2142489, "LOM/POMBF Consunption Electronic Crcuit". The present invention
rel ates t'o a | ow power consunption electronic circuit, and nore
paJt|cuIarIy to a | ow power consunption type el ectronic circuit which
operated by the voltage of a battery. 5 . An electronic

Ci rc\u"t such as an el ectronic watch to be driven by a b?mz4’8£equi red
to 'be of | ow power consunption with a view to increasin of the
battery. Generally speaking, a circuit such as an 10 el ectronic
circuit (which will be shortly referred to as an "CMOS circuit"), which is
“constructed of conplenentary type insuqated gate field effect transistors,
can have its current consunption.reduced by dropping the voltage supply to
be applied thereto. 15 Consequently, the power to be consuned
by an el ectronic C|rc ée can g ggg g OPg % the circuit
not with the voltage 3“ ?%wﬁTr QRFYIR gﬁ?i 53¥{ﬁe %5.¥£€y but with
a voltage at a relatiVETy TOW T €vVel_ Wil Cch 1S sSuUpplred rroma Iow 20

current consunption voltage regul ator. However, in the above case, between
the input and output termnals of the voltage regulator, there - 2-
appears a voltage at a level which is equal to the difference between the
battery voltage and the voltage supplied to the electronic circuit, and a

current flow which.is substrétppésentainvehibhabelabesntd & 1owrpésber

electronic circuit.
consumption electronic circuit, and more particularly

to a low power consumption type electronic circuit
which is operated by the voltage of a battery.

5 An electronic circuit such as an electronic
watch to_be driven by a battery is required to be of
low poﬁer consumption with a view to increasing the
life of the battery.

(N - Generally speaking, a circuit such as an

10 electronic circuit (which will be shortly referred to
as an "CMOS circuit®), which is constructed of
complementary type insulated gate field effect |
transistors, can have its current consumption reduced by
dropping the voltage supply to be applied thereto.

15 Consequently, the power to be consumed by an
electronic circuit as a whole can be reduced by
operating the circuit not with the voltage which is
directly supplied from the battery, but with a voltage
at a relatively low level which is supplied from a low

20 current consumption voltage regulator.
However, in the above case, between the input

and output terminals of the voltage regulator, there



A
aresult, arelatively high power consunption takes place in the voltage
gulator. On the other hand, the current to be supplied by the battery is
substantially reduced to a quantity 10 equal to the reduction. in the -ma\JL
current consuned by the eIectronic_&chuit. Consequently it is difficuNt/to
substantially increase the life of the battery. It is therefore an object
of the present invention to overcone partially or wholly the above 15

referred tg,qisadvanjodese ARCY didk | %ﬂ?\ pi@%f%maﬂ REERIHON there is

provi ded an el ectronic ciTtcuit including: (a) a first node arranged to be
suppl i ed vdifF drdHYEIbSLRREY MY tROEe AP voltage and (Hhe &c386rd node; (c)
a first switching el enent connected between said first node and a third
node and asuppigest tito rthpasliatiroiiy ¢ivaerk orind a Rarred) a first

capaci tor having one term nal connected with said third node and its other
term nal chihoeoctheicciniish subshantialde equwdl s adwtd cmsumsEdg el enent
connected 5 bet ween said fourth node and a reference potential point of
said 8ircuin thel ekeckrpnic cigrcuikned on when said first switching el ement
is not turned on; (f% a third switching elenent connected between said
fourth node and a 3% tth TRUE nd® % Hgete ko high Pager GanaymhRtian

synchroni siid eald {1 "Sle VoI Y SGERYL,
On the other hand, the current to be supplied
by the battery is substantially redﬁced to a quantity
10 equal to the reduction. in the current consumed by
the electronic circuit. Consequently it is difficult
to substantially increase the life of the baftery.
It is thefefore an object.of the preseht
invention to overcome partially or wholly the above _ v,
15 feferred to'disadvantages.
According to the present invention there
is provided an electronic circuit including:
(a) a first node arranged to be supplied
with a power supply voltage;
20 ' (b) a second node;
(c) a first switching eiement connected between
said .first.node and a ﬁhird node and arranged to.

be periodically turned on;



(b)'a fourth switching el enent connected between said third node and said -
fifth node and arranged to be turned on in synchronismw th said second ‘Eb'f
sy-¥#ching 15 el enent; (h) a voltage regulator for supplying a pre-

det ey ned voltage to said second node in accordance with the voltage which.
Is supplied to said fifth node; (i) a second2gapacitor connected between 20
sai d 'second node and the reference potential point-of said circuit; and (j)
a charging circuit for chargidy safirét redpaaipenr tlavimng coneltage rddri ng a
predeterm ned tinme period after the power supply-is connected which 25

is substantially eqeannectefiewdth psridothixd nideand viots afdherdigrminal

-3- The present invention will_ now be described in greater detail by way of
exanpl e Wi th ref er efieBnegtedeWhtl ohpEPNT HY BRI ngs, wherein:- Figure 1 is
a circuit diagram showi ng an -exaqgl of, an el ectyonic circuit;%;ﬁgures

2A and 2B are circuit diagraﬁg)i?lﬁ%? %:i?ﬁﬁY s Lo ?W?ﬂf;ﬁ??ﬂﬁﬁﬁ of the
el ectronic CI%CUI'[ ggg\/\@%lhn%!?:i?%gml,&%ﬁr:l éear?’dlg laia_léeefér? ipﬂﬁ%ﬁ/@{aolrrm 10

illustrating The opéerati he " CT T Shown 1 n gure ure 4 is a

oL L0 109,21 gl SepARD SIEUAIG BACHEng0s & L ELAEE o
' when said first switching element is not turned on;

(£) a third switching element connected between

said fourth node and.a fifth node and arranged to
10 be turned on in synchronism with said first switching
element;

(g) a fourth switching element connected
between said third node and said fifth nQde and érranged
to be turned on in synchronism with said second switching

15 element: .

(h) a voltage regulator for supplying a pre-
determined voltage to said second node in accordance
with the voltage which is supplied to said fifth node;

(i) a second capacitor connected between

20 said second node and the reference potential point
of said circuit; and

(j).a charging circuit for éharging said
first capacitor to a #oltage during a predetermined
time period after the power supply is connected which

25 is substantially equal to the output voltage of said

| voltage regulator. .



uit diagramshowing a |l evel shifting circuit; Figure 7 is a circuit -
gram showi ng 20 an inverter circuit; Figures 8 and 9 are graphs N

~illustrating the characteristic curves of the circuit shown in Figure X

Figure 10 is a circuit diagramshow ng 25 a second exanple of an electronic
circuit; Figure 11 is a cirgu%t_diagranlshomﬁng a third exanple of an
electronic circuit; Figures 12A and 12B are circuit diagrans show ng the
operating principle of the circuit 30 shown in Figure 11; Figure 13 is a
series of wavef or nEhe| present i imvenbiopewill onowfbehdestrioed of Figure 11;
Figure 1fn'éréaﬁéfcaéiaﬁl?ﬂfa#&§h8ﬂﬂQﬂaﬁpﬁé withstegabggigent of an

electronic Tircuit according_ to the present invention; 4 Figure 15 is a
seri es ofOvBRRfRFARMPANYERY ARF MG RHRs OPREEEIBA™Of the circuit of Figure 14;
Figure 16 is a cirpidgtréi noiana séorecugt adsegoasd shdbwingeat of an el ectronic
circuit; 5 n lgigy%e.%7 ig a.ggaph illustrating the

char cté?*%??%ecﬁ?v% of " Th ?+_u$% EHdWH i n Figure 16; Figure 18 is a

detail ed | ogical cFigurés 2A and 2B are circuit diagrams

Eg illustrating the operation of the circuit of Figure 4; Figure 6 is a .

illustrating the operating principle of the
electronic circuit shown in Figure 1;
" Figure 3 is a series of waveforms
10 illustrating the operation of the circuit shown
. in Figure 1l:; .

Figure 4 is a detailed logical circuit

diagram showing blocks 5 and 11 of Figure 1;
Figure 5 is a series of waveforms

15 illustrating the operation of the circuit of
Figuré 4; '

Figure 6 is a circuit diagram showing
a ievel shifting circuit;

Figure 7 is a circuit diagram showing

20 an inverter circuit; ' '

Figures 8 and 9 are gréphS'illustrating
the characteristic curves of the circuit shown
in Figure 7;

_ Figure 10 is a circuit diagram showing -

25 a second example of an electronic circuit;

Figure 11 is a circuit diagram showing
a third example of an electronic circuit; |

Figures 12A and 12B are ci:cuit'diagrams
showing the operating principle of the circuit

30 shown in Figure 11; '

Figure 13 is a series of waveforms
illustrating the operation of the circuit of
Figure 11;

Fiéure 14 is a circuit diagram showing a

35 first embodiment of an electronic circuit according
to the present invention;



di agram showi ng the bl ock 28 of Figure 16; Figure 19 is a series of SR
waveforms 10 illustrating the operation of the circuit shown in Figure e
ang F|gure 20 is a circuit diagramshowing a fourth exanple of an (ij‘
€legtronic circuit; and Figure 21 is a circuit diagramshowing a 15 thir
enbodi nent of - an eI ectronic circuit according tothe present invention. It

w | | be appreci ated that the ‘exanples of elecdrenic circuits given in
Figures 1 to 9, 10, 11 and 20 do not formpart of the present invention. 20
In the first exanple shown iRidgagerk>s 15,saas$abiész@'d yawefosupply circuit

IS applied to an afp 9getyp g'ﬁ‘fér&ﬁ%fat‘."{? Pedied), cix@ui@%@%i’é\% e PE4 N9

shown in a block form Int exa |un1 attery 1s use as’ a
battery power supply [err] ?%g%ﬁ%u CEXY %0@%%F¥¥ﬁud%?91§mn%ﬂﬁ%%ﬂge#y has

hi gher storage enes@yondadmboSiheRt OKise HPddEFonid éﬂ.ec@ﬁﬂp si ze.
"El ement s formgg the circuit_shown e, c'on'stru ted on a sin

sem conduct or Substrate by FEoure LAis &g Fe Yoot n’il’éﬁy type
nmet al oxi de sem cmhhma@téz)lshiegcwrw «f rthe tcisohit galesyn et eépigioe e

battery power supply [err] +4O0{ § igré]dﬂ_a%@d[fg icaf. (gﬂaé&iztcrystal

unit [err] a swtch SWand eppi ng conductor Substrate
i s constructed, aldiRAkAM °‘§¥Rﬁmth%fb1‘1°<€‘yp%8 sthFigergst@i line 5

silicon. On the sem conduckpguse!DEY r 24 a $&Pi&s B£ waveforms
10 illustrating the operation of the circuit shown
in Figuré 16; and
Figure 20 is a circuit diagram showing a
fourth example of an electronic circuit; and
Figure 21 is a circuit diagram shbwing a
15 third embodiment of an electronic circuit according
tothe present invention.
It will be appreciated that the examples .
of electronic circuits given in Figures 1 to 9, 10,
11 and 20 do not form part of the present invention.
20 In the first example shown in Figﬁre 1, a
stabilized power supply circuit is applied to an
analog type electronic wrist watch, the latter only
being shown in a block form. _
In this example, a lithium battery is used
25 as a battery power supply V It should be noted
that a lithium battery has hlgher storage energy than
a silver oxide battery of the same size.
Elements forming the circuit shown are
~constructed on a single semiconductor substrate by the
30 well known CMOS (“complementary type metal oxide
semiconductor") integrated circuit techniques, except
for the battery power supply VSS' capacitors Cl, C2' C10



- JOornmed p-channel type insulated gate field effect transistors (hereinafter <

erred to as "M SFETs"). On the semnm conductor substrate, noreover, R
ere is forned a p-type well region which in turnis formed with 10 \/,
n-channel M SFETs. The M SFETs ofgthe same conduction type are W/

si nul taneously fabricated by semtonductor integrated circuit device
fabricating techniques so that they have substantially the sane threshold
vol tages. 15 It should be noted that the references P to

[err] apiedrCyg» i A auantz qrm‘én%a%ihktg# et nsWiteh $¥aand of the
sem cond&lcé.eé%g{%glgﬁ%gg ﬁi rcuit device. The electronic circuit includes a
wn CI rcul 2l

step do ch makes use of the charges on capacitors. 20

The step down cirThet sémtosiductsr substiratdily dbrtstruéded, a capacitor Cl;
a swtching M SFET (B and a. capacjtor C2, whi.ch are connected in series
bet ween 3hEhelagh ROt EhovRe 9L B tpe Aingle~grestablivgninal P ; a

wi t chi T Q mhi i 'a&?&" 4 i ith a series
%i rcuit n%’b%%%ﬁ ng g@ ?!ﬂee %%'[E)gm or.@%li‘g?l‘ga%ﬁ%égé\ltc ?Ir.leg FET [err] and a
swi t chi r@M&EEﬂ'—c]he?nélﬁvmél ixﬁsu]mbed;tgdté rtfiaeldlhéﬁeaﬂ:t h the seri esh
circuit consisting the switching M SFET Q an e _capacitor C2. 3 The
respecti@@%ﬂ%ﬁﬂ?ﬁ&‘ﬂ%‘bf%r?f ereedoto as %’dﬁw gi‘nanr@ type, so

e e grcaRba b, HERiOYalr BN B a0t ve
whi ch ars p+tigpendell pégior winbtinein atwrnd of sreformed eitleni conduct or
18" e9" A e ansel ' rsFETs.
~ The MISFETs of the ‘same conduction type are
simultaxiépusly fabricated by semiconductor integrated
circuit device fabricating techniques so that they have |
substantially the same threshold voltages.
15 It should be noted that the references P, to
P

1
of the semiconductor integrated circuit device.

o appearing in Figure 1 indicate the external terminals ~
The 'e]_.ec-'l:rcnic 'circuit includes a step down
circuit 1 which makes use of the charges on capacitors.
20 The step down circuit 1 comprises: a switching
MISFET Q,; a capgcifor Cy; a switching MISFEfl‘ Q
a capacitor Cz, which are connected in series between
the battery voltage terminal P1 and an earth terminal PZ;
a switching MISFET 02 which is connected in parallel
25 with a series circuit consigting of the capgcitor C1 and
the switching MISFET 93; _and a _switching MISFET Qh which |
is connected in parallel with the series circuit consisting
of the switching MISFET Q; and the capacitor C,.
The respective switching MISFETs CL| to Ql+ are
30 of the n-channel type, so that the battery voltage supplied

and



54+ In order to mnimze the voltage drop due to the substr ot
effect,.'the switching MSFET Q has its substrate gate, i.e., its p-type ?g?;
wehl. region electrically connected with the term nal Pl, whereas the
switghing MSFET 2 has its substrate_gate electrically connected 10

with a termnal P. Li kew se, the smntchlng M SFET [err] has its substrate
gat-e el ectrically connected to a-term nal P5. The sem conductor substrate
acting as a conmon substrate gate for both t -channel type switching 15
M SFET Q4 and a viePi Ehe Eﬁrpiﬁﬁ&nﬁ | hagpa R@&Ftﬁ%efﬁﬂ %B%SquctThg such

various circuits f [ ted
to earth through pze?F& n@h ?8 aﬁ §Bg¥?€c%§i}e$??ian err+¥ug9q&99
required to have 8Bown) which! afeVEhdebendenta@ﬁCcﬁenmcthleh ase Of Ofried cas |

to 0.1 {err] because their resgectlve char e voltages are used as the power
suppl y vol tage totBe SERiFPRAUEEOR %EFFSE% edelrcpite. However it is

difficultgto incorporate tfg gagglﬁgrﬁiﬁf%iﬁg %ﬁé9€?¥ﬁagﬁsd9§yz de Lo ..o

capacitanCe into a sem con uc I ntegra crrcurt
be referred to asthecshbstrateteffectpdthenswstdhmngtMESEEwaQithas itsr]

b b ] e O et rete aRERy i o1 SFENS PotTRe.WelL  FobhaRcelnerrLeAtEE
1170128 Tevel  oneP ﬁs*s.ﬁ'r‘éﬁﬁp‘fé?e?ﬁg‘%é%c Thomaptely faf ?‘anﬁl‘?{f 0
are sinultaneouslMISEEmeQEdhaenﬂtstsubstyateogkteuetectrieahhy connected
' 10 with a terminal Pé' ~ Likewise, the switching MISFET Q3
has its substrate gate electrically connected_to a
terminal PS’ |

The semiconductor substrate acting as a common

substrate gate for both the p-channel type switching
15 MISFET Qh'and a variety of p-channel type MISFETs for
constructing such various circuits as will be described
hereinafter is electrically connected to earth through
the terminal Pa.'

The capacitors C1 and C, are required to have

20 a relatively large capacitance sich as 0.001 uF to
0.1 pF because their respective charge voltages are
" used as the power supply voltage to be supplied to a
voltage regulator 2. However it is difficult to
incorporate the capacitcrs'having large values of
25 capacitance into a semiconductor integrated circuit
(wvhich will hereinafter be referred to as "IC"). In
the embodiment Showng.the capacitors c1 and C2 are
connected to the IC through the external terminals P3,
. Ph and P5. _ _
30 The switching MISFETs Q1 to QA have their gates



respectively, whereas the switching M SFETs [err] and [err] are *

mul t aneously rendered conductive by the clock pulses and [err] during a’

i'me period different fromthat whilst the switching MSFETs [err] and- .
[err] are conductive. Referrifig=to Figure 2A the capacitors Cl and 10\J
[err] are connected in series as a result of the switching M SFETs [err]
hi s st a acitors [err]

and [err] Jbei rendered conductjve, In_t e, ,the ca

and [ &Y Pjéfe‘{]fg’fé"éér% Q\éﬁﬂﬂgt? HcgrB“?:ﬁSFgéci b%‘_‘t-ﬁsbvﬁftgge of the _
batter weaRE ' t ' e48B, the capacitors

" Jerr] %%1 _ %ﬁéf%%%%é%féﬁ‘?n9p%F§F?§P§1§§E§5rg%ﬁF gf1?ﬁe swi t chi ng

M SFETs [err] ite [switchingMISFETr anddQct are. sIhal bahpouslyl t age of
the step down circuit. 1 is obtfined_a ross tHe termnals of the capacitor

c2. 20rendered conguehiye byhelosk pulses dpqtndafige of the capacitors |

err | &y o | e, ' t olefinl.age t Re step down
Li?cti%é%{ieéiif Z%%é‘:g#ﬁii Sfd‘?es’fﬁt‘e‘%@gp’g%mé &Bi %ﬁdi thubslto antially
det er e similtdanyedlisly oréndered tbadhetiveybygutheycdodkbpulbes?25 vol t age

dividipng ratio determ ned by the capagitaors C and C2 -mherea§ t he out put
vol t adfex GR H&rﬁ“ﬁﬁ%ﬁwﬁ time perfodndifferentoLremrthatevbilftkes a val ue

whi ch @%%@ﬁ Skrse‘r.g?scanb%g.&dggt 95-3%83&&8&;#81 the parall el

connec : antl R 3y maki ng the val uesof
capaci tance of ReférihwgcboaPigare [ 2Ar thendapacitopguel amdeach other, the
out put voltage of the step down circui't 1 in the state Of Figure 2A and the
o&fgutczz@neageormec;md siepsevimaschscai result of the

switching MISFETs CH and 03 being rendgred gqndtctive.

In this state, the capacitors c, and cé of the series
connection are charged by the voltage of the battery

supply vss. : o |
15 - Referring to Figure 2B, the capacitors C1 and
c2 are connected in parallel, as a result of the . ' o’
switching MISFETs Q, ##d Q, being.rendéred conductive. |
The output voltage of the step down circuit 1
is obtained across the terminals of the capacitor.cz.
20 By making the values of capacitance of the
capacitors C1 and Cz relatively large, the output #oltage
of the step down circuit 1 in the state of Figure 2A
takes a éalué which 1s,substantialiy,determined both
by the voltagé of the battery sﬁpply and by-the
25 voltage dividing ratio determined by thé capacitors 01
and CZ, whereas the output voltage of the step down
circuit 1 in the state of Figure 2B takes a value which
is determined by the combined stored charges of the .
parallel connected capacitors'c1 and C,.

