgm tmepaqe, @ mudafunctignlamepiacss ordhedike, it is \quate

Sccur e as descHEHRIED. determine % PosTEn 15 SoF the choleoiace the) goriksnied
v 8 0% ot Gt B ARs S S BaP s i SRR g S LT
o drive 2 e kaspoalEaeaylls oA M EVAl B 0he 68 0 ey sl
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However, in this case, it is a problem whether the generated voltage by the
solar cell of the single cell can drive the time keeping means.
In recent years, it hasﬂ become possible to fabricate a transistor in
which a threshold voltage is decreased to about 0.4 volts and additionally the
15 leakage current is reduced by the introduction of a new processing art for a
silicon IC and by progress in miniature processing thereof.
Furthermore, 1f a wafer having an SOI (Silicon On Insulator) structure
in which thin film semiconductor silicon is formed on an insulating substrate
which recently came into practical use is used, it is possible to fabricate a
20 transistor with a lower threshold voltage.
_ Accordingly, by constructing an oscillator circuit, a counter circuit
.and the like of a time keeping means, using such a transistor with a low
threshold voltage, it is possible in terms of the device that a solar cell such as
the single cell shown in Fig. 7 charges an accumulator device, from which
25 the electric power drives a time keeping means.

In a conventional electronic timepiece with solar cell, however, when



‘preventing di ode, which nakes it possible to realize an electronic

ti mepi ece 10 having a solar cell of a single cell as a power source. The
Circuit configuration of the electronic tinmepiece in that case is the sane
as that of the enbodi ment shown in Fig. 1 or Fig. 4, except for the solar
cell 101 being consisted of the single cAd as shown in Fig. 7, and the
wor ki ngs of the charging control is the sane as that of the aforesaid 15
enbodi nents, thus the description will be omtted. In this case, a tine
keep count eg gilaguidll @hairgés @ leeghiidatRagsvice qﬁﬂﬁltﬁéegeﬁr_até@ dWesi gt or
having a | ow threshold vol'tage expl ai ned above, which nakes it possible to
drive the tvohageadropodieeto @ reverse aflown prdvemtiny alibderedcursrds desatibed.
20 In an el ectronic tinepiece with an analog display, with regard to
an el ect r oneboes) thelrefarecwhenray sokaracelb ef iz singlé ecetbwitinai gemdratede voltageot
be used as it is. However, if the electronechanical force conversion device
i n whi ch t habowtBey VYotto.ddVnigsused) theeadcuimulated yojtage dowers mdosel torere
for a low voltage, it becones possible to drive an entire tinme keeping

means even Yeltsywhich makesit cempletely impossible fy drives timeckeepingeeans.ng of
a single cell acc | at ed, i n t.he .accunul ator devi ge. éf e_n?}éae
conventional el ec Bl eafh Of the electroniy Bmepiccescof er%ﬁﬁ sesopd
d it EAN dvi sabl e that the. l.at ed | t in th .

Accumil at or CRbpdmERE 06 JBE RresgREIveTiofcdRI T, BbOLe. €5 elertramie s Wieh

| t , -1:he..al i cal, f | dgvi ' ' ith 5
he. baost ea bt difle TeliBER RGBT e Xst3itE NN Ll B GRS T & e ALY o
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using a,yol hagfisg'R solar cell of a single cell as a power source.

The circuit configuration of the electronic timepiece in that case is the
same as that of the embodiment shown in Fig. 1 or Fig. 4, except for the solar
cell 101 being consisted of ﬂae single cell as shown in Fig. 7, and the
woﬂdngs of the charging control is the same as that of the aforesaid

is embodiments, thus the description will be omitted. | |

In this case, a time keep counter circuit of a time keeping means is
consisted of the transistor having a low threshold voltage explained above,
which makes it possible to drive the time keep counter circuif as in the
conventional configuration.

20 In an electronic timepiece with an analog display, with regard to an
electro-mechanical force conversion device, the conventional one can not be
used as itis. However, if the electro-mechanical force conversion device in
which the number of windings and the like are adjusted to be adequate for a
low voltage, it becomes possible to drive an entire time keeping means even

25 with the low voltage generated by a solar cell consisting of a single cell

accumulated in the accumulator device.



converter simlarly to the above, and the portions are driven with the 10
generated voltage. | NDUSTRI AL APPLI CABILITY In an el ectronic tinmepiece
according to the present invention, an electronic switch with little
volt-age drop in the on-state is used to prevent a 15 reverse flow of an
electric current froman accunul ator devid® to a solar cell without
providing a reverse flow preventing diode in a circuit for charging the
accurul ator device by the solar cell, so that when the accunul ator device

