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2 90 -1- "Low Power Consunption Electronic Grcuit". The present . (
i@é?ﬁtion relates to a | ow power consunption electronic circuit, and nore
partigularly to a | ow power consunption type electronic circuit which is (k .
operated by the voltage of a battery. 5 - ' An el ectronic

circuit such as an electronic watch to be driven E% attery is required

to be of |ow power consunption with a viewto inc }2549@9 life 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 insulated 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 electronic circuit as a whole can be reduced by eperating the circuit .

not with the vo'!lt%errcqurbstam'@e@yE%%ErPBHCfFéFFFPAg battery, but with
a vol tage at a-retatrvety-towteret-wrchrs—sopptred=fronra | ow 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 qyge SYRSIHY | AventR! rbPatB! t608S 18WIpbiwethe
consumption electronic circuit, and ﬁore particularly
to a low power consumption type electronic circuit
which is operafed by the voltage of a battery.
5 - An electronic éifcuit such as an electronic
watch to be driven by a battery is required to be of (~
low power consumption with a view to increasing the -
life of the battery. | o
_ 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'insulatéd gate field effect
transistors, can have its cﬁrrent_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 circuif not with the voltage which is
| directly supplied from the'battery, but with a voltage
at a relaﬁively 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



E\Jelectronic‘pircuit. As a result, a relatively high power consunption o
takes place in'the voltage regulator. On the other hand, the current tzéﬁﬁ";)
'3uppLLed by the battery is substantially reduced to a 10 quantity equa

the reduction in the current consuned by the electronic circuit.

Consequently it is difficult to substantially increase the life of the
battery. It is therefore an object of-tlpe present invention to overcone
partially or wholly the above 15 referred to di sadvantages. According to

the present invention there is provided an electronic circuit including:

(a) a first node arranged to be supplied wth a power supply voltage; 20

() a second n@@Erears) ag Mdltages\at ¢hileyed evhdmth deneeptadd tivetbheen sai d
first node and a third node; (d) a first capacitor connected between said
third node and &iff@rEnceodetween the battery voltage ansedhed voiditags ng

el ement connect ed bﬁ%ﬁgfn'said fqQurthe node and a reference potential

poi nt of said ciS&R to $he mlectingnie Giincithg adide fe uUrEsRte flow

bet ween said foypt.h,.nede and . sai.d _second nade; a fourth sw tching

el enent connect g’r&lg:& \X’%ensu%’aslt&qtfﬁar Yn(ﬁ?é‘ag‘ng:%%tsge@ﬁd’%éf‘ Fhe

(h) a second?]cagq(éicttq.ron ?%q%itto be charged in accordance with the
ch i to )

vol t age whi I's supplie _
: As a result, a relatively high power

consumption'takes piace_in fhe voltage regqulator.
On.the other hand, fhe curreht to be
supplied by the battery is substahtially reduced to a
10 quantity equal to the reduction.in the current consumed
by the electronic circuit. Cohsequently it is difficult
to substantially increase the life of the battéry.

It is therefore '‘an object of the present

invention to overcome partially or wholly the above
i 15 referred to disadvantages.
| According ‘to the present invention there
is provided an electronic circuit including:
(é) a first node arranged ﬁq be supplied
with a power supply voltage;
20 (b) a second node;
(c) a first switching element connected
between said_first node and a third node;
(d) a first éapacitor connected between
said third node and a fourther node; |
25 | (e) a second switching element connected
between said fourther node and a reference potential point

of said circuit;



. -
sai d second node; (i) a clock pul se generator nade operative by the N/
| tage, which is supplied fromsaid second 10 capacitor, to generate .~
ock pulse partly for substantially sinultaneously turning on said fiksf ~
and third switching elenents and partly for substantially sinultaneously
turning on said second and fourth switching el ements during the tinme period
which is 15 different fromthe® ON' tinme period of said first and third

swi tching el ement §;.,and .(j. .arter i i rative to supply
signals for sunul?g e%ugﬁg%ﬁﬁfﬁﬁﬁﬁ%gﬁgqt1%%5?% g%ﬁ%%ﬁ%%ﬁlaﬂd'fourth
swi t chi bgtweene sad &l fourdgha nedepeadetsaid segondnnodersi od when the power

supply is connect qg) ENeRreHeRl1itdaRg @1 etide Menduwiascribed in greater®
detail by way of exanple with referenceé to the acconpanying draw ngs,

wher ei nPetygen said thirg gode and; sgid FecoRu iR ishowi ng a first .
enbadi ment of an glhgclar geiceond kcapalcitorg arZzAnged 2B &ee chargad di agrans