30 - By making the valuesof capacitance 6£



i the state .of Figure 2B can be reduced to a 5 substantially AN
i dentical value, i.e., substantially one half as high as the voltage OKEEEF*’
battery supply [err]. By the series-parallel converting operations of
capacitors [err] and [err], as has been_dgsgribed above, the current which
flows  fromthe battery supply 10 " is substantially one half as high
as the current which flows to the voltage regulator 2. As will be apparent

fromthe operati ogheOtapl€itoPs d,?V\&ndi Céuétm&l tocesch t cthew, MIFstiut
and, may be rendered conductive in'a mann€r to conpl enent the 1%

swi t chi ng M SFETsvpitageand therptepodovn; sirguiboleinthe s5F4tei ot M SrFeTs
[err] and [err] c he dyiV b n_J i C e r

Swi tching M SFET POERER oA §Rq, MhELok Rt FaLpaRR orPhe oty AR Cltfoutt 1

opposite to the chgackhaukgatéoofdrigurg 2Becth Pé&Tneduced toda20 .
In this case, however b¥ t he Ieading and trailing edge cheraﬁ%ﬁi%itics o]
the cl ockSpul ses, subskankéaliy: identicpbrealuee it ennq SRRsFaN t % he
swi t chi ng M SFETs a re_siqul | Yor : uctive
in a transient nah%if gg g%ﬁ? ?ﬁe*$§|?§§?§5§d§§a§§gﬁ?§g§§5¥egﬂ???fE?SS% of
all, if the swtching M SFBysther seried-féralteli cohvenbingl gperatitons
conductive, the battery suppl [errh and .t he cagaﬁét0£ éer % are. coupl ed

t hr ough 30 thegetNPSFEP§c¥$PPF pdepdr £p, 8 8,0¢ gu& ?cfﬁgegharging

(o age of the CORRERLOTo6R LrFARTCUREN CIMMCTrAl MEc! BaPLORY siRTp |5
I n accordagce WAtWé%herB&bstantially one half as high as the current
which flows to the voltage regulator 2.
As will be apparent from the operations of_
the step down circuit 1, the switching MISFETs Q1 and Q3
may be rendered conductive in a manner to complement the
15  switching MISFETs Q, and Q, .For this purpose, the switching
U - MISFETs 01, 03 and Qh can be driven by an identical
clock pulse, whereas the switching MISFET Q, can be
driven by the clock pulse which has a phase opposite
to the clock pulse for driving the MISFETs Q,, 0'3 and
20 - |
In this case, however, by the leading and
trailing edge .characteristics ‘of the clock pulses, both
the switching MISEETS'QH and Qz and both the switching
MISFETs'Q1 and Qh are simultaneously rendered
25 conductive in a transient manner so that the following
disadvantages result.
First of all, if the switching MISFETs Q_‘ and

Q., are simultaneously rendered conductive, the battery

2 .

supply VSS and the capacitor C2 are coupled through

30 'those*MISEETs Q, and Q,. As a result, the charging



10

pt
!

ol

e.charging voltage of the capacitor [err] the voltage to be 5

pplied to the voltage regulator 2 is raised so as to increase the power. -

[id

|6ss in itself. Likew se, -when the switching M SFETs [err] and [err] are. \/,

si mul t aneously rendered conducti~e9 +he charging voltage of the capacitQy
Cl is raised. As a result of the rise 10 of this capacitor Cl, the
charging voltage of the capacitor C2 is rai sed when the parallel converti ng

operat‘Vdatases@Iﬁrtbel capacitorcCyl s ratsedwbo amshertmlumltm

regul a 2 [ d rger .t o ent he power

| oss, - at whf?ﬂﬁef% %%%‘Bﬁ*%%‘g %rﬁetg"’fé éf%i such tim ngs
as ar etR@c¥Epacitds'CS adto, ! Iﬁsﬂeéérdﬁhde wen tﬁ\@ ﬁié@kirpul se [err]
is raised to a high lelel at 2he time t 10, so as to be substantially equal

t o eartire pcharging velitage ok 'bh#s@a]P%&i‘ForsC aithel voltage gto Ikeel at a

e ErPEht el fo HEE BFLiRRe SobuPRe R bR {éé’%‘%éfﬁ'ﬂoistflgl entoa
| ow | eiéredisénthé power abssl iy pEs@lri o the voltage [err] the clock pul se

[err] falls to a | ow | evel. Li kewi se, when a tine period [err] has

el apsed after kHeewlagk mﬁet@%rsﬁiﬁ%im&lmt MQ \agre the clock

Bt or ehmibraledins romferdd cofdicrvey Ssﬁ?e%erff %ﬁgéuf‘ii e

isr a'ésdtli’éiatbépéﬁ'&&e ¢ s | PaEsedShe ﬂQ'iaﬁ@sﬁEﬂ%ﬁtﬁe Zigeeives the
out put - 10 - voltage1 of the step down circuit 1 through its input line

12 suppfithis caprellor @« dfee tharging voltage of the capacitor

C2 is raised when the parallel converting operation is
started. As a result, the power loss in the voltage

regulator 2 is increased.

In order to prévent the increaée-in the power loss,
the clock pulses ¢1' to ¢3' are made to have such timings
as are shown in Figures 5G to 5I, respectively. . Y,

“When the clock pulse ¢1 is raised to a high level
at the time t10, 80 as to be substantially equal to earth
potential, the clogk pulse ¢2' is raised to a high level
at a time t11 after a time period Z1 has elapsed from the
time t1°.- Vhen a time period-z2 has elapsed after the
clock pulse d ' has fallen to a low level which is
substantially equal to the voltage V CcL’ the clock pulse #1'
falls to a low level. X Likewise, when a time period Z3
has elapsed after the clock pulse ¢1' has fallen to the
low level, the clock pulse ¢3 is raised to the high level.
When a time period Z, has elapsed after the clock pulse
¢3' has fallen to the low level, the clock pulse ¢1' is
raised again to the high level.

The #oltage regulator 2 receives the output



such.a-value as is dropped 5 to the vicinity of the operating | ower

| 41t - vol tage of each electronic circuit. The noninal electronotive volta
of the~lithiumbattery is about 3 V so that t he output voltage of the step
down circuit is accordingly set to 10 ﬁ t_1.5 V. Consequently, the
operating lower limt voltage of the various circuits is set to 1.2 V. The
vol tage regul ator 2 ctoh¥agesefl athe chetmadowy pai nohiy ol WITSRER Gits whi ch

has its drain coupl edir(;lj;ﬁnliﬁﬁa the dyppitidd Ne e Sdihd t@op@&geceancqwm ed to
the output line 13; a differentia anplifier 20for %&;%m acontrol
e -

vol tage to the gate oVt corfts ol 3 M SPET HPUT &9kt
erator 21 for supplyirggul datefrerence sl tegesdch 20 ddmudidd e;r£rtneam’trqﬂ ifier

20; and a Ievel hi ft CIrCUIt T €, refere Y e Cj.r
conprises M SFE [erér‘?gt ie":rlrr]iz“‘2 a”%eem S ,[1 eg ];a‘%] %l\}lngéiz‘lyo[%i}rar
has its gate and draqucﬂﬁﬂmcﬂleﬁ#@?pniﬁ gein'ecrlezitte- such a constant voltage

between its drain and sourgfe asodudst atd & domPOI v ESPONESed Gt hand Wl%QJnﬁ
vol tage thereof. This constant voltage is sup tgklrled to the gate of the

MSFET 0 7 This M SFEbra*QS?e’é*étja*’oI%%‘Hé% AtV i3 el nthE RUIRF T 8%t such
alevel as is determdﬂ@dtlha/ i Ehari h&imﬁaﬁ ¥yt d edin supEdtecd o the
drain thereof an, g the, (e staNee o dGditey, (B4 1ofQUERISA S0 e

sour ce t her eof

output line [err]. The output voltage of the voltage regulator 2 is set @

limit voltage of the various circuits is set to
1 2 V.
The voltage regulator 2 comprlses. a p-channel
type control MISFET 014 which has its drain coupled
15 to the input line 1
the output line 13
for supplying a control voltage to the gate of

2 and its sourte coupled to

a differential amplifier 20

| the control MISFET 014;. a reference voltage gen-
A . erator 21 for supplying a reference voltage to
20 the difference ampiifier 20; and a level shifting
circuit 22. '
- The reference voltage circuit 21 comprises
MISFETs Qg to Qg and a resistor R,.
The.MISFET'Q8

25 to generate such a constant voltage between its

has its gate and drain connected

drain and squrée as substantially corresponds to
the threshold voltage thereof. This constant
voltage is supplied.to the gate of thg MISFET 07
This MISFET 07 establishes at its drain a drain:
current at such a level as is determined by both
30 the constant voltage supplied to the drain thereof
‘and the resistance of a resistor R1 connected to

the source thereof. .



@

The drain current of the M SFET 07 flows to the M SFET f.or'm' ng a part of
current mrror circuit so that a drain current for biasing the MSFET 3

k3

\J

is accordingly supplied fromthe drain of the MSFET [err] 5 ~ e

The output voltage of the refereancp wltage circuit 21, i.e., the drair
voltage of the MSFET [err] is used as the gate bias voltage of the
differential and constant current M SFETs and of the differential

PSP SRR MRS e e T o

shifting circuit

circuit psppeTE
the termnal's [e5r

?6 ax"é"ehf’ad téiﬂréﬁ'@ﬁiﬂrﬁ&" rdirduLrEpct ed bet ween

err t he has its gate el ectrode

pot ent i althamlmtdm'aml dJErrent far @rﬁﬂq@tﬁm |MSFEE Qsptszdet erm ned time by

the stra c nce @ﬁt%%ﬁ% %QJ;“ % !&i:éﬁ,ig @5{ ggﬂﬂ eOIt he

geference vol tagengér%uglvdptéé@répdtw%fépeﬁ@étﬁ;yt@ppl y [err] is

connected. 20 I'evel shif circuit 22 conprises: the
const antc:lawuiehtZM Sk {ethq drm Veplm ithe ri@Iﬂ‘E{F is connected

i n di ode CcO ﬁﬁllon s f \Fﬂég%#eégt I@’ #gg%r f#e Ve e}/\/mchbas

shifting &A% [&iﬂeﬁf qmsms/ tadgndtql heopUtieltal 2rérdeEsdr The
differential anplifier 20 conpri sek? “the di¥ferential M SFETs [err] and

conducti

fallen

[err]

f

15

20

25

cempitfior 20randithe SrmEtant |current iMISHERR edfo the common

Oe 1eveff ;{‘ftf'ffe r{;italzg/.l SFETs [err] and [err] and M SFETs

It should be noted that in the reference voltage
circuit 21, immediately after the battery supply Ves
is connected between the terminals EH and P,, the
MISFET Qg has its gate electrode potential maintained
at earth potential for a predetermined time by the stray
capacitance of the circuit. The MISFET Qg is rendered
conductive by the voltage between its gate and source.
As ‘a2 result, the reference voltage circuit 21 is started
when the battery supply VSS is cdnnected.

The level shifting circuit 22 comprises: the
constant current MISFET 0163 and a level shifting
MISFET Q15 connected 1n diode configuration so as to_
generate a voltage at a level whichhas fallen by an
amount equal to the threshold voltage of the level
shifting MISFET Q15 from the voltage at the output
line 13. ' .
The differential amplifier 20 comprises: the
differential MISFETs Q. and Q,,; a constant current
MISFET 013 which is connected to the common sources
of the differential MISFETs Qﬂ1 and Q12; and MISFETs Qg

and Q1 o which are connected to the érains of the



amd [err] which are connected to the drains of the -12- M SFETs QL1 and
012 in order to forma current mrror circuit. In the differenti al

Fo g

'y

applifier 20, the common gates of the differential M SFETs [err] and [er

and the 5 ~ drain of the differential NM2SRET [err] constitute a non-
i nverting input termnal, an inverting input term nal and an out put
term nal, respectively. A constant voltage substantially equal to the

t hreshol d vol tage}ﬁfsﬁﬁ‘as | SFI;Ld[ er] iins &&Q&Jﬁ %(3 ?gfé{]% %g?_g,g%ﬁt H%E"°9f t he

M SFET Ql1, which acts ~as 1the nondi2awverting inpu
differential anpl icirenat®Q, whereas the stabilized output voltage [err] of
the MSFET [err] which acts as_the .inverti n%ﬂ‘: nput termnal, .is applied

through the M SFET [err] t(;_ntﬁéeggtiéfﬁr% SmiFéPﬂ _2@hi &he;gommon ¢t g
as the inverting Hg%t‘ﬁ;@h@a 1 £Fe% fag_rg? sagl A 20 &gﬁat S%%bs t he

i npedance of the such t'hat e voltagé havilng 1t s1e I fted
by the thrseshol d draimyefofthiehdifiterehtielr MI goalsticuttiec ac apaant

e
vol t age generated 20 by th SFET (Jerr]. As rzesult, the stabilized
ot put Vol tage VCATVETHAnG YoRRE. FeTmInat osry HAVERFINE ARDUE FeFmInad sl 3
to the sumof thegngl a3JPutpute termitad',a! g s of the M SFET [err]
and the voltage -having its |l evel 25 ' l!?r?lﬁ?t gg‘%ﬁhe M SFET The
stabilized out put. vol t age [Aecopstant wwoltagea sublstantieddyt equad dpethei ng
lower limt vol t'aq_srof t '

eshoq.% voltage of the MISFET 08 is applied to the gate
10 . of the MISFET 011 » which acts as the -non—inverﬂng input
terminal of that differential amplifier 20, whereas the
stabilized output voltage VCL of the MISFET Q12, which
acts as the inverting input terminal, is applied through
the MISFET Q,, to the gate of the MISFET Q,,, which
15 acts as the inverting input_ terminal.

AN : The differential amplifier 20 controls the
impedance of the MISFET 01 4 such that the voltage having
its level shifted by the threshold voltage of the
MISFET Q15 becomes equal to the constant voltage generated

20 by the MISFET QB‘ '

As aresult, the stabilized output voltage vCL
to be generated at the output line 13 has a value equal
to the sum of the voltage between the drain and source
of the MISFET °8 and the voltage-having its level

25 ~ shifted by the MISFET Q1 5°

The stabilized output voltage VCL is set at a
value close to the operating lower limit voltage of the
circuit both by suitably designing the respective sizes
of the MISFETs Q8 and Q.' 5 and by setting the bias curi'ent

30 voltage thereof.



*

. circuit both by suitably designing the respective sizes of the M SFETs *

GEErr] and [err] and by setting the bias current 30 . voltage thereof. .°»

3- Incidentally, as a result that all the respective M SFETs of the . .
circuits described above, Mad@ mutually sinilar threshold vol tages, the
stabilized output voltage [err] is autonmatically set to a value which is.
suitable 5 for the supply voltage for the circuits irrespective of

both the di sper siTe1ideritad 13hs ds e resuldes that! Ba1l Rheshelspestiveges of the
respective M SFETs and fluctuations due to tenperature. In the case where

t he opeMESFRTS @fcithe eircuits demnitbaslea@mehehawwava@g@med circuits

M sreTs SaRiiay BResEnE Yorthaeky sHe RIS SRRy VEIRREETTV (L
circuit vzl s umaaéalmyamdwwoe@@aumd Iwuuhr wwzﬁtumbage of the
p- channefl15 M SFET a result, a properly raised voltage VCL

5s suppﬁ@d%ﬂ@@é—ﬂ&%@&e’-@n Fher c;_ircuiLhSkéam-@@pqqt M¢e°c,fase where the

Chor easBStH HRe miBrenklolin he MbAHINE Gelddd b TndTtFeREOM B0
ci rcui t yolithgewolofathe Pespective MESFETS aindd fyctiationd shifting

circuit 22 is increased by an increase in the threshold voltage of the
n- channéPeNFQFE?ﬂpaﬂntN§-a result, the output voltage [err] is properly

\r/g: fgge Io_:‘ kte\rllmesgggl/e tcer(?c(t;s?f?h% %&fje?%&%%hﬁh\gg%o%f% I's al sloI ;Trz)perl y
10educedvoltage of the above described circuits is increased by
an increase in the threshold voltége of the p-channel
MISFETs of the abové circuits, the output.voltage of
the reference voltage circuit 21 1is incréased by an
increase in the threshold voltage of the p-chamnmel
15 MISFET 08. . As a result, a propérly raised voltage VCL
is supplied from the voltage regulator 2. Likewise, o’/
in the case where the operating lower limit voltage of
the above circuits is increased by an increase in the
threshold voltége of the n-channel MISFET of the above
20 circuits, the voltage having its level shifted by the
level shifting circuit 22 is increased by an increase
in the threshold voltage of the n-channel MISFET Q15.
As a result, the output voltage VbL-is properly raised. .

Likewise, in the case where the operating lower

25 limit voltage of the above circuits is reduced, the
voltage va is also properly reduced.

_ The circuits 20 to 22 can be operated by a
very small bias current such as 10 nA, by suitably
designing their respective MISFETs Q. to Q 6 and the

5
30 resistor R1



10 nA, by suitably designing their respective MSFETs [err] to [err] a

t he 30 resistor [err] -14- The supply voltage for operating the
differential anplifier 20 is supplé#et@l4f momthe step down circuit 1, whereas
t he bﬁmer supply voltage for operating the reference voltage circuit 21 is
supplied directly 5 fromthe battery source [err] If the reference voltage
circuit 21 is constructﬁuesaunplﬁavoitags &pxropenagingcitthe by the battery

ised s o cor G EEEEPTET ek CRERLEETSATES, 34T e0ER14RL HERT Tpel BRE oM °°

reference vol tégfcﬁitwktwﬁéreashth&, pBweRaigupply dloldege Torcdperatingt he
consunption fromthe battery. Incidentally, the reference voltage

circuit 21 is thefrefenence vehtagecciroudd 2%t leoisuppdied direcdlyvel y | ow
| evel mhicg co respgﬁds 1?tto t he | evel, of the threshold voltage of the
M SFET I n ordetF?B ?th@ PERLERUTRE 8®3r consunption of the reference

voltage circuit 21, thegefprhg. rbbererer YoldagroeiFaiRe Pptal ned fromthe
step down circuit | in simlar manner to the differential anplifier 20. 20

| t shou:cd Ee ncorstraated sughcth_at ¢, iwhb@e;i@ed)rdititﬂc&immm t he
Vol tage regul SPREESTY T BHPRLE, Vigei A5 BAG BAFA fassrimefs ferRiBeEorEsa i ons

in the step dO&ﬂﬁgﬁggtage 9818agkCEoPBe! NRedd o W AL LEUIAGE refleremcaei ng

The circuits 20 to 22 can be operated by a very snall bias current sucaggal,m
.f{ 3

transmtted to t .
10 voltage can be supplied from the reference voltage circuit

21 even if the battery voltage is reduced by the
consumption from the battery. 'Incidentally, the
reference voltage circuit'21 is sufficient to generate a
constant voltage at a relatively low level which corresponds

15 +to the level of the threshold voltage of the MISFET Qg.
In order to further reduce the power consumption of ﬁhe
reference voltage circuit 21, therefore, the supply
voltage may be obtained from the step dowp circuit 1
in similar mannér.to the differéntial amplifier 20.

20 It should be noted that a capacitor ch, which
is connected between the gates of the MISFET 014 and
earth, is provided partly to prevent the voltage
regulator 2 from oscillating and partly to prevent the
fluctuations in the step down voltage generated by the

25 step down voltage 1 from being transmitted to the gate
of the MISFET 014 by the overiap capacitance (i.e., the
drain-gate capacitance), which exists between the drain
and gate of the MISFET_Q1A; whereby the stabilized
putput voltage VCL is prevented from fluctuating.