(s charged with tygngRARE AR eHAbHAVEId Hechihial BBHde cbliferdibd BRvich is

brought into the on-state and a vo tage drop does not occur,

possi bl e Zoréguﬁ'ﬁértéq?é 6889 AL Fdis): ﬂ*]%lgﬁ?ﬂe%a’é fife §9é1ﬁhugr§bst ol Sin the

el ectric power accumul ation device wt 0ss. In a qui ype

el ectroni c hcopRAaRr H68%icehN Bowst&l fb iz Roka géfhr;bfbo'iiv'éﬂe@r{d/ m@fﬁﬁéeﬂle
Furthernore, an electronic tinepiece u5|ng as cell consisted of

single cel | wlrages anekthe etectes-naeshapicdlyforcoecomiersion desireviandtiven with
using a 25 sol ar cell of a plurality of cells in series-type can all be
solved. 5 2he Bobktdd toltdge.el ectronic tinepi ece having a solar cell and an
accumul ator device, in which electric power generated by said solar cell is
accunul ated in 5 Hutherawrealse iir theeelectronie timepisee eithiandigitad display, it
driven with the accumul ated electric power, said electronic {inepiece .
conpri si ng: iaprefesable &hau wmmsmmngaa)mgbml&%gméongirpm& adaquid a
circuit for char 2 Ekgccunulator deilce by said so] ar . cell; d a

s

vol t age comSay$ n0 ¥ %di?ﬂ&ilieﬂg Rlipgse 1% generaieds ysing 3Qvo %rup
sol ar cel | mnth cc l, at oltage in accutrul at or devi ce

S0 4" sur t ch SonveRbe SERTang | O be BPHYen okt e aperin nﬁaraéeeagk Wrt]h the
intervals, :

10’ _generated voltage.

INDUSTRIAL APPLICABILITY

~ In an electronic timepiece according to the present invention, an
electronic switch with ]ittle volfage drop in the on-state is used to prevent a
15 reverse flow of an electric current from an accumulator device to a solar cell
without providing a reverse flow preventing diode in a circuit for charging
the accumulator _d'evice' by the solar cell, so that when the accumulator device
is cﬂargeﬁ with the generated voltage by the solar cell, t_he switch is brought
into the on-state and a voltage drop does not 6ccur, which makes it possible
20 to charge the generated voltage by the solar cell to the electric power
accumulation device without loss. In a quick-start type electronic timepiece,

the charging efficiency can be similarly enhanced.
Furthermore, an electronic timepiece using a solar cell consisted of a
single cell can be realized, consequently, the various disadvantages in using a

25 solar cell of a plurality of cells in series-type can all be solved.



for storing the conparison result until the next voltage conparison, and
for keeping said switch in the off-state when the generated voltage is

smal l er than the accunulated voltage, or for bringing said switch into the
on- st ate-15--"when t he generated voltage 135 | arger than the accunul at ed

.vol tage. 2 ﬁmm\“ mepi ece acc i ng to claim1, wherein a

vol t age co“‘ﬁ “ m #¥lsi gnal is outputted fromsaid time keepi ng nmeans
to sai d vol -age cenphrison means at predetermined intervals. 3. The

el ectronic tinepiece according to clai@JAMISerein said solar 20 cell is
consisted of a single cell. 4. An electronic tinmepiece having a solar cell,
a first accunul ator device with a small capacitance, and a second

accunul ator device with a large capacitance, in which electric power
generated by sai dlscAareleetronic timepiect dhaxdngna ssalar tellsandcanmccatmator
device and said second accunulator 25 device and a tine keeping neans is
driven wit hdewiceadnowhicht electricpower genaeated hyt shidisedar eell ¢s aceupudated in
conprising: ,_ 26 first and second switches each electrically on-off

cont r ol | 5ibl Saiskiasgunmlatgro devicen and quitimef keepingr gneanss 4s adtivent withy the
second accumnul at or devi.ces, respectivyely by said solar cell; a third

el ectri cal | peewmated sleekiq B%Wéfeim&@xﬁmlﬁg UIRERICEE SOMPASIRES suppl y

circuit to said tine . keepi mea by said ,accu tor devic Lth a. | arge
capaci tance; a voWaﬂEcﬁgiaE& PBFP%&@?%IP& t IR}'OHH&é{VtL‘ﬁl Rgcircult
accumul at ed I_n. | | at or_ dewi ces_ at.;predeterm ned
interval s t ggﬁ%é%%%ﬁgﬁg}%g%ﬁ';f'h‘%’&ggagmf“teq?)ﬁga’gcﬁ%?ﬂe%n ol tages exceed
preset val ues, 10 r pd 4 ' re bringj Y 4 f1pided

Wi toh i nto the of- EPlkee coRbRilod Mo (o TopuRiridll o BLREraldy dibide by
val.ues gid QuiPsblak ¥31Pwith an accumulated voltage in said accumulator device while

said switch is intermittently kept in an off-state at predetermined intervals,
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for storing the comparison result until the next voltage comparison, and for

keeping said switch in the off-state when the generated voltage is smaller

than the accumulated voltage, or for bringing said switch into the on-state
15 whcp the generated voltage is larger than the accumulated voltage.