Il lustrating the_operat.ing, princi;pl.e of .t.he el ectroni.c circuit shown in
Fi gure 1h ggcordance Wltgi§%e3vfgggg§eﬁqé§ of SnalVk gfﬁ§fﬂ¥1ustrating t he

oper at i saidf selcond modiet; shown in Figure 1; Fig. 4 is a detailed |ogical
circuit di agram shqQw Rg Aleek$ul @Ndehbrle ot Hide bpddative IS a series of
wavefornms illustrating 35 the operation of the circuit of_ Figure 4; - 3a
- by the voltage, which is supplied from said second
10 capacitor, to generate clock pulse'partly for
substantially simultaneously turning on said first and
third switching elements and partly for substantially
simultaneously turning on said second and fourth
switching elements during the time period which is
15 different from the "ON" time period of said first w
and third switching elements; and
(3) a starter which is made operative to
supply signals for sumultaneously turning on at least
said first and fourth switching elements during a
20 predetermined time period when the power supply is
connected. :
The present invention will now be described
in greater detail by way of example with reference to
the accompanying drawings, wherein:- : : -
25 Fig. 1 is a circuit diagram showing a first
embodiment of an electronic circuit; -
Fig. 2A and 2B are circuit diagrams illustrating
the operating principle of the electronic circuit shown
in Figure 1; ' _
30 Fig. 3 is a series of waveforms illustrating
the operation of the circuit shown in Figure 1;
Fig. 4 is a detailed logical circuit diagram
showing blocks 5 and 11 of Figure 1;
Fig. 5 is a series of waveforms illustrating
35 the operation of the circuit of Figure 4;



ﬁLg. 6 is acircuit diagramshowng a level shifting circuit; Fig. 7 is a
circuit diagramshowi ng an inverter circuit; 5 Figs. 8 and A
@re\gpaphs illustrating the characteristic curves of the circuit shown
.Figure 7; Fig. 10 is a circuit diagram showi ng a second enbodi nent of a

el ectronic circuit; 10 : Fig. 11 is a circuit diagram showi ng a
third enbodi ment of an electronic circuit; Figs. 12A and 12B are circuit

di agranms showi ng the operating principle of the circuit shown in Figure 11;

-4- Fig. 13 is a series of waveforns illustrating the operation of the
circuit of Figure 11; Fig. 14 is a circuit diagram show ng a fourth
enbodi nent of an electronlc circuit; 5 ~ 3@ - Fig. 15 is a series of
waveforms illustrating the operatlon of the circuit of Figure 14; Fig. 16

is acircuit d|agran1shOMFmg aef ikt o edbedinedtagiaan shbedhgori tevwelcuit;
Fig. 17 is a gra% f|tII sErgglng the 10 characteristic curve of the circuit
shown in Figure é #lé a detailed logical circuit diagram show ng
the bl ock 28 of Figure 16FiBi.g7 18 asCargéﬁﬁeélégrﬂ@véh@WWﬁalBpustratlng

the operation ofiptRerell e4irbyghown in Figure 16; and 15 Fig. 20
is acircuit dlagran1shomnn a sixth -
5 s. 8 and 9 are graphs illustrating the
characterlstlc curves of the circuit shown in
Figure 7; )
"Fig. 10 is a circuit diagram showing a
second embodiment of an electronic circuit;
10 | Fig. 11 is a circuit diagram showing a third
embodiment of an electronic circuit;
Figs. 12A and 12B are circuit diagrams
showing the operating principle of the circuit shown

in Figure 11;
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. nbodi nent of an electronic circuit; and Fig. 21 is a circuit diagram A\
(§§§homﬁng an exanple of an electronic circuit, not formng part of the :
I nvention. In the first enbodi nent shown in Figure 1, 20 a stabilized pater ~
~supply circuit is applied to an analog type electronic wist watch, the
latter only being shown in a block form In this enbodinent, a lithium
battery is used as a battery pover_ supply V It should be noted that a
lithiumbattery has hi gher storage energy than a 25 silver oxide battery of
the sanme size. Elenents formng the circuit shown are constructed on a -
si ngl e sem condudti@. ddodis & saniashofvmavedieams ANAStIaSH%nentary type
net al  @pedepeeatdAHdUEHE Fhe) dilRENalad rGiguxrd 11130 techni ques, except for
the battery power_supply Verr], capathorsﬂLe&g%ﬁ, -5- and Cl1, a quartz
crystal unit [erfi9-a dnitcR SWest ta HASFF hFhAtee @ The semi conductor -
subst r flomrith emriditeirad ofldmh@lgcEnich@tcudftn type single-crystalline
5 silicon. . On.the sem _conduct bstrate,. ther . or med
p-cﬁannel type i r?SIL?I’atltesd J'gs-a'fae |Jell%:il.’ ec%" é"(sza[q'et%roarﬁ“ssl s”tlolrugs H%;lgllgaafter
r ef er r et OpeTatOSFPEEs the ci@euite ofefigwrdudtdor substrate, noreover,
there is forned @i@%t MRe i4eld Jiedhant \Wiiagtadm dH¥Wings & |d, Wi th 10
n-channel M SFETs. “The M_SFETs of the sane conduction type are
si mul t SALEGLMEIEA L A&t &d SRFTOMHT SR i nt egr at ed
Fig. 17 is a graph illustrating the

10 characteristic curve of the circuit shown in Figure 16;
Fig. 18 is a detailed logical circuit diagram
showing the block 28 of-Figure.IG; |
Fig. 19 is a series of waveforms illustrating
the operation of the circuit shown in Figure 16; and U
15 Fig. 20 is a circuit diagram showing a sixth
embodiment of an electronic circuit; and
Fig. 21 is a circuit diagram showing an example
of an electronic circuit, not formihg"part Sf the invention.
" In the first embodiment shown in Figure 1,
20 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 embodiment, a 1ithium-battery is used -
gs® It should be noted that .
a lithium battery has higher storage energy than a -

as a battery power supply V

25 silver oxide battery of the same size.