30 That capacitance is set to a.relatively large value
such as 20 pF to 40 pF.

The stabilized output voltage VCL is used as



. %
of the M SFET [err] by the overlap capacitance (i.e., the drain-gate *

(zgﬁﬁpacitance), whi ch exists between the drain and gate of the M SFET [err{é&

ereby the stabilized output voltage V is prevented from fluctuating. “Ck
30 That capacitance is set to a relatively large value such as 20 pF to/40
pF. The stabilized out put voltqgQ%;ejr] I s used as - 15 - the supply
voltage for circuits to be described in the follow ng. The electronic

circuits further include an oscillator 3 which is designed to generate a
ref- 5 erence frequency signal of 32.768 KHz. The oscillator 3 conprises an
inverter |V, acting as an anplifier; an oscillation stabilizing resistor
[err] a biash® e3¥RRLY YoIFFES HRArE2rErYEEabOuRPtIS@GriP8fd capacitors C
and C 10 in th&kefellowgngo Figure 7, the inverter |Vl conprises an

n- channel type I d. - n e rr] and is
oper at ed by thewtﬁgg%§égéf%%gg fg??ngﬁigﬁLféggu%%%fgggf%§n1the vol t age
regul at or 20sgqillator Fhehiehatstdesignedahe ganeratedateefitrning the

osci | | a§ i onef&gadlepryqboney Nelgibi NoFNg2 0088t gy Crystal unit X are
selected fromthgse, mh;f?ﬁpave capaci tances of a predeterm ned tenperature

coefficient, wth?d 978 PRABCFRABPT heC B eRPetBYBFEeDOLkpef ficient of the
oscill ati onaé¢temgeasyamndmpl £f { or frednassexibabnbneseappiszingm the | C

a bias resistor R

resistPr R3; 23 a quartz crystal
unit Xtal; and gapac1tors C10 apd 011.
10 Referring to Figure 7, the inverter IV1

comprises. an n-channel type MISFET Q and a
p-channel type MISFET Q

supply voltage V

20

27 and is operated by the

cL which is supplied from the

voltage regulator 2.
10
the oscillation frequency together with the quartz

15 ‘The capacitors C and C11 for determining

crystal unit X are selected from thoée, which

have capacitanEZi of a predetermined temperature
- coefficient, with a view to reducing the temperature
20 coefficient of the oscillatidn_frequency_and are

formed as external elements from £he IC.

The inverter shown in Figure 7 is designed

to have an output voltage characteriétics against

én input voltage Vi which is indicated by a curve
25 B of Figure 8 if its operating voltage is made

equal to thé battery éoltage v

The p-channel type MISFETSS21 is rendered
conductive when_the input voltage Vi is made'higher
than the threshold voltage Vthp |

30 the n-channel type MISFET 021 is rendered conductive

when the input voltage Vi becomes lower than the

thereof, whereas

value which is calculated by subtracting the thres-

hold voltage vthn from the voltage



The inverter .shown in Figure 7 is designed to have an output voltage -
characteristics against an input voltage [err] which is indicated by a(E§ it
cucve 25 B of Figure 8 if its operating voltage is nmade equal to the -
battery voltage [err] The p-channel type M SFET Q s rendered 2 1
conductive when the input voltage [errp5is made hi gher than the threshold

vol tage [err] thereof, whereas 30 the n-channel type M SFET [err] S

d d ducti wh he_i | t Vi b - h th |
Vi eh 4 colet bt Yazp g ol Atngarne. W 8y reRir, B FRREent Eokdn #he
vol tage thn '1§E1d&%5‘ﬂed°%gt gfbllgbﬁﬁnlcur% B b2SWiburd 9OUr tAPbughO¥he Aas

I ndi cated by a broken curve lgure 9, through the source-drarn paths
of the series conseuree~drsinlpather of &he @eries souvvediedcMISFETshE 0

change in the input .wvgltage 21 5 L] t he_ot her hand,_in,th ase
where the conduct B8 gbﬁ aBnFGSHHGEFFﬁeLSFét&ggoFgﬁﬁgewggFE$§ LBPH gﬂﬁgage
[err] are invertgd, subsequent to the state, at which the potential at an
output node N is Beld substantially 10 at earth potential, by the

conductive state of the M SBEthe othext havd,byint khencaseowtierei thest at e of
the M SFET [err] th urrent

coupled to the ouFng%gigg%n ) ﬁPBﬁ&ﬁLhﬁg%ﬁk§2%$%t%%pS&gkﬁéhgeﬁFﬁ@Ei 2;5
' and 022 gre.inverted subsequent to the state, at which
the potential at an output node N° is held substantially
10 at earth potential, by the conductive state of the
MISFET Q

-21
MISFET an .
CO’ which is coupled to the output node N
the MISFET QZO from the line 13.
15 As a rgsult, the power to be consumed by the
N inverter shown in Figure 7 is determined by both the_
through current, which is established as a résult that
the MISFETs on and 021

substantially conductive, and the charging and

'and then by the non-conductive state of the
, the charging current flows into a capacitor

o’ through

are simultaneously rendered

20 discharging currents to and from the capacitor CO,

The range of the input voltage Vi, within which
the through current flows in accordance with the reduction
in the voltage'VCL
level of the through current itself is reduced.

25 _ Mbreovef, since the changing range of an output
voltage s is reduced in accordance with the voltage Vi
on the line 13,
which flow through the capacitor Co are reduced.

As a result, the inverter of Figure 7 has its

on the line 13, is reduced, and the

”the'chafging and discharging currents

30 power consumption reduced.



5 As a result, the power to be consuned by the inverter ;
wn in Figure 7 is determ ned by both the. through current, which is o
tablished as a result that the M SFETs 20 and Q1 are si rmltaneously N\,
rendered substantially conduet4Fes and the charging and 20 di schargi,ng
currents to and fromthe capacitor CO. The range of the input voltage [err]
within which the through current flows in accordance with the reduction in

the vol tage [err]i%®rshoild ibe noted that &iewave ahof Helgune|8 of the

et n et ds te AbSE Fihedty charastantet it ERHARS W rh e
vol t age {red rinfit Vel tdge dErde frhifereter din Otled Codlk & Gilfése NEpe Ur rent s

whi ch flowthrou h the capamtor CO are reduced. As a result, the inverter

of Fi gur@tpuiasv oHoe THkAEH mmlemefd is supplied should be
oted t t he Ut . vl t age

har act e %uéisp% %/A#f%ge ofc ‘R°fm n the case where
the out mnlwsa&ﬁaam \the ofh#difgly Girrsnt cguiveiformé iwhén/Pthé ed 5 to
the line [err whereas a SO|Id curve A of Figure 9 illustrates the through
current el sidesigned ke have ithejchamretenisties ok ®hevracteristics
of the ¢ ofe R The oscillator 3 of Figure 1 generates a
reference 1 ﬁ Jf ﬂ‘%{f%%/ signal having a waveformsimlar to a sine

- wave. This refererge dscIlbator S5 WRIFigure! PPl gaerOtéd 4 vé@fdrdnce acting
as a waveformshaping circuit ‘which is receptive to the voltage [err] on-
1Qe |i ndnequency signal having a waveform similar to a sine wave.

This reference trequency signal is supplied. to an

inverter 4 acting as a waveform shaping circuit which is

receptive to the voltage V.. on the line 1 33. the

_ CL : 73
supply voltage. :
15 As a result, the inverter & generates the reference
frequency signal, which has its waveterm shaped as the o

pulse signal, in accordance with the sinusoidal reference
rrequency signal supplied by the oscillator 3.
The output signal of the inverter 4 is supplied
20 through a line 15 to the input terminal of_a_frequency
divider 5. |
As showu'in Figure 4, this frequency divider 5
comprises sixteen flip-flops FF1 to FF16 connected in
geries and an inverter IV?. | |
25 Each of the flip~-flops FF1 to FF16 is designed
so that the output signals at output terminals Q and Q
are inverted in synchronism with the trailing edge of
the clock signel which is applied to the clock input
terminal ¢ thereof.
30 : As a result, in accordance with the reference



reference frequency signat, which has its waveform shaped as the pul se Laf
sisghal , in accordance with the sinusoidal reference frequency signal o
supplied by the oscillator 3. The out put f'gpal of the inverter 4 is

supplTed 20 through a line 1 to the Tnput termnal of a frequency 5
divider 5. As shown in Figure 4, this frequency divider 5 conprises sixteen
flip-flops FF1 to FF16 connected in series and an inverter igﬁfﬂr]. 25

Each of the flip-Pabse signal of 132,768 Klignawhich timsupplied pthrough the

Tl h edge of HASTactE caf SR EKER G f BUEE SR B e B e

terminal [err] thpsegénerdted at the outp\dtatédpindl of tiie of Tl op LFF1 he
reference --18- pulse signal of 32,768 KHz, which is supglle t hrough the

line [err] from t&Rdigprige aignal PES8s19RKHprig Bemer 3t sthe utnul

" . . , 1 ] ; o
o TS SeRar o PRng] $ES PLIbOPLEE reA1d TR, Wy le OerBn
Li kewi se, a pul seofiQuHlH2 16 genbratedcatrthedowtpit ctorminagl tef el of

the flip-flop FF16 at the fin%% ste_aé The out put pul se signals at the
respective frequehtiRsflop ERN1& et cthefinglb8teR. frequency divider 5, 10

are supplied through a 'irfhéjéhfﬁuﬂjﬂﬁigbasf@ﬂ&igrgl the respective

frequencies, which are output from the frequency divider 5,

supply vol tage. 15 As a result, the inverter 4 generates iﬁe o

10 are supplied through a line 113 or 114 to a waveform
shaping circuit 6.

This waveform shaping circuit 6 is provided to
generate a pulse signal for driving a bipolar drive
stepping motor M and consists of a suitable gate circuit,

15 ‘although not shown, which is receptive to the voltage

N Vop on the line 13 as the supply voltage.

The waveform shaping circuit 6 supplies a pulse
signal which has its level raised substantially to the
voltage VCL and which is fed alternately every other

20 second to lines 115_and 116‘ In order to reduce the
average of the drive aurrent to flow into the bipolar
drive stepping motor M, the pulse signals of the lines
115 and 116 have their levels raised to a high one during
their one period, e.g., for 15.6 ms.

25 It should be noted that the signal level, which
is reduced substantiéily to earth potential in a manner

" to correspond to the fact that the supply voltage supplied
to the external terminal PH of the IC has a negative
polarity, is deemed to be high, and the signel level,

30 which is changed substantially to the supply voltage level



shaping circuit 6. This waveform shaping circuit 6 is provided to generate'.
QSSpulse signal for driving a bipolar drive stepping notor Mand consists of
h

guitable gate circuit, 15 al t hough not shown, which is receptive-tbo’s«
e voltage [err] on the |line [err] as the supply voltage. The waveforr/
shaping circuit 6 supplies a pulse signal which has its |evel raised
substantially to the voltage ¥19-and which is fed alternately every ot her
CL 20 second to lines [err] and [err]. In order to reduce the average
of the drive current to flowinto the bipolar drive stepping notor M the
pul se signaPf bhet Rérruass L&rApeand terPP have their levels raised to a

hi gh one during thelbueaﬁtpsbued s€glai B?rtﬁé falBroen It
shoul d be noted. that the si | evel, which is reduced_substantially to

earth potentPaPiPg SiREHAES tésCSPP8%bSHdtP5°PﬁB PalfVEhat the supply
vol t age supshiedihg thecaiternab batpunabuPfteof ciheui€sh8s a negative
polarléy i ned to be high, and the signal |evel, 30 which is

change subs?an fally to the supply voltage |evel

-1 9- of the circuit,

it deemed to be Fbe. o¥keusupplsepsiisaadsgnsl tbe phé&pPwhveBSFRTshapi ng
circuit 6 'éi?HQ@Ebeé ahaoqgare gaxshiéhlthbaggﬁl&ﬁeleerEQaQutput buf f er

circuits 8 5 . The out put Eu se 'signals of

circuits 8 Eﬁﬂménaﬁé gepBPPeagtﬁPo
[err] to thefenregi biipglarndragelLstepping motor M.

t he out put buffer

Bf ERer %FéPﬁaWIPSFﬁﬁnéls [err] and

10 : As a result that the output voltages of the

output buffer circuits 8 and 9 are reduced from

the high level to the low level for the period-

of 15.6 ms every other second, the drive current

having its polarity inverted for one second is

15 supplied'to the energizing winding L.

As a result; the rotor R of the stepping

motor M is rotated a predetermined rotational

angle every second. The gear trains of the watch

{not shown) are driven once a second by the rotor

20 R.

The bipolar drlve stepplng motor M usually

requires such a drive current as is considerably

larger than the operatlng current of the respective

circuits.

25 The output buffer circuits 8 and 9 are so

designed that they operate in a manner to use the

battery voltage supply VSS as a direct supply.

By means of the connections_described above,

the load current of the voltage regulator 2 -

30 can be reduced, and the drive current of the

stepping motor M is not supplied from the VOltage

regulator 2 so that the voltage VCL

on the line
13 can be sufficiently stabilized nothwithstanding

that the drive current is intermittently generated.



oé the bi pol ar drive stepping notor M 10 As a result that the .
out put voltages of the output buffer circuits 8 and 9 are reduced fromt oy
hixgh level to the low level for the period of 15.6 ns every other secowé?%)—
the drive current having its polarity inverted for one second is 15

supplied to the energizing winding L. As 20result, the rotor R of the
stepping notor Mis rotated a predeterm ned rotational angle every second.
The gear trains of the watch (not shown) are driven once a second by the
rotor 20 R The bipol ar Moreeverepihe supply KPLB%&?I?frFRﬁHQQQP%%Ch a

respect i ve o roui purfe cireabed s bafle {8 cke8a FFof 10 LTINS | 10
desi gned t hat theaugpebafgeiaogtggﬁn@fgpowu§ehtbgkbgtpyagevnhtﬁ@e wopbdge Vs

as a direct supply.. By neans of e connections described above,  the lqu
current of the voregydateguRator Comsequentlye evencel, theq stakeqin, whic

current of the st I n Qr i | ] o t e regul ator
2 so that 2t he vo%ﬁgggg$£2&8no¥L§ﬁFPﬁ%tﬁgpfe?ﬁ?pggnvgshgﬁgg#%?gntIy
stabi | ized not hwi pR3hengdely bbaticels drsutfivieatlyi largeedniveecutryent

gener at ed. -20- Moreover, _the supply voltage of the ogutput buffer
circuits 8 and 9 cgnfbeeguppbﬁﬁéhEOiEhﬁuéﬁesg ng motor R Qﬁroush he

output buffer circuits 8 and 9.
| These output buffer circuits 8 and 9 consist of
10 a complementary type inverter as is shown in Figure 7.
When the inverter of Figure 7 is operated by the battery
véltage supply VSS’ the input voltage Vi at the level of
the battery voltage supply VSS is required for rendering |
the n-channel type MISFET on sufficiently non-conductive. .
15 The pulse signal supplied from the waveform
~ ghaping circuit 6 to the lines 155 and 1,., as described
above, is set to have its low level the same as that of
the stabilized constant voltage V

Accordingly,'the

- c1°
level shifting circuit 7 is designed so as to shift the
20 level of the low level output signal of the waveform

ghaping circuit 6 to the low level signal at the voltage
level of the battery voltage supply VSS'
As shown in Figure 6, the level shifting

circuit 7 comprises: MISFETs on to 023 vhich are operated

25 by using the voltage Vss as the supply voltage; and
MISFETs Q24 and Q25 which are operated by using the

voltage VCL as the supply voltage so as to generate an
inverted signal in response to the input voltage Vi.
The electronic circuits also include a time

30 adjusting circuit 13,'which is responsive to the signal



A
due to the voltage drop which takes place in the voltage regul ator 2. ¢
sequently, even at the state_in which 5 the voltage of the battery
)ply V  has been relatively reduced, a sufficiently large drive curren
can be supplied to the sté‘p%i“n@ motor Mthrough the output buffer circuits
8 and 9. These output buffer circuits 8 and 9 consist of 10 a
conpl enentary type inverter as'is shown in Figure 7. Wen the inverter of

Fi gur £rém a keyr awdtdy Swhdhrough mdxmmﬂlptémiml ]P dn nput vol t age
[err] at the |evel _.of the batter | t age s err equi red for
r endePFAET: ke ﬁl’m &M K‘ﬁﬂt% é)%o %‘h{' JR) ive. 15

Fg?rfﬂ-igu? &? ' be %(@g@\ﬁ@#?yhave ‘rﬂf CTBO;[N Itset/gl t?ﬁel [sgﬁz

as thdbsmknbhet%t erluéd () ma.gt%\id‘tﬂagf High |leveXcsignilngor the | evel
shifting circuit 7|s desr n S S to shift the 20 | evel of the | ow

| 3¢l 8oRrgdeterpin %‘M\m rﬂ gthe eperation of,theyy | evel

t I As h
i ourked s t’%%#ivsé"?q'ﬁ#m o Batedis Y iaed ity W ihdnrditdd /P STOMY 11
whi ch are oper ghed cQock ed@ra:w:ngﬁ tgen/e:i-ém ‘[:l@é r¢leck tpwd swgpl y

vol t age and M SFETs [err] and [err] which are operated béﬁsrng t he
voItag 't fors openpting fhe £tep doyymysirertt ob igg hd%d signal in

B BB g Ve G PRI 2
-2l0 theMcdokky generaitoP/\itihicauy e moidi i s ethabalt Ridhdists
of: an oscillator which is made operative'to generate
a reference clock by using the battery voltage supply VSS
as a direct supply, and a logical circuit which is
receptive to the qutput of the oscillator.
15 In the example shown in Figure 1, the
reference clock 11 is'supplied.from the frequency
divider 5. It is therefore unnecessary to provide the
oscillatof in the clock generafor.11 and this prevents
both the undesired increase in the power consumption by
20 the circuit and in the number of the circuit elements
required in the semiconductor integrated circuit device.
‘Moreover, the clock generator 11 is designed
so that it receives the voltage, which is dropped by the
voltage regulator, as the.supply voltage in place'of
25 the voltage of the battery voltage source Vés;

Since the low level of the output clock signal
of the clock generator 11 is not sufficient for switching
the MISFETs Q, and Q, of the step down circuit 1, the
level shifting circuit 12 is provided.

30 The level shifting circuit 12 is designed in



osder tq supply aline 1 with a signal for resetting the 12 frequency -
di vi der 5. The tinme adjusting circuit 13 is designed to feed the line 2 -
wiith a high level signal for 5 a predetermned tine irrespective of theé%ﬁ“
operation of the key switch SWwhen the babberLy voltage supply is

connected. The clock generator 11 generates the clock pulses to for
operating the step down circuit 1, as has been described in the above. I n

an alternative fosimil@rt hensleeCltodener 2evellahe2tifg eRdchied7sast Pat it
consists of: an oscillator. which is nade operative to generate a reference

cl ock by using t hehewn: dny Figuregb.supfhe Llevel sbiftingecircuppl §2 sad a

| ogi cal circuit | L.S 4 @Geptlve t u sgillator..1
In the exanpl e sﬁ@ﬁﬁgﬁkigi§§r§%%¥'Fhge?giéggagegéﬁgéﬁgiﬁaig°§ﬁ§5??8&°$ron1
the frequency di vidieorder tbt reducketheopowepnesasampriba, provi de the
oscillator in the clock generator 11 and this prevents both the undesired

i ncrease Pn-the power cons@pithenceptrerymnether elpckagenernatpr hlinbsr of

Govi ce. Nor eover - Lene BRALERYA B0’ BEy8THLER"H. ERIRLAVRTH, ROBBIEN] OOl o
the vol tage, whi ckonstiietion by tbecvnbumgcredetieely. haght pewerppay is

vol tage in place of 25 the voltagg of the battery voltage source V Since
the | ow | evel of BRParepfufremodResdgtailed chrcultcrhgwreint Bigurei 4. not

e oheT e oo, | CopHeERRy, 880, Ghnbribtssheufoyechr I

circuit 130 s desisgpply woltage of the clock generator 11 is dropped by
the step down circuit 1 and the voltage regulator 2 as in
the above;_can effect a lower power consumption than
the construction, in which the level shifting circuit 12
is dispensed with by operating the clock generator 11

15 directly with the voltage from the source of battery
voltage vSS" '

In the case where the output voltage of the
step down circuit 1 is zero, the oscillator 3 is not
operated so that no clock pulses are generated for

20 ~ supplying to the step down circuit 1.

In order that the voltage necessary for the
operation of the oscillator may appear on the line 13
when the battery voltgge supply_vss is connected, the
necessary voltage has to be supplied by the step down

25 circuit 1 even if the oscillator 3 is left inoperative.