2. The electronic timepiece according to claim 1, wherein a voltage
comparison command signal is outputted from said time keeping means to
said voltage comparison means at predetermined intervals.

3. The electronic timepiece according to claim 1, wherein said solar

20 cellis consisted of a single cell.
| 4. An electronic timepiece having a solar cell, a first accumulator
device with a small capacitance, and a second ‘accumulator device with a
large capacitance, in which electric power generated by said solar cell is
accumulated in said first accumulator device and said second accumulator
25 device and a time keeping means is driven with the accumulated electric

power, said electronic timepiece comprising:



signal for--bringi-ng--said-t-hird switch into the of f-state when the
accunul at ed_vol tafgﬁs do not exceed the preset values; a voltage conparison

means for Hmﬂ w “[I um)npari ng a generated 15 voltage by said solar
cell and a A "o said tine kﬁgpi ng neans at predeterm ned
intervals, and for storing the conparisofi“result until the next voltage
conparison; . and a control signal generation circuit for outputting signals
for bringing both said first and second switches into the off-states while
said voltage 20 fiQRad Sedbnieswitches I%"choélﬁbftﬂ:élnﬁ onobffagsnte TGN beihg
operation, and for outputting signals for keeping-both said first and
second sw tipterposed incitdits foradleagimysaid figst aid sbeort accumulator Adeviessul t
by said voltage detection nmeans when the generated voltage by said sol ar
cel | is smakbpectively byhenidsplarycellyl t age, and for outputting signals for
bringing both said first and second 25 switches into the on-states if the
accumul at ed vol t agthird-electigailys on-offl centrallableos witchpbeingninterposeids if o
bringing said first and second switches into_on- 27 and off-states

al t er naSel puply céivadtetosaigdtime keepingjoeans byrsaid mecnmulawradesiee veith &
vol t ages ar.e bel ow the preset val ues when the generated voltage by said
sol ar cel | 1A%88 GaPAGItANEEH the supply vol tage, based on the discrimnation

Vo7t hge Lonpar Lonvabaeh-USEchD BRBE B wiarnEIEL Elisias FERlohuRled s
V\,herein avoIE%%e det ect.i,on co siana.l IS qut utté‘g_g{jro sa&dt'rre
keepi ng meaffitagsss Ay $aid, ALurRiiaior deVices s tI%FQE TEHREA o AHETVEIS, of |

q ol t age.c . . : _ . L .
moane 1o s SSeBfAt MRHATHR N0 A Wonntlghéd Yoliabes LRChE el (TaliRSP! "0

The el g6t ofid° £é¢ Bedh S aCsigBal Yot DridgihB’ shid "SrE sWikd thteOHR on-state

when the accumulated voltages exceed the preset values and outputting a

=

signal for bringing said third switch into the off-state when the accumulated
voltages do not exceed the preéet values; |
a voltage comparison means for intermittently comparing a generated
15 voltage by said solar cell and a supply voltage to said time keeping means at
predetermined intervals, and for storing the comparison result until the next
voltage comparison; and. N
a control signal generation circuitlfor outputting signals for bringing
both s.aid. first and secdﬁd switches into the off-states while said voltage
20 comparisdn means is performing the voltage comparison operation, and for
outputting signals for keeping both said first and second switches iﬁ the off-
states regardless of the discrimination result by said voltage detection means
‘when the generated voltage by said solar cell is smaller than the supply
voltage, and for outputting signals for bringing both said first and second
25  switches into the on-states if the accumulated voltages exceed preset values

and for outpufting signals for'bﬁnging said first and second switches into on-



<

10

27

and off-states alternately ét predetermined rates of period of time if the
accumulated voltages are below the preset values when the generated voltage
by said solar cell is larger than the supply voltage, based on the
discrimination result by said voltage detection means and the comparison
result by said voltage comparison means.

5. The electronic timepiece according to claim 4, wherein a voltage
detection command signal is outputted from said time keeping means to said
voltage detection means at predetermined intervals, and a voltage comparison
command signal is outputted from said time keeping means to said voltage
comparisdn means at predetermined_intervals.

6. The electronic timepiece according to claim 4, wherein said solar

cell is consisted of a single cell.