The switching MISFETs 01, 02 and Q3 have their

gate potentials raised to the high level such as earth
potential, at the instant when the battery is connected
by capacitors such as stray capacitances which are connected -

0
3 between their_respective gates and earth, so that they are



2- simlar manner to the level shifting circuit 7 as is shown in Figure *

@ The level shifting circuit 12 is designed to have a relatively e
pl i fied construction in order to reduce the power consunption. 5 - e

On the contrary, the clock generator 11 is . is designed to have such a/
rel atively conpl ex construction as to consune relatively high power, as is
apparent fromthe detailed cire@st shown in Figure 4. Consequently, the
construction, in which the 10 supply voltage of the clock generator 11
i's dropped by the step down circuit 1 and the voltage regulator 2 as in the
above, can efradersgd cwadusdine .codsulptriest lithathehd neotstidianet i on, in which

the | evel shhftb@gtgbrggu%a%% bgg@ﬁg@g@sedlw1g By 1@ReRAkihng the clock
generator 11 25 directly with the voltage fron1t he source of battery

vol t age [ertheIH°@ﬁé5@aseH®WéW§rb éfoGFp&Fa§6IP§§e°5ftFﬁe step down

circuit 1 |ss&emehih@ewmymdﬁsa ra&dls nohsopemabeddsaohhat no cl ock pul ses
are generated N9 0Q t he ste R down é |t 1. In order
& |

su
that the vo|t8&§“ﬁ§g”§s§ f F%r t e ope? & &8 of CREPS gtor may appear
on the line [tder insudn line b%tﬂeryaﬁehﬁag@ §MppwysWred|ieW@dnected t he

necessary VO'tQQ%nQQSg%%eQ%ti% o34 WY %Q%ns%sptﬂgw%s%ﬁllanorc'VCU't 1

even if the oscillator i noperative. The switching M SFETs [err]
and [err] havé PﬁélF“@&FéeﬁoﬁéﬁP|él§“F£ﬂ§éGnﬁo°Pﬁ€aﬁP§ﬁ Véldia&8uch as earth
potential, at thani l&S‘td%ﬁ't t\nfaan tinke vlaattta@rey aitS acae@a@te@d 1Ry, eqapaci tors such

as stray_ capacitances Qnnecteq be n thelr respectlve
gat es an&%eaFFH So SRE % 3 é 198e%9 3 %nen nl %m%%

voltage supply V is connected the switching

MISFETs Q1 to 03 of the step eown circuit 1 are

positively and simultaneously réndered ¢onductive.
As a result, a voltage substantially equal

15 to that of the battery voltage supply VSS is
supplied from the step down circuit 1 so that
a predetebmined voltage is accordingly supplied
from the voltage regulator 2.

The start state, i.e., the state, at which

20 the switching MISFETs 01'to Q3 are simultaneocusly
rendered conductive, is continued for a period
until the oscillator 3 is rendered sufficient
oscillatory. As a result, the operation of the
respective cireﬁits of Figure 1 are ensured.

25 | In order to achieve.the starting state, a
latch circuit is provided and designed to be seat
by the rise of the supply voltage VSS'When the
battery is connected, and to be reset by the rise
of the output signal at a predetermined output -

30 step of the frequency divider 5, whereby the
switching MISFETs Q1-to Q3Iare simh;tahebusly'-
rendered conductive on the basis of the output

signal of the latch circuit.



regulator 2 is supplied with the voltage. However, if at |east one of t

v
T

“23- rendered conductive. As a result, the input line [err] of the voIt_
&5

swit ching M SFETs [err] and [err] is rendered non- 5 conductive bef ole
t he ¥9Jtage to be supplied to the input Li 12 is raised to the desired
| evel, a signal generating circuit such as the oscillator is not supplied

with-a sufficient operating voltage. In order that the voltage at a.

desired IeveI_lO may be supapl tgé chlhEatbﬁGBIwaeﬂ iBeoperated bpld age
supply [err] is connected, the switching M SFETs [err err

,Z;ep domnlcircuitrelatévpbzi10VeV91§ﬂEesiﬁuﬁb9H%6ub¢y %%;5 %H°LQP££&&$§%$10H
aresult, a vo t] 1
vol t age supply vskﬁgggﬁggﬁﬁgggfF§#¥¥ﬁ§g§§%5 ggﬁgogiﬁgb¥€;1£€§ ?ﬁ%%f%#%or 3

predet erm ned vol tagBel Braaghtdifigbyasgnprictlehtdyn stebYel bsgtlletotnt stake

The start state, i.e., the state, at which 20 the switching MSFETs [err]
to [err] fre sinuBﬁ&ﬂ?oﬁbﬁyvﬂéﬁ§83eaubﬁﬁﬂubﬁﬁvb?eﬂSCQBH?FFEngPQrtEPBévm%d

til th il ks.repdered h gl i
oporat i on of the PREFRLLPDLOF; Faf pRLIAEREE 2 pEtued B ndoaferecst yndhe
order to achieve bagillatihglopeshtion Latmade relativelyprunstableariy

designed to be set by the rise of the supply voltage V  when the battery
i s connected, andfluctuatiens ip the ﬁPEEREfV9%§aSBtput signal at a

D Cone g Wrar L, 77 SCefb LBy’ SRR SHTpYLOR1nG: s¥REGCDY Uifes, tne
10 - output voltage of the step down circuit 1 starts to drop
from a voltage substantially equal to the voltage of the
battery supply vSS‘ In fact, the voltage regulator 2
is not a fully stabilized circuit so that its output
voltage is effected by changes in the input voltage.
15 The output voltage of the voltage regulator 2 is slightly
. ~ reduced in accordance with the .reduction in the output
voltage of the step down circuit 1 and fluctuates in
accordance with such fluctuations in the output voltage
of the step down circuit 1 as accompany the start of the
20 switching operation of the switching MISFETs Q1 to Qh'
As a result, the operation of the oscillator
3 méy'become unstable immediately after the starting
state has ended. If the period of the clock pulse
applied to.the step down circuit 1 is changed in
25 accordance with the unstableness in the oscillations,
the changing amplitude of the output voltage of the step
down circuit 1 is accordingly increased, and the '
operation of the 6Scillator 3 may be interrupted.
- The sequential switching operations of the
30 switching MISFETs 01 to Qh of the'step down circuit 1.



w

dered conductive on the basis of the output signal of the latch circuit.e

@E%g- In the oscillator 3 which is operated by a relatively low voltage it --
0

uld be taken into consideration that it takes a relatively long tinme .fo,

the oscillator 3 to be brought into a sufficiently stable oscillatory state
5 after the voltage supply has been connected and that the operation

of the oscillator 3 mdway of the start of the oscillating operation is _
made rel atively unstable by flTUctuations in the supply voltage. In the case

where the starti ng state is ended, the 10 out put voltage of the step
down circuit S fgrgg’n q.,tvéql,t angd al Iy equal to the
vol t age of t%e b%f%%ﬁ%ﬁéﬁﬁﬁfﬂy [err : In ct Qﬁie voltage regulator 2 is

not a fully %E%l%?‘?#%cpfbltr%lqscsjol HAr i3 SOUWIRE WA teRJEa8E ef fected by
chan?es |n2t3}e tttﬂé)UIhir}/é)Ht agss fhbrthner Jmm,putxﬁr/]odr;h@ge gf t he vol taﬁe
regul at or is s t uce cordance with the reduction in the

out put vol t Sy %i f (ﬂﬁ&b#ékéxhﬁlﬁF%ﬂﬁj??Tﬁﬁiﬁﬂ%&?ﬁn accordance with
such fl &t uath®nkevel tmthCWuﬂgaaﬁ ddeslsdvep Town circuit 1 as

acconpany trf‘@p‘fté of gt%g omqleféq#m ng, PPEL & 1 oN. &f; 4 he switching

M SFETs [er er’r] eration of the oscillator 3 may
becone unst a®PRP T hFERE attfé? WIaﬁFé?s the, & t35g bt atendrreended.  If the

- period of theuwd Oake un 52 Mdmaﬁw%ﬁtm d:OéMh@H&rUlt 1 is changed in

25 .accordance w1 h th unst@l eness [ LC] CI | ) at i ons, the changing
anpl i tude of*% hEPOUEPLL é{)& ctft 1 is accordingly
I ncr easewy &mmd&nxlve, the_follow1ng unde51red c1rcu1t

operations occur. .
When the voltage V
channel type MISFET Q,,

even if the input voltage Vi is raised to the

cL is dropped, the n-

is not rendered conductive

15 high level such as 2zero volts or earth potential.
As a result the MISFET'QZA is left non-conductive,
and .the MISFET 023 cannot be rendered conductive. - U
Consequently, in the circuit shown in

Figure 1, if the output voltage V of the voltage

20 regulator 2 is reduced to a lowercgevel than
the operating lower limit voltage of the oomplementary
inverter by a drop in the voltage on the line
12, the level shifting circuit 12 ceases to generate
the clock pulses at a level which can simultane-

25 ously render the switching MISFETs Q, to Q

conductive.

3

As a result, in the case where only the
latch circuit is provided for the purpose of
the starting operation, in order to re-start ' -
30 the oscillationsfrom the state at which the
oscillations ceased, it becomes necessary to
restore the starting latch circuit to its initiél
state by a process of once removing the battéry
voltage source and to release the latch operation
with the MISFETs Q and 020 of the leyel shifting

22
circuit 12.



operation of the oscillator 3 may be interrupted. The sequential switchigg el
operations of the 30 switching MSFETs [err] to [err] of the s@ Pt
dawn circuit 1 -25- ‘are interrupted by the interruption of the ope n

of the oscillator 3 so that the voltage on the line 12 is further reduced.
In tﬁé conpl ementary type M SFET circuit constituting 5 the | evel
shifting circuit 12, as shown in Figure 6, if the conplenentary inverter
circuit conprising the MSFETs [err] antRf-err] is rendered substantially
nonconductive by the reduction in the voltage [err] whilst the MSFET [err]
IS 10 conductive, the follow ng undesired circuit operations occur. Wen
the voltage VCL is dropped, the & RISHRIE tiHeP MVSEET Yher VP Lt 850t
L_enﬁelred IconduEtive eve iflfrdmeoeirrg)ut]edamaagm \thd undaissetd aeviea i 15

hi g evel such as zer ts or eart tential. a resylt .the SFET
[err] is left non- condifct ee,pré%‘ﬁi%"en tL%I’—E’é‘r ‘J(jcnclgéf\tn%tn b%%reecnt re}‘régél
conductive. 23 Consequafitidry, thien thctage cainrphdvas ibedn quemsected. t he
output vol tage [erd] ofs the-oai{ @000 of &l APTer dee Iuliaah iy @ | ower

| evel than the operating lower limt _vo?tage of the conplenentary inverter
by a drop in the volt et dh B ¢¢3%ed ef? |OPE TR S AN Wi fASATPLiI&ENRT 12
ceases to generate theagdwek il sestattaed ] evel which can sinmultane-

The oscillation detector 10 comprises:
inverters IVZIto IV,
cL pn the line 13;
OR circuit EOR; resistors Ra and Rs; and
12 2nd Cy3:

The oscillation detector 10 is supplied

which are operated by the
10 supply voltage V an exclusive
capacitors C

with a predetermined output of the frequency

15 divider 5, e.g., the inverted output Q of the

flip-flop circuit FF5

o The operation of the oscillation detector

of Figure 4.

10 will now be described with reference to the
~ waveforms shown in Figure 3.
20 At a time to,

Vss'is connected. Since the exclusive OR circuits

the battery voltage supply

EOR has its two input terminal receiving the

signals at such a high level as is substantially

equal to earth potential, it generates a signal
25 at a low level substantially equal to the supply

CL’

Figure 3. The MISFET 017 is rendered non-conductive

by the low level output signal of the exclusive

voltage V as indicated by a waveform C in

OR circuit EOR. The signal at the input terminal

30 of the inverter IV5 acting as a waveform shaping

circuit has its level raised to a high level by

the capacitor C which is substantially equal

13
to earth potential, as indicated by a waveform

E in Figure 3. The output signal of the



. 25 ously render the switching M SFETs [err] to [err] 3 conductive. As a *
'@gksult, In the case where only the latch circuit is provided for the e
urpose of the starting operation, in order to re-start 30 the N

oscillationsfromthe state at whi @F the oscillations ceased, it becones/
necessary to restore the starting latch circuit to its initial state by a
process of once renoving the battery voltage source and to rel ease the
| at ch dperexttiean IVt st corvespenidingly] raisegderto] thie hlighl 2ewelshifting
circuit 12. -26- It is possible to prevent the voltage [err] from being

" r educe@st dndicatede byr advevedlorey Rt 48 Figyi Sieon of an oscillation detector
10 after the vol tage supply has been. connected. 5 As a result, the

operation of thelBs@ccPgaancs wifh:fhe,o i0n &18riiBEfor the reason

Pv2' o PORSCHRFAREAER BlciroduBy tonSTHS eI I Y Frmage B8 1] on the || ne.

13, 1 PBARRON AR by K0S, B AT e o otgg (0T o1

08| SRR K il ¢ 1ot by B Vettofi Rl =111 O
Fig. 3. -

As a result that the amplitude qf the output
reference trequencj signai!of_the oscillator 3 is made
sufficiently large at a~tine t2, the frequehcy divider 5

10 starts to respbnd to the reference pulse signal which is
supplied through the waveform shaping circuit 6.

As é result that a predetermined number of
reference pulse signals are applied atfter the tipe t2, .
a signal, which is made to have the low level at a time

15 t3, as indicated by a waveform B in Fig. 3, is supplied
from the frequency divider 5 to a ling 19.

The exclusive OR circuit EOR is supplied with an
input signal which becomes incoincident for such a delay
period as is determined by a delay circuit including the

20 inverters IVé and IV3, the resistor Rh and the capacitor
Cyoe As a result, the exclusive OR circuit EOR generates
a signal which has the high level for a period
corresponding to the delay time period.

By means of the high level signal of the

25  exclusive OR circuit EOR, a MISFET Q17 is rendered



reference to the wavefornms shown in Figure 3. 20 At atinmet
"bgttery voltage supply [err] is connected. Since the exclusive OR circC
EOR Qas its two input terminal receiving the 88gmals at such a high |eve

as 1s substanti %bh&gﬁ%!% &8 tRAtLhtAE! sa%#ab s%l genNgratRs Invester wdhﬁty 2

| ow I'evel substan I'y equal to the supply volTage [err] as indicate

waveform C in Fisgupads tbhBaVeSkke ©6¥ Leverodepagdanpesadegutheve by the
| ow | evel output signal of the exclusive OR circuit EOR The signal at the

input termnal Zgpakitbe Clyiedscsuppiiedt wighathe Deweleweslsbsignad ofrcuit
has its level raised to a H¥gh | evel by the capacitor C13 which is
substantial |y eqhel inverderhIVot ¢hroagh &hei MASFETeQ by aThdescMEBEEE i n
Figure 3. The output signal of the -27- inverter [err] is

cor respond ngl y Quai dedrenderedhngn-condncii venanc acearagngevidPothfr in

Fig. 3. In accordance with the gscillatiop star in% characteristi,cs & t he
quartz crystal dect that) theneutput, sigpa r@ﬁh@%@y §FgﬁéﬁV§t9 §1F8ug
supplied fromt 5 osci Il ator .3 at time Lerrl, asg.ndj b
wa\egform Ain FE’@.R is R§%§ t0s NSRS "Sﬁeiaﬁphﬁ" 8 o?slt E‘e&‘égi‘g‘&f tnd
reference frequency.signal hg _oschld gto i fi.ciently | arge
at atinme [err]ﬁ‘?ﬁ&eﬁggqﬁgﬁ%yhdi |ggpd5ib0%hiéfgpggq?8§$g§§6nd toythe )
reference pul se 13idid'se"'edtt time the signal level to be supplied from

The operation of the oscillation detector 10 will now be descri bed mﬁé%:;h -
e'”‘\'v’s
S

10 the frequency divider 5 te a line 19 at and after a time
th,7the capacitor C, is supplied with the low level
signal. As a result, a signal is generated on a line
121 which is shown by a waveform E in Fig. 3.

In a manner to correspond to the low level

15 signal on the iine 121, a low level signal as indicated
by a waveform F in Fig. 3 is supplied by the inverter IV,
to a line 122.

" The low level signal supplied by the inverter
IV6 is the oscillatery eperation detecting signal ef the

20 escillator 3.

In erder that the escillatory eperation detecting
signal may be changed from the low to high level befere
the output veltage VCL of the voltage regulater 2 has
drepped to the eperating lower limit veltage of the

25 circuit, such as the cleck generator 11 or the level
shifting circuit 12, as a result ef the oscillatioen
interruption of the oscillator 3, the resister R5 is
connected in parallel with the capaciter 013.



< Suppl i ed through the waveform shaping circuit 6. As a result that a .
<§§gdeternined nunber of reference pulse signals are applied after the tine- .

, a signal, which is nade to have e low level at a time 15 [err] as </,

i ndicated by a waveformB in Fig. 3,771s supplied fromthe frequency divtgpr )

Stoaline [err]xg WQ.Q@!%S?@{&E gsratjihlta;q% ?}&ng&e%ﬂﬁﬁ an inpu

si gnal whi ch becones incoil nciden or suc perio S determ ned

by'3 dalcIn Nuition3 $8 G W r RHY (Al IMReihdedy the resistor

R4 and the capacitor Cl2. As a result, the exclusive cuit EOR
gener aiftera theyeiarviing) statd hasiegidddsy dine &tep EOwWrP G iG¥IIdSPONdi ng to
the delay time period. By neans of the high |evel signal of the 25 -
excl ush Vs @Rde rteuiautedaticadlly-restbre ithe atdartdhg stete, conductive so

t hat the output signal of the inverter %err]q is made to have the | ow
12vel . As a resulThe finequency Wddvides % andotitiectleickh generiator evel si gnal
of the invert&r Ie&H t hrough the M SFET QL7. This M SFET 5 QL7 is

r enderidd 8¥&n Hetadlodny Fd€acSenith the fact that the output signa

of L1 excl usive ol Sl InoERRarT RS Sl it o2 S
i e (288, [roR b SAND, SLrGuP R, "ko 367 Bd 0 eRARFE gl e i th-
e BB Sl AR Lag® 9 ) cobdll SEBROR 00 1L
10V | @ilcuits. The latch circuits LA; and LA,, the NAND

eircuit ND1 and the inverter IVé together constitute a

start centrel circuit.

) By means of the latch eircuit LA,, the high
level signal on the line 19 is deemed as a set signal,

15 and the high level signal on a line 110 is deemed as a

- reset signal. Likewise, by means of.the latch circuit
LAZ, the high level signal en a line 123 is deemed as a
set signal, and the high level signal on the 11ne'122 is
deemed as a reset signal., ' ' ,

20 When the battery veltage supply VSS is connected,
the respectiﬁe flip-fleps FFl to FF16 censtituting the S
frequency divider 5 are respectively reset by the high |
level signal which is supplied through the line 112 from
the time adjusting circuit 13,

25 The lateh circuit LA1 is set by the high level
signal, as indicated by a waveform B in Fig. 3, which is
supplied threugh the line 19 from the flip-flep FF 5.

The lateh circuit LAZ is reset by'the'high level
signal, as indicated by a waveform F in Fig; 3, which is



15 signal on the line [err] a |low |l evel signal as indicated by a
waveformF in Fig. 3 is supplied by the inverter [err] to a line 122. Th

I Qw level signal supplied by the inverter [err] is the oscillatory
Operation detecting signal of the 20 osci LLator 3. In order that the
oscﬁ#(atory operation detecting signal may be&“changed fromthe low to high

Lo Che onor o b NAEDAGS ¥l Atpl 8 YOlck Ao L84k Rl 21 af1BA%at} G0RSY
cl ock generator 4pl Oistgeﬁ k, SQhE gnﬁirCUh%cﬁzisaﬁ ?iféﬁlfraﬁ the
osci |l ation |nterrupt|on of “the’osci| | ator € resist err] Is

connected in panatesl deE%i%hQAPakﬁcht &nbeﬁr , has-2fe Dswaleeell &t thethe
oscillating operatlon of the os i1l ator S terrupted as in the case

i medi ately aft th startln S ended t he,stepgdown,circuit 1 is
made to automat iR Foredol %§§3$W ﬁg“??&?grmSH 18 ng' 3« The

frequency 5li vider 5 awgf hQ %I ?@%&Pgégkﬁr iingrizgeﬁ&? %ﬂediﬁa'ieVﬁkF'g

4. The cl ock generator conmpri Ch G Feunt 5 to[ée

circuits [err] tg# ngbﬁ%%dt%”th@vﬁrs@ﬂl@ﬁo BﬁGt&letiEBe 3art5g circuits LAl

to LA4 consists circuits e latch circlits [err] and

[err] the NAND @scidliation Heteétore 1004t thle t¥iel Qg‘[ﬁt Ber ipanehtedt 8ta
start control circuit. By nmeans of the latch circuit“[err] the high |evel

signal on the | Ia’[’ H;] gfgri'egﬁ'ggei&%a % sq:theshgq h c}.?'cui%niAtzh(ishi gh | evel

signal on alin
released from its reset state. As a result, the set

10 :
signal is not supplied to the line 123 at the time t3,

and the signal en the line 12& is held at the lew level,

as indicated by the waveferm H in Fig. 3.
At a tine_ts.one'sgebnd after the frequency divider
~— 15 '5 has started its frequency dividing operation, the non-
inverting output of the flip-flop FF16 is changed from
the low level to.the'high level, as indicated by the
waveferm C in Fig. 3. The latch circuit LA, is
correspondingly reset. |
20 . A NAND circuit ND; has its twe input terminals
receiving such signals as are simultaneously made to have
the high level only for the delay period of a NOR circuit
NR, ef the latch circuit LA. -
The result is that the high level signal indicated

25 by a waveform G in Fig., 3 is supplied to the line 123
through.an inverter IV8 from the output of an NAND circuit
NDl‘ _ .
The latch circuit LA, is set by the high level

A

i)



gnal on a line 123 is deenmed as a set signal, and the high |evel signal --
“the line 122 is deened as a reset, signal. 20 Wen the ./,
battery voltage. supply [err] is Comlelted, the respective flip-flops FRl,to

FF16 constituting.the frequenc Lvid 5.3r espectively reset by the

hi gh  dgnal, aﬁa%'\ﬁnﬁém Loy, %@&‘i %&ﬂsﬁhéel"ﬁﬁesiﬁairsﬁq the tinme

adj usti i [ 25 ' e | h_ql i r is set by the
high | Soaicate afb,lfl}?% Yavetorn g iz T o %938.3#%52355 %8 Fheln Te
suppl i qdplehhQugh the line [err] fromthe flip-flop FF 5. The latch circuit
LA2 is reset the high level signal, as indicated by a waveformF in Fig.

3, which is  The3Qows LeRlelcGilghadueh the Nine iég foAee@qosci | I ation
detector 10. As a result, the signal, which is sépplied fromthe |atch

Ci5r cui tas_ &2 sttart ingnatate indizcating lsawnladyel at the tine tog as indicated
by a waveformH in Fig. 3. Wen the signal on the line 122 has the | ow

| evel in respofhe cdock: pulsies dt1i'ort0ddt ceutputty from. NANDI | | ati on det ect or
10 at the tinme [err], as indicated at the waveformF in Fig. 3, the latch

ci r cui cipanits ngea;geanfpomeﬂpscfféy@ﬂbt sdmultengensdyl havehe set 10
signal s t sypplied to the line 1 at the ti| err], and the signal on
t he |i$§e1ggspsiﬁ§Fh Pﬁ@°ﬂ9®qq§véﬁ§ha§hﬁh&¢€ giakb?t%ﬁé waveformH in
Fig. 3., AL a,tine _t5 e second after the frequency divider 15 5 has
starte&n@éfaﬁﬁgﬁh§h5§ggvviding operation, the non-

10 The clock pulses ¢,' to d3' are supplied through

(§§set signal. Likew se, by neans of the latch circuit LA2, the high |evel 5

the level shifting circuit 12 to the switching MISFETs
Q1 to Qa of the step down circuit 1.
When steady operation is indicated by the fact

that the signal on the line 12# has the high level, the
15 cloek pulses ¢,' to dj' are changed in the following "/
manner, ' |
The output signals at the nonsinverting'oufput
terminals of the flip-fleps FF3 to EF5 of the frequency
divider 5 aré illustrated by waveforms A to C in Fig.5.

" The NAND circuit ND5 generates by means of the
connections shown in Fig. 4, the clock signal in phase
with the output signal of the flip-flep FF5, as indicated
by a waveform G in Fig. 5. _

25 _A latch circuit LA3 generates Such a signal as is
indicated by a waveform D in Fig. 5 in response to both
the non—in#erfing output signal of the flip-flob FE3 and
the inverted output signal of the flip—flop circuit FF5.

A NAND circuit ND, generates such a signal as is
30 indicated by the waveform F in Fig. 5 upen reception of



imverting output of the flip-flop FF16 1is changed fromthe |ow level to  a...
the high level, as indicated by the waveformCin Fig. 3. The latch cinmﬂé’}y
[exr] is correspondingly reset. 20 A NAND circuit [err] has its
two {nput terminals receiving such signals as e sinmul taneously made to

ot oh ci rcurt 8 A 9?-4&48@&%?3 EBuRletEhath 8f PabcPLEbCRoD ClFadind s

by a maveforng@ 3 is supplied to the line 123 through an inverter
[err] fromth utput o# an NAND circuit [err]. The latch circuit LA2 is

set by the high |evel "ELrgfithADLi 18 ddgp30ed Rt hend alpev e

signal as indicated by the mave ormH In is supplied to the line

[err]. The | owilgnedls difgRhk Qati:ﬂeclraﬁi‘l:ZﬂAbSaﬂQeﬁRd BAND esreusbt aNDjng
state indicating signal. The clock pulses [efr] to [err] output fronT NAND

circuits [®rrlando ther NANDespectiteND isnauppm&edshythathetMutpmghsignal in
accordance with the starting state |ﬁd|cat|ng signal. 10

clock pul ses [odF rthet ¥ANDr cirandtsNpg Bedthatoaghht accleck stsmlu#@' c@ﬁ cuit
12 to the swtching M SFETs [err] tQ [err] of the step down circuit, 1. Wen
st eady oper at ¥ indicakedab¥dapyavelorncH 4ﬁaFi$he5545naPtB“ttﬁ§°$|Fk@124
has the high | |, .the %lﬁﬁk pulses [err] to [err] are changed in the
fol | owi ng manMHAND ‘circui 6° _ '

Likewise, a latch circuit LAa generates a
10 signal as is indicated by a waveform E in Fig. 5 upon
reception of the non-inverting output signals of the flip-
flop circuits FF3 and FF5. .
The NAND circuit ND7 generates a clock signal
‘3' as is indicated by a waveform I in Fig. 5 in response
to the output signals of the latch circuit LAA and the NAND
circuit ND,. _
By means of the clock signal ¢1' of Fig. 5,
the switching MISFET 03 of the step down circuit 1 of Fig. 1
is rendered conductive during the period of t,, to t43 of
20 one period t1° te t16 of the clock signal.
| The switching MLSFET Q, is rendered conductive
from the_time after the time period Z1 has elapsed from the
time ti0 and is rendered non-conductive at the time t12
which is earlier by the time period Zé than the time t13.
25 The switching MISFET Qh is rendered conductive
for the time period from the time t13 to the time t16'
The switching MISFET Q, is rendered conductive
from the time aiter the time period Z3 has elapsed from the
time t13 and is rendered non-conductive at the time t15



e output signals at the non-inverting output termnals of the flip-flops *
G%ﬁ?-to FF5 of the frequency divider 5 are illustrated by waveforns Ato C -+
«Fig.5. 20 The NAND<3 rcuit ND5 generates by nmeans of the ut\J?
connections shown in Fig. 4, Thé@2Mock signal in phase with the output \_
signal of the flip-flop FF5, as indicated by a waveformGin Fig. 5. 25
A | at ciwhdichc dist efanldlerydyetheetimecpexiodgZy then ghendivet ed by a waveform
Din Fig. 5 in response to both the non-inverting output signal of the
flip- fﬁqgoFFB and the inverted output signal of the f||p flop circuit FF5.

A NAND ND t h I 30 ted by th
\/\/<aveforﬁ1I Ir:C:quﬁ %18’53'? atﬁécsuceﬁa' Pris 93311 tﬁ’@ r%w %vg?t?ng gut pﬁt
I f, th fl ts . FFE FE4 t ND3
suppl i 39 t ‘[la ]eﬂ# ST @?f R E& é&c@f | S b RRgVERE 'sﬁc-z'ndhte he 'tNZNtD
r cui err]y, UI | ut pu
? I gnal of theA cﬁ'}cﬁé‘[ u?erlin] %Ce at’ sucersl ca i@s‘;}@ghgl E[ err] gs S
| ndi cataary? M0 EHerRided) by &héﬂr%ﬂ&ﬁowf wa@%nwg% i rcuit ND6.

Li kew se, a lFatch circuit LA4"generates a 10 signal as I1s 1 ndicated by a

wavef Olgiirirent Kok cutpRit) cu@gebit o OftHe dattery\eid the @dmeut signals of
the flip- flop circuits FF3 and FF5. b The NAND

ci rcui tpels@bdgendozt cthen identd callgcapacitances ias batteryt hevitnga wavef orm |

in Fig. .5 in response 15 to the output signals of the latch circuit LA4 and

the NAdDlangenx eledtromotive force will have a larger storage

10 energy. The electromotive forée of the silver oxide
battery is about 1.5 V, whereas the lithium battery
has an electromotive force of about 3 V. Therefore, the
lithium battery has a storage energy per unit volume
about twice as 1arée as that of the silver -oxide battery.

15 In the case of the alternative form, where the step =
down circuit 1 is omitted, the voltage'regulator 2 is
directly supplied with the voltage of the battery power
supply VSS’ In this case, by the use of the voltage
regulator 2, such currents based upon both the through

20 current and the charging and discharging currents to and
from the capacitors as aré to be consumed by the respective
circuits to receive the output voltage of the voltage
regulator 2 can be reduced. HoWever; a current
substantially equal to that which flows through the

25  voltage regulator 2 wiil flow through the battery so that
the characteristics of the lithium battery having a high
storage energy cannot be'sufficieﬂtly utilized.

By means of the step dqwn circuit 1 and the voltage
regulator 2, the current to_be supplied from the lithiﬁn



By neans of the clock signal [err] of Fig. 5 the swtching M SFET Q of > L
step down circuit | of Fig. | 3 is rendered conductive during the perio v
[err] to [err] of 20 one period [err] t()i£3d]-(ﬁ the clock signal. The
Switching MSFET Q is rendered conductivefromthe tine after the tine
peritod [err] has elapsed fromthe tinme t10 and i s rendered non-conductive
at the time t bakitery camatie gredicethcta T2 pf ithe sunnent which flows3. 25
The switching M SFET [err] is rendered conductive for the tinme period from

the tine t13 dFomndhe yoltege megulatomid o therelgctnonia rinapit

ducti f t.he ti ft the ti iQd Z I d f t 3
TRaTAS" o 48 SRR TG, e rdFagar S Se WL, | o

[ by the,ti i od Z4 .t t t] : di nql t.
Cndesired’ri o &, VpEaas fretintih 2 hdd e sildcad 0 G Bate dF the

t 5 ' [l k [ t CJ
Pattery 12 qePBthery, vl Vagn,c otk desifts the MR HERA ©
current) of i@itaidetnogihdic 3 |din RY 1 huddd, ! It | 4 Gy GaRE t ance,
e a arger s

a battery having a-larg ectronotive force w1l ve a torage 10

energy. The elgel ot Ve léXe Srdife L@l 0 g% Rifdrdted Surdiita 1.5 V,

whereas the lithiumbattery has an electronotive force of about 3 V.
Therefore, thdow Moltagetirerthéasicirity agf the'aperetingi lowerr imihout
twice as large as _that of the silver oxide battery.

: voltage by the voltage regulator 2. As a result, the

10 power consumptions of the respective electronic circuits

can be reduced.
By using a lithium battery, it is possible to provide
an electronic watch having a low power consumption and
thus increase the life of the battery more than that in
. 15 cases where a silver oxide_battery is used as the battery.
Moreover, since the predetermined switching MISFETs
of the step down circuit 4 are simultaneously rendered
conductive at the starting state, special switching MISFETs
are unnecessary.

20 Furthermore, the step down circuit 1 contains no circuit
elements which have a relatively iarge size and complex
construction e.g., an inductor, Therefbre, the step down
circuit 1 is suitable in such a device, e.g., an electronic
wrist watch which is required to be of small size.

25 A second example is shown in Fig. 10. a capacitor
C3 having a relatively large capacitance is connected té
the output terminal of the voltage regulator 2 through an
external terminal P11. The other circuits which are shown

in Fig. 10 have the same construction as those of the



1

. 15 ' In the case of the alternative form where the step down

ircuit | is omtted, the voltage regulator 2 is directly supplied with t@?
(g%ttage of the battery power supply [err] in this case, by the use of the>— =~
1 tage regulator 2, such curreu1§5based upon both the through 20 /

current and_kgg“gn I ng and di scharging currents to and fromthe
Capacp{iyyts “ﬁﬁg oW AN gy 4,he respective circuits to receive the
out put vol tage the voltage regul ator 2 can be reduced. However, a

current sulfhHeaddpdditord ilsopirioatided oy fthewFolllowigg t he 25 vol t age

regulator 2 will flow threugh the battery so that the characteristics of
t he Inddsomm.battery having a high storage energy cannot be sufficiently
utilized. By nmeans of the step down circuit 1 and the voltage regul ator 2,
t he currentin dhee volhisge: aregudatore shown dm Fig.340 gdwet sopterad be reduced

to 1/2 if the current which fl.ows fromthe vaoltage regulator 2_to the
all ppreend: flome the

Sel ect’ﬂﬁﬁh E;I (91rzpl§9t3 :% ﬂ%@é’ﬁ;&blﬂ“ : j , it °P6hbebappl i ed
5
%& Eé’ev’%&ét? it nak o syt e aly B dpBegaBetn. bR o egul ator 2 can
oper Ty e baintk 3 B Wbnerbed” o SeRRE Y Bedds” e, i
vol t age ¢ tl%e\imsﬁi%i%@imitz:zm ‘I%@chfigféi‘:f ajpower consunptions
electrohic circuits can be reéduced.

of the respective el _ : y using a |ithium
bat t a1 i1 erS 200 Yoth ConBtitAtig TheSvoAltapd ¢epildtora\d agred | OW pover

“consunption and thus increase the life of the battery nore than that in

10 changed at relatively low rates partly because those
circuits 22 and 20 are operated by the small currents,
respectively, and pértly because capacitances such as
parasitic capacitances exist at br are coupled‘to the
respective circuit modes. .

15 On the other hand, a consumption current as is
determined by the through current and by the charging and
discharging currents to and from the capacitance flows
through the frequency divider 5, the waveform shaping
circuit 6. That current to be consumed by the circuits 5

20 and 6 is relatively quickly changed in a periodical manner
in accordance with the operating states of the circuits 5
and 6.

As has been described above, the voltage regulator
2 has a relatively low operating rate and a relatively

'25 high output impedance so that the voltage on the line 13
is relatively quickly changed in accordance with the
operating states of the circuits 5 and 6. The fluctuations
in the voltage on the line 15 cause an undesired

interference amongst the respective circuits which are



15 cases where a silver oxide battery is used as the battery. Moreover,
since the predeterm ned sw tching M SFETs of the step down circuit | are

sizpul t aneously rendered conductive at the starting state, special swtc o
M SRETs are unnecessary. 20 Furt hermoB€, =t he step down circuit 1
confﬁjns no circuit elenments which have a relatively | arge size and conptex

constructi on €edluml 8'0ied Ol gne TREr €f Ore, the step down circuit | is
suitable in suc%‘%?;vil:ce e.g. ,ean3el ectronic wist watch which is

required to be of sneft ghécea ;-:c’écitor 6352601913001&&!.91:!15 stip¥dance Bg. 10.
A capacitor C having a relatively |arge/capacitance Is connected to 3 the

out put term nathé@flide Yol é@gcbe cguffiotently pedliced sut thatlther m nal
P11. The other circuits“which are shown in Fig. 10 have the sane

constructi on asmdésirmedfinterferense-canrbe prewphtedhown in Fig. 1. The
capacitor C3 is provided by the follomnng reasons. In the voltage regulator
shown in FPg. 10 the Acthird xampMeSFET: sglahnun inrBigei 98by IRathigurrent
flow therethrough so that it has a relatively high_inpedance. On the other
hand, the si gnspcgrr@debe gtherate‘aib%z@ﬂeppsspeeuppémsa@suét €aR reduce

shlftlng circu fferen i fier 20 both c nstifuting the
vol t age regul a ‘é 1 Peéﬁ%ﬁﬁeﬂigg°PgnEPFFSP§ ing, 8t8§ iy because
those circuits 22 a e oper at ed t he s urr re ively,
and partly becEEER fh%géi %%Bﬁ°££xﬁara§| Eépac iﬁ?gé at or

are coupled to , the construction of the circuits other than

10 the step down circuit 1 and the voltage regulator 2 is
identical to the two previous~e:sgngéggk shown in Figs. 1
and 10. Accordingly, an explanation of the circuits other
than the circuits 1 and 2 will be omitted.

In the third example, the step down circuit 1
“~ 15 end the voltage regulator 2 are integrated, as will be
apparent from the'following description, Specifically,

the capacitor 03, vwhich correspohds to the éapacitor C2 |

connected to earth is connected with the output terminal

of the contrel MISFET 014, which forms part of the voltage

20 regulator 2, through the external terminal P11. In other
vords, the circuit of this third~e;§:€;;5$¥ is equivalent
to that which could be_constructed by eliminating the
capacitor 02 and thg termihal Ps.from the circuit of the
second aiﬁzazﬂski shown in Fig. 10.

25

The opefatinns of the circuit according to the third
example Wwill now.be described in detail with reference
to the dircuit'diagrams shown in Figs. 12A and 12B which
illustrate the operating brinciples thereof,



3

. respective circuit nodes. 15 On the other hand, a consunption . °
(gérﬁrent as is determined by the through current and by the charging and ;;
‘scharging currents to and fromthe capacitance flows through the - T e
requency divider 5, the wavefornu.sggping circuit 6. That current to be/
consunmed by the circuits 5 20 and 6 is relatively quickly changed -in a
peri odi cal FAghne2Ai plhastratescthet state, catrvhicly thetes of the circuits 5
and 6. As has been descri bed above, the voltage regulator 2 has a
_reIaHlBEE?sIG*/apér@%iageraendenddaponduct&véy 2Bhe swibches put i npedance
so that the voltage on the line 13 is relatively quickly changed in
accoPgnerd\f¥y ane epunected teatheinfEiandcHreemtactsand 6. The
fluctuatiogi %g t he voltage fn the line 13 cause an undesired interference
anon§eEPeREivelyect THe eaPReiteranfenaBicly arezgonnegtpfelnio the |1ine 13.

Bt i??ri%??ﬁﬁfé’{ﬁdeiﬁﬂéoéﬁnﬁr3¥Lﬂf%ﬁﬁki‘ﬁné.ﬁ?‘;ﬂ%%?eﬁ%aﬂ%h”ﬁelpgi‘?eﬁfgd. 5
A thi . . i : A

L EbETERATBY e ! BaERRNY YiiEAle ddpplf VL2 SKATBAG | (he steblllzed
ext epRap ?@%n%?éfﬁtfaartEﬁeCégaﬁfafrﬂlﬁfﬁghaa#CiSIPeﬁgéfeah'rd exanpl e, the

construcF e cifcuits other tha e step down circuit 1 and the
vol t 3g@bstaAtial by HohsScoB@iEtede by theé dUBpREcyfOtRe €xanple shown in
Figs. | and 10. Accordingly, an explanation of the circuits other than the
ci rcdifferentia? smpliPiternOtwhen the charging voltage of the

10 capacitor C3.reaches the reference vb;tage. As a result,
the capacitors C1 and 03 are charged with substantially
equal charges. |

On the ether hand, Fig. 12B illustrates the state,
at which the MISFETs 02 and 04 are rendered conductive.

15 The switches SW, and SW, are comnected to.their F and G ~
contacts, respectively, so thﬁt the capacitor-c1 is
disconnected from the battery voltage supply Vgge At this
particular state, the capacitors C1 and C2 are connected in
an identical polarity substantially in parallel_with each

20 other through the MISFET Qe In this paréllel connection,
the capacitor C1 is connected in parailel with thé capacitor
C5 through the MISFET Q,, so that thé.charging voltage of
the capacitor C3 is maintained at a constant voltage
irrespective of the current consumption of the electronic

25 circuit. | |

Since the capacitor 03 is connected to the.output
terminal of the voltage regulator 2, the output impedance
of the power supply circuit can be sufficiently reduced,

and the fluctuations in the ¢qnstant output!voltage can be



regulator 2 are integrated, as will be apparent fromthe foll ow ng
dgscription. Specifically, the capacitor [err], which corresponds to th
Capacitor C2 connected to earth is connected=wd8h=t he output terminal of

t he ntrol M SFET [err], which fornms part of the voltage 20 regulator 2,
t hrough the ext eregmcedr tonal 1pwilevel simdlamotasthenelrenddi ofotheni s
third exanple is effoswe to that which could be constructed b
elimnating the M sheynain FAg.t dPwi nMpTeever, siBget HBXZi theit of
t he second exanpl,e shown in_Fi

.1 25 he operati ops t he
circuit accordin oefﬁérpﬁ?rﬁggﬁﬁgﬁPE: aﬁFIP“ﬁS&PSSn egeriggﬁ iﬁ'ngﬁil
with reference t I rQuit. dj ' L.0S,...12 1 '
illustrate the o%&%&gﬁ g°§$ﬁ%€i %ﬁgg&gﬁtw E§7§eﬁ'}gﬁ"%?§1i %EB???%?%%
t he state, whizeh e F ekk] 3@n egl d Ch
The swi Fche? [ er rifl ;‘%‘% [cgrk r§] ggraggcgﬁnégt egb?' %EthhglaraEagggeﬁ %ggtﬂggt is'?jfte‘i
respectively, Thﬁma.ag ebackcelf.3Nd tRAAl type e2BBerbfdci Uristi Ratch.
through the control M SFET [err] so that they are charged by the battery
vol tage supply [err]. In Th thehsigcadtophbwhi 9A, Fige a4t iel ibl prefefredi s
rendered substantially non-conductive by the output of the differential
anplifier 20 wheferhdhehfodlowing regsonf that theceapabimor[Gﬁrhaseaches
the reference voltage. As a result, the capacitors [err] and [err] are
charged with sub e cppegitanchathen. capacdter Baad, Fig. 12B
illustrates the state, atmﬂhich the M SFETs, [err], and [err] are rendered

e timin

conducti ve. g'pulses ‘1 to d3 have the high level
similar to the circuits shown in Figs. 1 and 10 by the
high level of the oscillatory detecting signal, which is

supplied at the start to the line 1,,, so that the

Ln the third exanpl e, the step down ci rc'uit 1 15 and the voltage -

MISEET; Q,, Q, and Q3 are simultaneously rendered

15 conductive by the timing pulses d1 to ¢3 at that high
level whereas the MISFET_Qh is rendered non-conductive.
As a result, the battery voltage Vss is applied directly
to the voltage regulator 2 so that the capacitor C3 is
charged at a predetermined constant voltage. At this

20 time, the capacitor C1 is not charged because the MISFET
Q2 is rendered non-conductive, as has been described
above, As a resuit of the fact that the capacitor C1
is_not.charge¢ during the starting operation as in the
above, the circuit performs the following undesired

25 operation only during a predetermined time period after
the start has ended., Waveforms A to E in Fig. 13,
respectively_illustrate the signal at the line 12&
(which is shown in Fig. 4) in the clock generator when



15 The switches [err] and [err] are connected to their F and G contacts,
qgﬁpectively, so that the capacitor Cl is disconnected fromthe battery
c

tage supply Vss. At this particular state, the capacitors Cl and C2 are’

nnected in an identical poIath§9snbstantiaIIy,in parallel with each.20
ot her through the M SFET Ql4. In this parallel connection, the capacitor

Cl i sthenbattefyi voltage! supplyhishcommeeted oat Céhé htimgh the M SFET [err]
so that the charging voltage of the capacitor C3 is maintained at a

const ¢qt and| when theecsparting statécisuended sbtrtheptime of the el ectronic
25 cirCuit. Since the capacitor C3 is connected to the output termnal of
t he vtbtaﬁbereéqcktnulegstﬁ btotgyi enpethecoutputheolbege alipply circuit
can be suff|C|entIy reduced and The fluctuations in the constant out put
vol t afBec¥plbage reguleteri8.a fow level simlar to the circuit of the

graour ﬁ??ﬁr s pt! Eéiochvtlﬁéf £fhi, FheoF1enel dﬁﬂfﬁﬁﬁﬁaﬁétﬁrii' yZ?ETﬁQE? LZ

rount Lk Epotbe hish"SePRECal EAE bt PoPiing e 8cR BRKREE RO OT (¢
h 1 f | h h

iaggg aﬁ?gfﬁ]&ﬁa§a§|§%§§?e cgg%c?i %& ?35%9¥%e capaC|?o£ 2; tlg

The t3gyee pﬂhsfﬁdiéétkdtﬁy[ﬁﬁé]wa@éf@rﬁgechbﬂ& be16|F§%”1+91 to the

circuits shown in Figs. 1 and 10 by the high level of the oscillatory
det ecasng ﬁeﬂﬁhtf thechwitching! MESFBTst b, so randoQj herei ne [err] so that

the M SFETs [err] and [err] are sinultane us rendered 15 conductive by
10e trenderedl non~fondhctive grwhereashthe hswbtching MISFET
Q; is rendered conductive.
Next, when the clock pulse ¢, has the high.level
at a time tg, as indicated by the waveform C, the line
12 is supplied with the voltage of the battery voltage
15  supply Vsé through the MISFET Q,, the capacitor C% ~/
having at that instant zefo capacitancé,'and the MISFET
03. In this case, since the capacitor C3 is charged in
advance during the starting operation, no more than a
relatively small charging current flows through the
20 capacitor C1. Therefore, the voltage across the
capacitor 01 can be deemed to be substantially zero.
As a result of the fact that the clock pulse ¢2
has the low level ﬁt a time t7, the MISFET Q1 is rendered
non-conductive,
25 if the MlSFET Q, is rendered conductive as a result
of the fact that the clock pulse d1 has the low level
at a time tg, the source of the MISFET Q, falls

substantially to earth potential through the MISFET Q,

]
L ]

-



| avel whereas the M SFET 4 is rendered non-conductive. As a result, the
battery voltage [err] is applied directly to the voltage regulator 2 s :

this20 tinme, the capacitor Cl is not char@@d-because the MSFET @ is
render ed non-conductive, as has been descri bed above. As a result of the
fact that the. cammd tthe capgcitomdy shdiche @tadhaity ingdantabesng operation
as in the above, the circuit perforns the follow ng undesired i?‘@
operation only diuRfFantialdst aeronsepacitance.cdtathds timeq; has

ded. Wavef or i n.Fig.,.13, tively iJl t he _signal at

the Iine 124 (whMiSHEY Sahaeits grady o sukplied: pidtn I sitplen -

39- the batt [ [ t |

starting otare | SRR ¥ e (CpetideA ¥ Mokl R Chotioy'MRBERE |
dth teput t f t Fi t [,

by raising The oMo ish LR Bpd Mhacede on Junction (153 the X

the clock pul ses dy@i#r RftbtRid) Bdtviden Ao ldrains T dnd d subdtvatle have

‘the low level, as indicated by the waveforms Cand Din Fig. 13. As a
result, the sw t gty SUBHE biased iancHe forward Hirectiotireds a result,
non- conductive, whereas the swtching M SFET Qis rendered conducti ve.
Next, when the cltluk ghdrgeg estdrédsin Hhehicgipaciter &, ane ddgtaituted
i ndicated by the waveformC, -the line 12 is supplied wth the voltage of

the battery vol t & the wapacitan (G, ithrangh tthe dradar junayion hetwaenci t or

C having at that instant zerq. capacitance, and the M SFET
J 10 the contro %&ISIPET Q.' 4 and the switch%.ng M1SFET Q2‘ in

other words, the voltage supplied to the line 15 starts
to have even its absolute value reduced, as indicated
by the waveform E in Fig. 13. | |
1f the clock pulse d3 has the high level at
N 15 a time tg, the MISFET 02 is rendered conductive as a
result that the p-type well region (although not shown)
below its gaté electrode is formed on its surface with a
channel region. As é result, the charging voltage of the
capacitor 03, i.e., the voltage on the line 13 is further
20 reduced, as indicated by the waveform E in Fig. 13.
If clock pulse ¢, again has the high level
at the time t1°, the.line 12 is supplied with the
voltage of the batterj.voltage éupply VSS similar to the
circuit operation at the time tg through the MISFET Q,,
25 the capacitor Ci having been charged by the charge
distribution, and the MISFET 03 so thatthe charging
voltage of the capacitor C3 is again raised, as indicated
by the waveform E in Fig. 13, to the level which is

<,
NS

that the capacitor [err] is charged at a predeternined constant volta i



L4

@3. In this case, since the capacitor [err] is charged in advance during,:
Re starting operation, no-nore than a relatively small charging current, ,
bws t hrough the 20 capacitor Cl. Therefore, the voltage across the ~—~

~ capacitor [err] can be deened &#olffe-substantially zero. As a result o~ he

fact that the clock pulse [err] has the low level at a tinme [err] the

M SCETatththahia! 3U5hE CHARRFRRAGLLLS, oF tpe vostabh Lo M STET O 1

rendered con as a resu e fact e~Cl ock pulse [err] has

the | tpa time t8, the source of the MSFET [err] falls
QF&#@*ﬁioﬁ g ; .
substantTally tozearth potential through the M SFET [err]. . 40 and the

capaci tor [err]Hbi giuatubfibnsnshatheehaFgdhgavbl ekl 827 theapaci tance.
At this tine, the MSFET Q has its drain D supplied wth the out put voltage

of thecap@éstéspr CLeare rbdaved,t hs tndicaltelll ByEtne wavefo¥mand the line 12
so that the pn juriction (i.e., the drain junction) between its drain D and

a SubsErtm eFigt e13)Bbysrepeatdngnthee sivitechingdioperatdonsfefa result, the
charges stored in the capacitor [err] are distributed to the capacitor Cl

t hr ougthe MSISFETNQj, uhot Agnbecawsenthe chargescod: the LRBAETtORrr] and the
switching M SFET [err] In other words, the voltage supplied to the line 13
st ar t sC4 caneveradualiysinprensed.val ue reduced, as indicated by the

waveformE in Fig. 13. if the clock pulse [err] shas the high | evel at 15
atime t9, the WREREthe VpitagrdeRctheotdne: Lye 18sTedbEedl t thBat the p-type

el | rHe (BLENSUGBLt 08" 0hePSh Hapho alah o TRY 145e' 2, 0T 0N 113
10 is substantial, a probiem arises in that the Step down
circuit cannot again be brought into its starting state.
In the third example shown in Fig. 11, the
capacitor C1 does not have a capacitance'equal to that of
- the capacitor Cs but has a smaller capacitance than that
15 of the capacitor 03. As a result, the charges to be
distributed from the capacitor C3 to the capacitor C1
immediately after the start has ended can be reduced
so that the voltage drop across the capacitor 03 can 5e
reduced, | ,
20 In the case where the capacitance of the
capacitor 01 is made smaller than that of the capacitor
C3, the following_advanfaée results._In_thé normal
operation after the charge distribution from the capacitor
C3 to the capacitor C1 has ceésed, the capacitor has a
25 relatively large charging voltage as a result of the fact
that its capacitance is small, 1f the charging voltage

of the capacitor C1 thus has a large value, it can be

distributed at a relatively high rate to the capacitor



6hanne|-region. As a result, the charging voltage of the capacitor C3, s
i.e., the voltage on the line 13 is further 20 reduced, as indicated W
t e waveformE in Fig. 13. If clock pulse [err] again has the high level at™
the time t10, the line 12 is supplied with pbe_voltage of the battery

vol tage supply VSS simlar to the circuit operation at the tine t6 through

the M SFET [err] 2§, whéhethBePMESFETs Q4 haﬂ&nﬂhbﬁﬁé FEnd &IP6d yoridiec £iwe ge
distribution, and tfle M SFET [err] so tfiat the chargi ng voltage of the

capacitor C3 is agAsnarnesalit,aini theceasd Whetrbethavebbtage acrdsg.tHS8, to
the level which is 41 deternmined by the characteristics of the voltage
regul ator 2. The ftapacitoon€xi kst nedubedyi i centngetaretthe cvplitager C3
are reduced, as indicated by The waveform5 Ein Fig. 13, by repeating

the switching oper Shepeacpesshtonpstesired, yalug atrarebatively Righar ges
05 1o redbeed thoreter Lasidentally, ERE; napecitancCy. th Lestred The 15

20ai n be brought. | REcERREEEd Bhi 368 pRabRElabiCalbRle Wiledes Yoy AERS
The capaci tor [orr Front fomhel8Ed B0 s0RYEs v  ROEhE " RaBaEMG: €3, RE £5,

O or & 1o naEitbhe,  MEaESAOtRat kS ChphELbiLED HED Wimeon
be reduced so thatthéecapaéetordr Op 64065 becresbrseted tersuckag be

10 value as corfesponds to the ratio between the voltage
Ve, desired and the battery voltage Vgq.

In order to prevent those fluctuations in the

output voltage VCL which result from the fact that
the cépacitor_c1 is not charged in advance, it is

~ 15 conceivable that the capacitor C1'is charged at the
startiﬂg state. For this purpose, the internal
construction of the clock generator 11 may be suitably
modified such that the clock pulse d1 has the high
level whereas the clock pulses ¢, and dB-have the high

20 level at the starting state. However, even if the
capacitor C, is thus charged in advance, it is
difficult for the following reason to eliminate the
fluctuations in the charging voltage of the capacitor

| C5 after the starting state has ended.

25 In the case where the modification is made, the
capacitor C1 is charged at the starting state
substantially to the voltagé of the battery voltage
supply VSS‘ Thus, if the MISFETs Q1 and 03 are



reduced. 20 In the case where the capacitance of the capacitor CI'
~fmade smaller than that of the capacitor C3, the follow ng advantage o
sults. In the nornmal operation after the charge distribution fromthe- “~«
capacitor Cto the capacitor [err] has ceased, the capacitor has a 3 25~
relatively large charging voltage as a result of the fact that its
capacitance is small. If the eh&dgkng voltage of the capacitor [err] thus
has a | arge value, it can be distributed at a relatively high rate to the
capaci t orendered- copduicsa vehefVe8FERe SRaxtd ngy siader bagebegnconduct i ve. As

a result engddl,Neneaignéhqr € 15Neukph i3de w3thothel %l%a%@@dattor Cis reduced,

it can restore the voltage 3 thereacross to a desired’value at a relatively
high 5 SucChafelevedei defral BF, 3t RETCapEVELoAS d5r Peterdgddeded to be

char ged bghbhﬁtihabﬁhbseﬂeguhaubihglb@geabe;bk wmﬁhdabagatﬁﬁnneﬁted in
series wth_the acitor ClL _ It is er re, desired that the
capacita &effgpigﬁ efﬁégﬁttN@légﬁgcpgo%ge[EP%fe§HdvF&FFPebe restricted to
such a 18upplyl Wgoas @srmespsmds,t thehwoldiaige ot wben the vol tage [err]

desired paudatReoRakt ery wol tade bkt bR ¥hden i@ Rrevent those
fI'uct uat i ohs :inot he36ut1_gut voltg%e \é}%l? V\:{Ell‘l c?? resilt Bromthe fact that the

capaci t of IpEtRRtES Byt thRacdEsuilt 2Bexacdont is 15 concei vabl e that the
capacitor [err] isackargedeabodifenitablfi RieSpHeBentFAhvidhitiopur pose, the

ntengal 3 QOnRbNC nORi Furk T 4C! 0%k 1R2E" 2406+l LulbRh s nty! tably
it is considered that the impedance at the output
terminal of the voltage regulator 2 is sufficiently
reduced by the capacitor C3 which is coupled to
11 and that
15 the two capacitors coupled to the IC may be identical
to each other.

the IC through the external terminal P

As a result, the assembling of the
electronic watch can be facilitated. _ N/
A MISFET Qg is connected between the
20 common node between the switching MISFETs Q1 and
Q, and the terminal Py, and a MISFET Q34 is
connected between the external termin;l P3 and
the line 13. : _
The MISFET Q3q has its gate supplie
25 with a waveform A shown in Figure 15, with a start
control signal A which has an amplitude of - Vgs
and which has the low level (i.e., - VSS) when
the starting state of the power supply_is ended.
The start control signal A can be prepared by

30 applying the signal, which is supplied to the



nodi fired such that the clock pulse [err] has the high | evel whereas the
clock pulses [err] and [err] have the high 20 | evel at the starting
stiat e. However, even if the capacitor [err] is thus charged in advance,

is difficult for the following reason to elimnate the fluctuations in the
charging voltage of the capacitor C3 after the starting state has ended. 25
In the case where the nodification is nagg, the capacitor [err] is charged
at the starting state substantially to™t voltage of the battery voltage
supply [err]. Thus, if the MSFETs QL and B are - 43 - rendered
conductive after 1lhmest rtoﬁgthéabérhaitbeénFegded 4, htol the level is

supplied wth the ng%@gé ?%réﬂ Q ghngekptalgurfag a zero level as is

det.erm ned by subfrac the capacitor 5 Cl1 from
the output voltage of the bﬁh@eMiSF§Wt§gg béﬁplys[eﬁFF suppdigdrwitht the

vol tage of the CaEﬁelgear€3coht9o1tBsgﬁahtageheaugheahlmﬁvéstékusnuates by
the circuit operatjon, Afirst e oaﬁnent of thehg gsen |nvegt|on
S

‘shown in Figure 1¥hifh £fj SPeFRte G8FL¥: bY; £ eEhEF YV BYTRAS! the

I npedance at the supplby vepuwinal of the voltage regulator 2 is sufficiently

reduced by the capacitor ?ﬁgigﬁghglgougbgghtRaggethg%gh?gygp t he external

termnal [err] and that 15 capacitors coupl € o may be
i dentical to eachsbifited ne &heeygﬂtagehéeagéeﬁgguﬁgdowhtﬁb BR¥et ronic

watch can be faci bphakele phases to each other so that they may be

10 supplied to the gates of the MSIFETSs 030 and Q3;
may be generated from the drains of the MISFETs
Q2,0 and Q55 of the level shifting circuit shown
in Figure 6. If this modification is made, the
inverter IN can be omitted.

15 The clock pulse g, at the starting
state is made to have the low level, whereas the
clock pulses ¢2 and ¢3 are made to have the high
level. _

In order to obtain the clock pulse ¢1,

20 the NAND circuit ND5 of Figure 4 is replaced by a
NOR circuit, which is supplied with both the
inverted output signal of the flip-flop circuit
FF5 and such a signal as is prepared by inverting
the signal on the line 124 by means of an

25 inverter. _

The operation of the first embodiment
shown in Figure 14, will now be described.

First of all, as indicated by the
waveform A in Figure 15, as a result of the fact

30 that the start control signal A is at the high
level during the starting time period from the
time t0 to the time tS' the MISFET Q31 is rendered
conductive, whereas the MISFET Q36 is rendered



. A MSFET [err] is connected between the 20 comon node between the ° N
‘B@ht chi ng M SFETs and Q and the termnal [err] and a M SFET is;J
nect ed between the external termnal [err] and the line [err]. The = — -
M SFET B1 has its gate supplied 45w-th a waveform A shown in Fi gure-45,
with a start control signal A which has an anplitude of - [err] and which
has t hendmvcomdwttivee., - [err]) when the starting state of the power
supply is ended. The start control signal A can be prepared by 30 applying
the signal, whichuring. phatcstanting time period; mas 1@2sresulte circuit of

Figure 4, to the level shifting circuit_show in Figure 6. The M SFET [err]
has it sthatcthepploek nrlse (e Besthekovolevelmreneas thh an i nverter

%%%Y‘S&%iﬁﬁ%&%‘t poFl [ g Havd 0 aleh Touee) #8 ot Hadn l[ver;]a'ndTQEi ch
; 1 :
ggﬁis°2<5’8$%%fk£$?z$§e%€?$?3£ﬁ8tﬁi%ﬁ%ﬁ%ﬁ%@é&@%%@%ﬁﬁno 2 the drains of |
M y o : . . 0 Fi 6 |
i s o S o Soner® (fSanetive s MhR o CHRE ki faRtt N MO O
clockllusmET[§£r15a§eﬁ&@réaEﬁéﬁ;@bﬁa@égi+§.nade to have the | ow | evel

whereas the clo€k pulses [err] and [err] are nade to have the high
As a result, the line 12 is supplied with the
voltage of the battery power supply Vss through the
10  switching MISFET Q, and Q, which are conductive. 4s a
result of the fact that the MISFETs 031 and Q, are
conductive at that time, the capacitor C1 is connected
in parallel with the capacitor C3 through the MISFETs
Q31 and Q.. Incidentally, as a result of the fact that
15  the MISFET Q30 is non-conductive, a direct current path
is not established between the capacitor C1 and the
battery voltage supply VSS'
As a result, both the capacitors C1 and C3
are charged to the voltage which is determined by the -
20 voltage regulator 2.
As a result of the fact that the start control
signal A has the low level at the time t., the starting
state 1s ended. After this end, the MISFET 030 is
rendered conductive whereas the MLSFET 031 is rendered
25 non-conductive.
As has been described abbve, the capacitor C,
is charged to the voltage vCL at the Starting state. As

a result, after the starting state has ended, the charge



Figure 4 is replaced by a NOR circuit, which is supplied with both the
.inyerted output signal of the flip-flop circuit FF5 and such a signal as
prepared by inverting the signal on the |ine % 4 by means of an 25

i nverTer. The operation of the first enbodient Shown in Figure 14, will
now be descri bed ' I S4q,0d] . hey o] ' I gure
15, as a result 8?5#%§£?§%9335r?ﬁth?h58§%§¥¥g%0%3r%&agﬁéné?bép*gogt€1he
hi gh | evel durin e ' ' r f | the tinme
[err] the M SFETaﬁgég ngt7takdop h%n%ﬁcﬁ%,mﬁeﬁgﬁégﬁgakﬂfgﬁ# > s
rendered '45'c8§8c£€89UGt'VQ;ePErtHG ¥bPtagéoati tHelliBePELi €680 BE 2
result that the clock pulse3 err] has the low | evel whereas t#e cl ock

pul ses [err] andmbhaer tonstantpecabi ghdicated by Aowabetsrd F inecEigl bed,

her ei nbefore, the switching MSFETs [err] and [err] are rendered
conductive, Shergetwititstanding ngwhether iBi tsrabhdthedstantingdstatecorAs a
result, the line 12 is supplied with the voltage of the battery power
supply [err] thrBe§k the 10 switching MSFET [err] and [err] which are
conductive. As a result of .the fiCt that the M SFETs [err] and [err*hare
conductive at that timelRCh@eREBAdVsothpcVPitagecatinthecling paraVhithigh

the capacitor [egtlntdt2i%o the"aratn ot the control MISFET Q,, of the

'evel . In order to obtain the clock pulse [err], 20 the NAND circuit ND5

voltage regulator 2, is so changéd during the normal
10 operatioh after the starting stafe has ended, as is
indicated by a waveform E in Fig. 15.

The voltage on the line 12 has a value, which is
determined by substracting the charging voltage of the
capacitor c1 from the voltage of the battery voltage

~ 15 supply Vgg, as a result of the fact that the switching
MISFETs Q, and Qg are _rehdered conductive at the time
t6' The charging operations of the capacitors C1 and
C3 at that time substantially cease when the voltage at
the line 13, i.e., across the capacitor C3 has the level

20 which is determined by the voltage regulator 2. The

charging voltage of the capacitor C1 is accordingly
reduced to a relatiﬁely small value so that the voltage
on the line 12 has a relatively large value,

On the contrary, as a result of the fact that the

25 switching MISFETs Qh_and Q2 are rendered conductive at
the time tg} the charging voltage of the capacitor C1 is
supplied to the line 12. As a result, the voltage on the
line 12 falls to a relatively small value, as shown in



] I S non-conductive, a direct current path is not éstablished between

. capacitor [err] and the battery voltage supply [err] As a result, both’«
the capacitors [err] and [err] are .charged to the voltage which is W,
determ ned by the 20 voltage regulator 2. As a result of the fact that
the start control signal A has4ffhe low level at the tine [err] the starting
state is ended. After this end, the MSFET J[err] 1is rendered conductive
.wWhereas {hgebbPREE.[err] is rendered 25 non-conductive. As has been
descri bed above, the capagito Eerr I's charged to the voltage VCL at the
starting state. AsAasﬁggﬂgt?méP &fe ﬁe°§t§%€ RgeSelte has ended, the charge
-46- di sinvetition fsoshbha dapaiguee C6t.o Theoedpacitbor C 3 does not take
pl ace so_Lhat e.ac s_t citar i he voltage at the
line 13 T gé ékn§8ég%%§gt5§tﬁgg |g§t ? df8§ gcgg&gngﬁ} in Fig. 15, 5
not wbt hslendi pgriefet hee. ht1nsoaderh@OSﬁaprbngesmaEeléﬁenot | nci dental ly,

the vol t8gecal Bbetéwe hekehphichal Sut gﬁr&e%q@atg@ hamﬁgal n of the
control M SFET . Q, he voltage regul a , 1S7so changed during the

normal 18 sBﬁgFﬁ%?Bﬁ HP?B? FaB FaBFPﬁ§a§F§t?Yhégeeﬁeé&agés i s indicated by
a wavef orgytrlaBoki g. e¥bn IFetnel vageaqe bife thenbatZelgs a value, which is

determ ngd DY3UBRbERF b9 ERE18"R694"18k34 0 ok Feven.
10 In the second embodiment, although the
step down circuit 1 and the voltage regulator 2 are

] and [err]. Incidentally, as a result of the fact that 15 the M SFET -
tR

integrated with each other, they are assumed to
be made separate for the sake of convenience in
the following description. 1In this the voltage to
15 be supplied from the step'down circuit 1 to the (Cae
L&ea-lz is made to have about one half of the
voltage of the battery voltage supply"VSS.
Consequently, the relationship between the voltage TN

of the battery voltage supply V and the voltage

20 on the line 12 is illustrated bssthe
characteristic curve 12 in the graphical
presentation of Figure 17.

Since the voltage regulator 2 receives
the output voltage of the step down circuit 1, it

25 generates the stabilized voltage V if the output

CL
voltage of the step down circuit 1 is substantially
equal to or higher than the stabilized

voltage VCL'



capacitor [err] fromthe voltage of the battery voltage 15 supply [err] as
aresult of the fact that the switching M SFETs [err] and [err] are 7
repdered conductive at the tinme t6. The chargi ng operations of the
capaQLtors [err] and C at that time substanyiglly cease when the voltage at
the I'tne [err], i.e., across the capacitor has the | evel 20 which is
determined by the voltage regulator 2. The charging vol tage of the

capacitor Cl is accordinppy {®0tlk€lcd e whéhélthe! Vobtige regukutor thals the
voltage on the line 12 has a relatively large value. On the contrary, as a

result of the factsippliédecexdlusively ngith SEd sstep rdovndrd Bltdde atrich
rendered conductive at the tinme [err], the charging voltage of the

capacirtor [err] isisupeeratted bjncthe nstéprddwn Asivcutbul f  theestep tdoym on
the line 12 falls to a relatively small value, as shown in - 47 -
wavef orm E. A secoveltagedsioneduced hto pa cbewer i hevel | than sthehs#abilisedir e

16. In order to make it possible to use a batterg@;or arelatively 5 | ong
period, i.e.? in o¥elkbage Yecr¥se skiehtrreductienpinithe voltagsief e

Cegul ator 2 even | PREFEY Yo LEREe suRRLE st e PRHE AT tAEE AT THE | o

the step down of r HPYEAES EERWASLR 2ghe AbetHERPEEY FelitRty Tille, frimit "

e boce | h°LhSSFLEREUIEE {Re ¥oTRige SARERfaf 2 IS HRUE from the
point D in Fig. 17 generally along the characteristic

10 curve 12. As a result, notwithstanding <that a
relatively high voltage is being generated by the
battery power supply vSS' it becomes necessary to replace
the battery voltage supply.

In order to operate the circuit at all times

15 efen when fhe batterf voltage is relatively reduced,
in other words, in order to prolong the life of the
battery, the voltage of the battery power supply VSS
is supplied directly to the voltage regulator 2 when
the battery voltage has such a level as to reduce the

20 step down voltage substantially to the stabilized
voltage VCL‘ Thén, fhe 6utput voltage of the voltage
regulator 2 is stabilized until the voltage of the
battery voltage supply VSS is reduced to a level
indicated at a point C in Fig. 17, namely, until the

25 voltage of the héttery voltage supply VSS falls to a
level VSS“ which is substantially éqqal to the



R
15 be supplied fromthe step down circuit 1 to the [err] [err] 12 is made”’

[Oohave about one half of the voltage of the battery voltage supply [err]."
gaf:equently, the rel ationship between the voltage of the battery vol tage™~=

stgply [err] and the voltage 20 on the line 12 is illustrated by thew/
characteristic curve 12 in the graphical presentation of Figure 17. Since
t he vol tage regul ator 2 reg I ves the output voltage of the step down
circuit 1, it 25 generates’the .stabilized voltage VCL if the output

vol t age %Ea%ﬂgi§EPPvQﬁW%8%iVC“it 1 is substantially equal to or higher than

the stabilized voltagée VCL. CL'-48- |f, in the case where the voltage

regul ator 2 is sup@hec@rexation Ofy the $aaand @mpaddMeniol t age which is
Igeneralt e@h:bim':] e stie_m@o\g!sl _Qaiiflg.Uigbwl,bet fafésﬁxq;b[emm \aaﬂaagle_ i ﬁ redgced_ to a
ower |evel than t st abi | ise . .vol.tage [err a slight reduction
in the vol tage of Bﬁ‘? 5 el‘f?w\?olct"éﬁéu?ud‘p?%s[@r Jﬁ%u&ﬁlﬁ&t vol t age of

t he ol t adailegultat dthaz iof &beorcdineglijt rofd FbgohreThd .outAtuitheol t age of the

vol t age I£S T C f [ ' [ eneral ly al ong

g%aﬁ&%a%rg%fgi, Q%%rggoFgfg?ﬁ@§£?i;ﬂﬁ§;ﬁq} R 1kGedS

t he characteri st , notw thstanding that a

rel ati ve™pexiegis e £JOcks pvdises Fenangt & Mavendheatdigh power supply

[err], i|0eRRAQMeTHREGRATHN ngd MISINEASE d, e Alrd o valdeage supply. I'n order
to operate the.circuit %t ald tinmes 15 n V\he{\_-rgthe battery voltage is
reIativequqgaﬁﬁg}y rendered conductive, whereas e _

10 switching MISFET Q3 is rendered non-conductive.
On the other hand, the MISFET-Q30 is rendered
non-conductive in response to a control signal A
at the low level as is supplied from a level
shifting circuit 29, whereas the MISFET Q4 is

15 rendered conductive by the control signal A at
the high level.

The voltage regulator 2 is constructed
similarly  to the respective embodiments of thie
control MISFET Q;,, the differential amplifier 20,

20 the reference voltage generator 21 and the level
shifting circuit 22.

A clock circuit 31 is formed with a
plurality of power supply wirings and is additionally
formed with a level shifting circuit, if necessary.

25 The clock circuit 31 is basically constructed of
a variety of known circuits, for example, of:
an oscillator for generating a reference frequency
signal; a frequency divider which receives the
reference frequency signal from the oscillator

30 in order to generate a second clock



in other words, in order to prolong the life of the battery, the voltage of
the batt'ery power supply [err] is supplied directly to the voltage o~
ré&gul ator 2 when the battery vol tage has such a | evel as to reduce the 2
step, down vol tage substantially to the stab 6|zed vol tage VCL. Then, the
outﬁ\f vol tage of the voltage regul ator 2'|§ stabilized until the voltage

-of tHe battery voltage supply [err] is reduced to a level indicated at a
point Cin Fig. 18ignalgl g, vanietytof time counters wihicheréceliee ythel t age
‘supply [err] falls to a level VSS" which is substantially equal to the -
49 - stabilized veutpyt ségnal 0 ﬁp@rﬁnmemym\ievm%xm et shown

in Figure 16 wll now be described in detail., The step down circuit 1 has a
construction 5 SFH??GFetBiFﬁaﬂatﬁ ﬁmﬁpc¥$cﬁ?¥ sfconds,y one minyte e
starting state, e cI ulse rr | ow | evel mhere e cl ock
pul ses [err] and ﬁ?r? 81 PR ‘é?n NrS .y 9Re AR \IRF ‘? and

Q i3 render@d no gé%ﬁéﬁ%?-eéé&iﬁpi’#% ﬁ%ﬁﬂﬁ#ﬁf “Phe et bigih 1¥ 4\4 o
e o0 non COTCHEL Ve ol SHIRS bt ar 6 kg aELORY plalpE AR Love!
15 rendered condughtp@tbyutber Colbeit Shiich recéivis thehoheyet - silfal
voltage regulator 2 1s constructed simlarly- to the respective enbodi nents
of the of the display decoder; a stop watch circuit; an alarm
circuit; a mode selector which detects the operation
10 order of the switches SW1 and SWZ, which are connected
between the external terminals P10 and P22 and earth,
in order to select a variety of modes of the watch such
as a normal watch operation mode, a time correcting mode,
a stop watch mode or an alarm mode; a cont?ol circuit for
15 céntroiliné the operations of the vériqus circuits in
accordance with the combinations of the output signal
of the mode selector and the signal from the switch
SW1 or SWé; and an output buffer circuit which receives
the output signal of the alarm circuit (although all of
20 the circuits are not shown).
On the other hand, the watch circuit 31 may also
. be constructed of a well-known ROM-RAM type circuit
which includes: an oscillator; a timing pulse
generator; a random access memory for writing time
25 data, operation mode data, stop watch data or alarm

data; a read only memory (or ROM) for writing micro-
instruction; a program counter; an arithmetic logical



-

control MSFET [err] the differential anplifier 20, 20 the reference ‘
| tage generator 21 and the level shifting circuit 22. A clock circuit 3I"
formed with a plurality of power supply wirings and is additionally =

Kefnmed with a level shifting cirgu@g,_if necessary. 25 The clock circuit 31

I's basically constructed of a variéty of known circuits, for exanple, of:

an oscillator for generating a reference frequency signal; a frequency

divideéngQ%c aegeh&g elt eegeaggga?gstrequency si'gnal fromthe oscillator
rae C

30 in ~To generafe secon ock -50- signal; a variety of tine
counters whi glhom®¢hleV waltlfl @4rRuE+S3qN2hugl cogthhegedCtnerei der in order

to generate tine data such as ten seconds, one mnute, ten m nutes, one

hour, hpe penepated’ danigplagnddapde Bignad doppUeyvdagoder for converting
t he out put signals of the varirous tine counters into display signals; an

out put dtepliay DSPcheatvingi diguddecrystalle segmentssi ghdkchoarehe di spl ay
decoder; a stop watch circuit; an alarmcircuit; a node sel ector which
deBect srrangegedat the form ofder squardshsnumerad ¥8” Lozt 8a2h which are
connected between the external termnals P10 and P22 and earth, in order to
sel ect figurei,cp showbjee signrd farcArdyimeg,acaussieniconyertiBger ation
node, a tinme _correcti node, .a _stop watch node or an al arm nbde; a contro
circuiFePBF.S%S“hi€§n2%oPrpﬂgdﬁﬂe&epgpaﬁfﬁﬁ§ &p PhérWaPPHGQ circuits in
accor dapse il e SONNNALLA"S0h P1S-341Akr T k00 endhee MOde Sl ector
and a variety of clock and control signals to be supplied
10 to a variety of such circuits as will be described in
the following. |

The output buffer circuit, which is arranged in
the clock circuit 31 in order to drive the acoustic
converting means SP, reqﬁires such a~relatively large -

15 drive current that it is operated by the direct voltage
of the battery, voltage supply VSS'

A comparator 25 is provided in order to detect the
voltage of the battery voltage supply VSS" This
comparator 25 has its non-inverting input terminal

" 20 supplied with the reference voltage, which is'generated
by the reference voltage generatof 21, and its inverting
input terminal supplied with the voltage of the battery
voltage supply Vgg through a voltage divider which
comprises resistors R2 and R3.

25 The divided voltage supplied by the voltage divider
(R2 and R3) is made equal to the output voltage of the

reference voltage circuit 21 by suitably setting the



[err] or [err]; and an output buffer circuit which receives the output
signal of the alarmcircuit (although all of 20 the circuits are not
skevin).” On the other hand, the watch circuit 31 may al so be constructed of
a wel\lLsknown ROM RAM type circuit which inclaggles: an oscillator; a timng
pul-se generator; a random access nenory for iting time 25 dat a,
operation node data, stop watch data or alarmdata; a read onl nory (or

ROV for writing Yottage|dividing oratio @ogthennenintors &y eﬁm{hﬁr;t ic
this. const ruct ed. whes, A, o LEreS A5 dthe, XAEEFRY YakkRRe FURRAY (Vag orf vi ng
Form of a sauar: sKeRtePa) & £V o 260 Feldoned it oFdGRERY diver,
Sound and wni ch 1 £ Chere L BEveY SRl S, o HOMCEr ARG oS Ak T 7
s w11 e dBscri T YR TSR & B VR Dt el Circuit, which |

arranged in the clock circuké @lrésultaihér thé WoltzetSENE WbW&sy | NY
means SP, requires such a-relatively large 15 drive current that it iIs

operated by the d#obugaosumhyw§§ htalls tto Ya derégequealppty derXdwerd
conparator 25 is provided in order to detect the voltage of the battery
vol tage supply [cthgn the detegtion clevel j1athe tautput ivoktageipf nthe

term nal

comparator 25 is accordingly raised to the high ievel.

10 The voltage divider (R, and R3) and the
comparator 25 are intermittently operated so as to reduce
their respective average currents to be consumed. In

- order to intermittently operate the voltage divider
(R, and R3), there is prov;ded a switching MISFET Q35

15 which is rgndered conductive by a clock pulse ¢0. On
the other hand, the comparator 25 is supplied with the
same clock pulse as the clock pulse do to be supplied
to the switching MISFET 032.

Incidentally, the comparator 25 has a

20 construction similar to that of the differential
amplifier 20 shown in Fig. 1. For the sake of the
intermittent operations, the MISFET similar to the
constant current MISFET 013 of Fig. 1 has its gate
supplied with the clock pulse de.

25 ' 'A latch circuit 26 is provided so as to
generate a series of signals on the basis of the

intermittent output signals which are supplied to the

comparator 25,



L

20 supplied with the reference voltage, whigh is generated by the -
reference voltage generator 21, and its inverting input termnal supplied,

with the voltage of the battery voltage supply [err] through a voltage
.diwi der which conprises resistore 5 «and R 25 The divi ded vol t age
supplied by the voltage divider [err] and [err] is nmade equal to the out put

| t f th f | t i | i tabl ti th -52-
Vol tage di vi di FHATErFBF CrOMRR T ERl 28,48 Emaer&d SERAEIIE Lot age of the
bat t I I f I d (i.e.,
dgt eg ?oﬁl%@%ﬁﬁfy@?eﬁ?i$%r%m§/%€ ié%f]a ?%F%‘%igl%hﬁ%/ I%hﬁ‘l(’l tﬁan ?he 5
val ue [ejafa impuedt .I[:ghfi'(gﬁ Supplfed weeh! the \bghe t EEoip! t age of the

battery voltage supply rr] falls to a |l evel equal to or |ower than the

detectiopulg¥chs thie €L6EKIpuDséags whicheis Pied €6 tweaccordingly
raised to the high level. 10 The voltage divider (R2 and R 3)

ang the comparator 25, are intermttently operated so as to reduce their
respective average currents to be consunmed. In order to intermttently
operate the viThegelaickipulsé gy riannte| supplied by ewaveformi ded a

smItchinghQISFET @2 15 which 1s rendered conductive by a clock pul se
[err]. ping otheeuitni® vhichoneeetves peferencepeleekwith the sane

G2, 1 o owLs | BavERg ToRparhite Bhenuenciss bs care REROTEHAI m o to
that of phefeLEo&R B cRIP' 51) Chs“nSiRM" Lhc adntdiaylpyhe sake of the
10 generating the clock pulse ¢6-from the circuit having
the construction describéd above, the changing timing
of the output signal of the latch circuit 26 and the
changing timing of the clock pulses d1 to ¢3 can be
synchronized.
15‘- The output signal of the latch circuit 26 is
supplied through a NOR gate 27 to a start control
circuit 28.
Incidentallf; the gate circuit 27 is provided
to correspond to the fact that the electronic watch is
20 equipped with such display means, e.g., the alarm
circuit and the acoustic converting means SP to be
driven by thé output of the alarm circuit as requires
a relatively large drive current, as has been described
above.
25 The gate circuit 27 has its one input terminal
supplied such a control signal dc thrdugh'a line 141
from the control circuit in the clock circuit 31 as is



intermttent operations, the MSFET simlar to the constant current M SFET
[err] of Fig. 1 has its gate supplied with the clock pulse [err]. 25
Aclatch circuit 26 is provided so as to generate a series of signals on t
basi.s of the intermttent output signals whighare supplied to the
conpar at or 25. 53 Since the conparator 25 is rendered operative by th

clock pul se [err]_t.,he tch.ci tcuiit .26 has, its data i.nput .termqnal rr
suppl i od vvitL th]é‘%jzﬁﬁéi %%B’ﬁ’epf’ﬂ FEY% S‘&&&E‘%Wé&ﬁ%eﬂi]%ﬁig&né
supplied to the r.atQl. . I r a lied
' byp\a/aveform shap;%ntg wcl}i%weg(ﬁr %ﬁ%&c&vé&gﬁe étri%r?g“ c}tg%kagfgg%%&gp

havi ng respectiv Jn-%qﬁ}sl Fp,are generated by the clock circuit 31, as
shown. i nci dent al éy y Oa‘iﬁgenerati ng the clock pulse [err] fromthe

circuit having the const ryitds dﬁfs@gi Rtk dudtery %IW'S"@IH?”{V%% of the

output signal of the latch circuit 26 and the changing timng o cl ock
pul ses [err§ to [wsudllyahdie sudrly eelatively large intErmaduiresistages of
the latch circuit 26 is supplied through a NOR gate 27 to a start control
circuit 28. Inci dchatalits autpumtvoltiageliis Zubstantialdgd reducedr dfpand to
the fact that the electronic watch is 20 equi pped w t-h such displ ay
means, e.g., the kargenqmment feaws Hian aanendancswidh ithe denge dpive be

driven by the output of the alarm_circuit as requires
current. This reduction in the voltage of the battery

voltage supply Vss is resultantly detected by the
10 comparator 25, 1t shouid, however, be noted that a
slight time delay occurs until the reduction of the
voltage is detected.
In the case where the gate circuit 27 and the
| control signal dé are used, it becomes unnecessary to
~ 15 await the voltage drop détection output based upon the
output signal of the comparator 25.
As will become apparent from the following
description, the voltage of the battery voltage supply
VSS is supplied to the voltage regulator 2, before
20 such_a_circuit operation is started as to reduce the
| voltage of the béttery voitage source VSS’ so that the
undesired voltage drop on the line.l3 can be prevented,
In Fig. 16, the start control circuit 28 is
indicated independently of a clock generator 11! so as
25 to facilitate its understanding.
- The start control circuit 28 is shown in
greater detail in Fig. 18, and is so constructed that



a relatively large drive current, as has been described above. 25 -
" The gate circuit 27 has its one input term nal supplied such a control

;signal [err] through a line 141 fromthe control circuit in the clock =~ o
uit 31 as is -54- raised LOPPhe hi gh I evel in synchronismwth the
t ng at which the drive current ows through the display neans DSP and

el at | very SR E1riend B oo ndl she devRREer) TVoq pre sodedge o o SO
i ve curthen B teFk SORERaL PoRchtt ABPYR dBy#tE Fro bt tory vol (age Supply
owever . be not ot KANEL SLEERLE MRS B on0BEARTAmERE T cGlcti o of
cont 1ol SeomapaifsipbTied SILh o BT AROMIIR 210 Has 7 Svmi 1 e

vol tsage drem QﬁheNUBQFaQ%tE&Ecﬂ§%9Q7URQ@ ShRwlipUFig,ond@l) of the

conparator 25. As wil[ becone apparent fromthe foll ow ng description, the
vol t age wehiiche ilsatiedticedoitoatheslpw Level whenthe e@duetibba vol t age

regul ator 2, before 20 such a circuit operation is started as to reduce
t he vol t dge thie bladtiexyt moyl taget suppiyumed tage [Lssdetiesttedne undesired

voltage drop on the line [err] can be prevented. In Fig. 16, the start
cont r ol - @ndc whem $hies alagm: displiayddise mede. y AF are sgdber ator 11' so

as ]
start control circuit 28 supplies the low level signal

10 to the line 123 not only during the start period but
also when the output of the NOR gate 27 has the low
level. |

Incidentally, a portion of fhe clock generator
11' is also shown in Fig. 18.. The clock pulse d1'

15 supplied from a NOR circuit NRy, falls to the low level
in a manner to correspond to the fact that the signal
on the line 124 has the low level,

The operation of the circuit shown in Fig. 16
is indicated by the waveforms A to G in Fig. 19.

20 In Fig. 19, incidentally, letters Vp, (+) implies earth
potential, whereas letters Vgg (=) implies the
potential corresponding to the output potential of the
battery power supply VSS‘

It should be noted that even if the step down

25 voltage becomes equal td or lower than the stabilized
output voltage Vy;, the stabilized output voltage VoL

at a predetermined level is generated by the switching

operations so that the battery voltage VSS can be



25 ‘to facilitate its understandlng « The start control circuit 28 is

shown in greater detail in Fig. 18, and is so constructed that -55- a
NAMD circuit [err] and an inverter |V20 are added to the start control :

~Circuit shown in Fig. 4. The NAND circuig 10 has one of its input -
ternthas supplied with a signal through a“ine 143 5 fromthe NOR gate
circuit 27 (as shown in Fig. 16) which is reduced to the |low |l evel when the

reduction in t heegéf-'lc&ﬁ-y'eldl M@@éiosup‘pﬂ B \Rﬂﬂ'&}& ithejdidde af the hattenye

~alarmdisplay is made. As a result, the st o ntrol C|rc it 28 sspplles

Lhe I ;)w I \%el Slhm bepprolonged. | Aboves h %/h A dum ¢ I &fer i od
ut al so when the oyt pu ate 27 has the | ow [ eve

| nci dental |y, &cﬁ Lﬂ'ﬂ&’[ %afa'tﬁélg Cey) €48 1p) BRY TR PURGTIEAS
the I ow | g'vgfk, ﬁuﬁﬁaﬁh& %iamee%%eé’%f P raked Wdes A, %on’ e
| 124 h 16
" ndi cat e 50y © op@¥asdbfl mobl ¥ Y sk Burgfin Sdtlng Y, thd O
incidental |y, | elgqgigs, aq%(f*)sddﬂ)'d SFurfy a f&h R 4 aﬁeeﬂ"'lféé‘ﬁsﬁl : ﬂe‘é# tetfove/sS

(-) implies the potenti correspon to the output potent t he

battery power sumiglchmed' rdspeldiﬂwléhmm o t)é G vierd G StEEhHMN

25 vol t age becones equal 'to or l'ower than the stabilized output voltage

[err] the stabil rbaq;d;eggt B¢ wedd.age VCL
In a modified form, forminé another

10 example, the circuits 1 and 2 of Figs. 14 and 16 may
be replaced by the circuit shown in Fig. 20. In Fig. 20,
incidentally, the elements corresponding to the
respective elements of the foregoing embodiments are
indicated by identical referepce characters.

15 In the circuit of Fig. 20, at the starting
state and ﬁpon reduction in the battery voltage supply
voltage, the clock pulses d1 to d3 and the control
signal A have the high level, whereas the control
signal X has the low level. In accordance with the

20 respective signals at the fespective levels, the
switching MISFETs Q, to Q; and the MISFET Qy, are
rendered conductive, whereas the switching MISFET 04
and the MISFET 030 afe rendered non-conductive. As a
result, the capacitor C1 is substantially connected in

25 series with the battery voltage supply VSS and the
capacitor 03. As a resﬁlt of the fact that the

capacitors C‘1 and 03 are conmnected in series, the



at a predetermned level is generated by the swit¢hing operations so that
the battery voltage [err] can be -56- effectively used. As a result, Kﬁﬁ
Nfe of the battery can be prol onged. Above all, the lithiumbattery has
(%Ekh a high internal resistance, e.g., several hundreds ohns that a |arge
tage drop takes place in the 5 operation node of a |l arge current
consunption. The addition of <s®h=-a function as has been descri bed above
beconmes especially suitable in the case where a lithiumbattery is used. In

a nodi fied m q&ﬁgg I | 1 and 2 of Figs.
" 14 and 16 ps‘;g;@gr‘; g&l é{:lgﬁy t he n(J:elQr ?ﬁ?s%c?mﬁw%ﬁcgﬁ% In Fig. 20,
I t

i nci dent 3T Ma gelcORE R EINR S RFh P (?l't%émrléféﬁ@ct ive el enents of the
f or egoi ngegiladiore® Huas Q]Jsliﬂl&ﬁtdiﬁbl-bythaieﬂpmltdxef renga characters. 15

In the circuit .Qf Fi t rt| st at pon reduction in the
battery Vol gaé%éuﬂg%y \%/%ﬁ Z’&é:teterﬁé C oc ptﬁ%@gy?eq?sr] to [err] and the
contrd siogpmelctedhakhe vids gif [theelvoltlageedo thee sapplisdd signal | has the

| ow | evelyq ltlgleaqq(hredqnc%a\ﬁ (Y78 tarpce?j_%,:r CliMe S ONAmse at the respective
| evel s, the switching3 SFETs [err] err]. and the M SFET [err] are

r ender ed té-ﬂ%?dué‘tl"levé’aﬂﬂfér"é’ffs ctlhelss\&htac’-?ﬂ% WtETr 9 err] and the M SFET @0
are rendeied@ vivR1g0 HeAH WmeApexricbul t, the capacitor [err] S

and the capaci tor AFter,dhe’ Bie iy Hinke s andidn e naci tore ferr]
and [ &r jcomrtercdormigriadcs i agat ilehaueneche low and high
levels, respectively, whereas the clock pulses ¢1
to ¢3 are consecutively changed similarly to the
foregoing embodiments. _
The step ddwn circuit 1 and. the voltage

15 regulator 2 of Figs. 14 and 16 can be further
modified, to form a third embodiment of the
present invention as shown in Fig. 21.

In the circuit shown in Fig. 21, as a

result of the fact that the clock pulses ¢1 to

20 ¢3 have the low level whereas the control signal
A has the high level at the starting state and upon
a reduction of the battery voltage supply voltage,
the switching MISFETs Q1 to Q3 are rendered non-
conductive whereas the switching MISFET Q4 and

25 the MISFETs Q3o and Q31 are rendered conductive.
As a result, the control MISFET Q14 has its drain
supplied through the MISFET Q30 with the battery
voltage. On the other hand, the capacitor ¢, is
supplied through the MSIFET Q31 with the constant



Eapacitor C3 is charged not only fromthe control M SFET Ql4 constituting a
part of “the voltage regulator 2 but also through the capacitor Cl. As a “
zesult, when the battery voltage supply is 5 connected, the rise of the éﬁi
voltage to be supplied to the line 13 can be accelerated. At the sane tins
the Capacitor Cl is charged within a rel atiwe8/ -short tine period. After

the starting state has ended, the 10 control signals A and A have the | ow

and hi gh [ evel s,vdpegfgtwyﬂy,imlq@iémeg@lwmgiesq__sjr;éerr] to [err] are

consecutively changed simlarly to the foregoi ng enbodi“rents. The step down
circuit 1 and the vol tWigen 1the egtdrting stdtd-ilgs ehfet)d the contrelf urt her
nodi fied, to forma third enbodi nent of the present invention as shown in
Fig. 21. In the signmal tA Sasuthe: Yow.level ahereass e eflocdk pudsest hat t he
clock pulses 1 to 20 err] have the |ow | evel whereas the _control signal A
has the high | ewb @ Riyare aponagcutivel¥nchepged a inewidiler grones

battery vol tage suppl oltage, the sw tching M SFETs to Q are
rendered ndnh- co u@%é/vém% . 48 g M SFET [err] and 25 the

d dered I e, | t,o L0 I
M SFET QL4 has i ts dr e SORE RS (AR ICPAF IR SR TR OF %, Che bat t ery
vol tage. On the QgL P30, (AFCGARAIRL Platudg SRR 1k AU ThAe VI FET

[err] with the cO _
constituted exclusively of the switching MISFETs 01 to

QA' As_a result, it is possible to prevent such voltage
10 and power losses from being established as will take
place in the case where the MLISFET Q30 is connected in
series with the charging and discharging paths of the
capacitor C1; Moreover, since the MISFETs 030 and Q31
. are operated in phase, it becomes sufficient to
15 generate the single control signal A.
In furtner modified forms (not illustrated), the
'timing pulses to be supplied to the respective step down
circuits 1 may.have two phases. Nevertheless, in the
case where the starting operation is to be performed
20 by the use of the switching means of those step down
circuits or in the case where the step down operations
are ceased by the use of those switching means, it is
convenient to use three-phase timing pulses which can
simultaneously render the MISFETs Q1 and Qz conductive
25 without any difficulty.
Furthermore, the circuit of Fig. 16, which makes
1t possible to use the battery to generate a reduced
voltage, can be similarly applied to the circuits of



-58- voltage which is supplied to the line [err] Wen the starting state '
has ended, the-control signal A has the |low |l evel whereas the clock pul ses
tims are consecutively changed in simlar manner 5 to the foregoing ‘%

di rents. The chargi ng and di schargi ng paths of the capacitor [err]~J/
after the starting state has ended~a°& constituted exclu5|vely of the

h SFET As h
Vol tage J0FiS nd?pfﬁ@ Lsedd ﬁ#Omasra?ﬁEeg@?asr.s t%ﬁ%%%&ivﬁ{‘épi“?n
Lhe case wgLs eae MFEE LRLI Lot 8a6870EGhs 9@3@'053,)&“% hothe charging

and di schargrn t he "capaci the M SFETs
[err] and heaaknaka @B%Eﬁ%%drbauggaﬁﬁe eﬁ PSﬁ nsén§g$§ gnt to 15

generate the single control signal A forns (not

i Ilustrategh, thhg hbau@gcauhsas taebgaeapebheéoiOv&beagsssfctIve step down
circuits 1 may have two phases. Nevertheless, in the case where the

stargi ng opheaMISRETsQLQ ke peiheaindd2By thc; thpadseosfcthe switching
nmeans of those step do circuits or in the case where theé step down
operations are ceasEdrbyermerasetbé ahove destrhbad embaodimentss conveni ent
to use three-phase timng pul ses which can_sinultaneously render the

M SFETs [efRP RRJWLEedy ussAdipt pueh2s smalihsiieednelartronicty.

Furt her nor the circuit of Fi whi ch makes it possible to use the

battery togﬁgﬁgﬁaté ré&ué@élgglFgﬁﬁtrEthbEaEFﬁlPﬁrﬁygbbﬂlled to the

circuits OLlectronlc watch which is driven by a battery.

10 Attentlon is drawn to our Patent Application
No. 81.29362 (published under Serial No. 2,086,156)
from which this Application has been divided.

Attention is further drawn to our second
Divisional Application No. 83.27326 (published under

15 Serial No. 2, ) filed concurrently herewith.



f59- Figs. 1, 10, 11 and 14. Furthernore, the differential anplifier 20 of
the voltage regulator 2 may be clock- driven to further reduce the-current
gonsunption. In this nodification, the gate, control voltage of 5 the .
M SEEI;Cﬂ4 i's maintained by the capacitor C4. Furthernore, the above g
descri bed enbodi nents can be widely used in-60eh a small-sized el ectronic
devi ce, e.g. an analog electronic watch or digital electronic watch which
is driven by a batt€EHIMS@ Attention is drawn to our Patent
Application No. 81.29362 (published under Serial No. 2,086, 156) from which
this Application has-been di #NdBYSCRIPRME| GATFYLE LFRAEYIHRSIN to our second
Di vi sional Application No. 83.27326. bl i shed _under .15 Serial.No. 2,

) filed concurrently heremﬁtﬁ?g a ?6%ggcﬂ9§ﬁﬁfri§nged t°ﬁ@Fe§%ﬁ§i%§§%

cireuit including: {g)ya,f el nodga20 g8gedgly be supplied with a power

supply voltage; (b) a“seco node; (c) a first switching
el enent connected between sak?,f&r;écaggenggg.a third node and arranged to
‘be periodically turned on; (d) a first capacifor having one terninal

connected witly said third nogde)agdeitstokRetchendi 8BémdRt coREEsd Bse tddhn
a fourth node; (e) a secé6nd sw tching el enent connected
said first node and a third node and arranged to be
periodically turned on;
(d) a first capacitor having one terminal
connected with said third node and its other terminal
10 connected with a fourth node;
(e) a second switching element connected
between said fourth node and a reference potential
point of said circuit and arranged to be turned on
when said firét switching element is not turned on;
15 . (£f) a third switching element connected between
said fourth node and a fifth node and afranged to
be turned on in synchronism with said first switching
element; -
_ (g) a fourth switching element connected
20 between said third node and said fifth node and arranged
to be turned on in synchfonism with said second switching
element;
(h)_a voltage regulator for supplying a
predetermined voltage to said second node in accordance

25 with the voltage which is supplied to said fifth node;

(TR



between said fourth node and a reference potential point of said circuit

and arranged to be turned on when said first swtching elenent is not i
rned on; 15 (f) a third switching el enent connected betweeﬁJ'

@ﬁ% d fourth node and a fifth node and arranged to be turned on in N

synchronismwith said first switcht®y el ement; (g) a fourth switching

el ement connected 20, , between said third node and, said fifth node and

arranged to be turn&d ¢h $5FBhGARAA IR FINNEFTPL RETWESSi t chi ng el enent ;
(h) a voltage,requlator for_s | ying. a predetermned vol.tage to said
second noa%aqjl‘dn sa%c%'? anees ?onéjp%%hr eer%bcfet e %tilc,aﬂ ip§1§%ppl ied to said
fifth nodejs gaidleidddid nd capacitor connected between said second
node and the Feference potential point of said circuit; and (j) a charging

circuit for charging;pal d:l'ﬁargirfd[ rSitr &ARRCE SO cHr AP ldage during a
predeterm ned tine period after the power supply i's connected which is

subsFant | ef insteEpaditdheedW Ridl daydd alifr g Sighaqddear@fnergul ator. 2.
An el ectronic circuit according to claim10 1, wherein said charging

circuit incdmelgeeriod idftersviie powerlsuppity cios) remirest e whdrehsai d third
node and one termnal of said first capacitor and arranged to be turned
of f, untilis guhakantidliad equel ko ithe auipes witage lnd s@dsk supply has
been connected 15 and to be thereafter turned-on; and a sixth sw tching
voltage regulator.
2. An electronic circuit according to claim
10 1, wherein said charging circuit includes: a fifth
switching element connected between said third node
and one terminal of said first capacitor and arranged
to be turned off, until a predetermined time period
elapses after the power supply has_beeﬁ connected__
15 and to be thereafter turned on; and a sixth switching
element connected between said one terminal of said
first capacitor and said second node and arranged
to be complementarily switched with respect to said
fifth switching element.
20 3. An electronic circuit according to claim
.2, wherein said switching elements and said voltage
regulator are formed in a single semiconductor integrated

circuit; and wherein said first and second capacitors

are connected to said semiconductor integrated circuit.

AR



el ement connected between said one termnal of said first capacitor and
sai d second node and arranged to be conplenentarily switched with respect
tquald fifth switching el enent. 20 3. . An el ectronic circuit
accqrding to claim2, wherein said switching elenents and said voltage
regulator are forned in a single sem conductor integrated circuit; and
wheréin said first and second capacitors arg connected to said

sem conductor integrated circuit. * ~4. An el ectronic
circuit according to claim3, wherein sald first and third to sixth

swi t chi ng elenent§ conprlseAL|ézgmggggygt&ggaﬁg@nggaokggsglggulated gate

field effect 5 transistors hi'ng el enent
conpri ses a seconeléémdaetWbﬁrehanﬁeidtﬁpéstnsaﬂatbdrgate sLxth ef fect

transistor. 5. switchingl 8¢EmEALS EbﬁﬁHiEeaEEQEQ'BGnEQth@h”11 further
including a thlrdggagBF tor 10, conpect th node and said

ref erence potenti t Fyge insulatg 8FEEm§bﬁF gFEEFt constructed and
arranged to opérateaashstersi;abhil whebeini sadldssecbad swibchéherence to and

as illustrated 1524 gpEhg- cdftipPlst0®a 2ESBRENELRE L RS "SRannel

type insulated gate field effect transistor.

5. An electronic circuit according to
claim 1, further including a third capacitor

10 connected between said fifth node and said
reference potential point.

6. An electronic circuit constructed and

arranged to operate substantially as herein

described with reference to and as illustrated
15 in Fig. 14 of the accompanying drawings.
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