Elements forming the circuit shown are
constructed on a single semiconductor substrate by
the well known CMOS ("complementary type metal
oxide semiconductor") integrated circuit

30 techniques, except for the battery power
supply Vggr capacitors Cy, C,, Cyq



same threshold vol tages. 15 It should be noted that the
r_efmnces Pl to-[err] appearing in Figure 1 indicate the external

ter al s of the sem conductor integrated circuit device. The electronic
circuit includes a step down circuit 1 whighenakes use of the charges on

QL_LCUIt device fabricating techm gues so that they have substantially @

capacitors. 20 The step down circuit 1 conprises: a switching M SFET

[err] a capacitor [err] a switching MSFET Q and 3 a capacitor C2,

whi ch are connect ser vol t I and

an earth term nal évvlét@fn ng%ﬁ]&[ bﬁs‘iev%t |€g§6}f1ﬁé€‘t%@ al'lgl)dl

paral l el 25 amstneplpmg imstor rMui t- consisting of the capacitor [err]

and the svvltchlng M SFET [err]; and_a switching M SFET [err] which is
~connected in parall el withafesenicerductonsubs; gﬁﬂ%‘h#@ epnstruetedchi ng

'[MerSrF]ETa?eag(c)]I the &f-?i’&\'ﬁ%ﬁn ﬁann&?"{ spe%t%S%!égig n“gg?éery vﬁ?% :grgtra] He

[suppi i ed 5[ to] t heilbeomnal Ir'l:l},e fwanbcomvm( i;.]oae tﬁﬂbﬁrd‘vhe, tli'émlze I\Ah:&‘EETs
err to [err typ regi ons t hough not shown ich are
i ndependent of or&’é‘?&k&f%ﬂ@‘?’orm a@%@é%&%ﬁﬂﬂﬂ |¢f@%§¢1ét ed
circuit. 5 sve t he
substrate effect, r%% jé?/;nt?* [ ngpﬁ%& r%%?sé%%&]&%c%rat e %h:ﬁ'gs r ,cb‘%ts_

p-type well regi dthelmicmuqtmmmm,t mdreover 1 tidre ets]ﬂmned

whereas the sw tching M SET bstr gat e eI ect rically
connect ed 10 apt t'é?HrFa?aSFQ &i&k ai'é" r?{f-m SFET
[err] hasqgts sutﬁié@gﬁi&ptmm.rl cally connected to a

" The MISFETs of the same conduction type are

simultaneously 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 :
' P1o appearing in Figure 1 indicate the extermal terminals
of the semiconductor integrated circuit device.
| The electronic circuit includes a step down
circuit 1 which makes use of the charges on capacitors.
20 The_stgp down circuit 1 comprises: a switching
MISFE? Q; a capacitpr C1; a switching MISFET 03 and
a capacitor CZ,'which are connected in series between
the battery voltage"terminal P1 and an earth terminal Pz;
a switching MI__SFET.Q2 which is connected in parallel
25 with a series circuit consisting of the capacitor c1 and
the switching MISFEI.QB; and a switching MISFET Qh which
is connected in parallel with the series circuit consisting
of the switching MISFET Q3 and the capacitor Cz.
The.:espective switching MISFETs 01 to Qh are

30 of the n-channel type, so that the battery voltage supplied
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¥

erm nal P5. The sem conductor substrate acting as a common substrate gatée.
r.both the p-channel type sw tching 15 M SFET and a variety of
/ ke/

-channel type M SFETs for conatructing such various circuits as wll
descri bed hereinafter is elett

t er m nal

their regpetheveerindangd Pol

he output clock fni e

and
10

15

20

efe
I've by C

and

with a terminal Py Likewise, the switching MISFET Q
has its substrate gate electrically connected to a
terminal P5

The semiconductor substrate acting as a common

3

substrate gate for both the p-channel type switching
MISFET Q, and a variety of p~charmel type MISFETs for
constructing such various circuits as will be described
hereinafter is electrically connected to earth thrcugh
the terminal P,. |

2°

The capacitors C1'and C, are required to have

2 .
a relatively large capacitance such as 0.001 pF 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 capacitors having large values of

25

capacitance. into a semiconductor integrated circuit
(which will hereinafter be referred to as "IC"). In
the embodiment shcwn, the capacitors C1'and CZ are
connected to the IC through the externallterminals P3,
Ph and P5

The switching MISFETs Q1 to Q& have their gates

iTally connected to earth through the
P2.. The capacitors [err] and [err] are required to have 20
relatively | arge capacitance such as 0.001 [err]F to 0.1 [err] because
hagea nega&ivé polapetyover Theppl y vol tage to be
_supplied to a voltage reqgul ator 2. However it is difficult to incorporate
the capa¥iBBEEsnhRyi #g ParBEVFaPU§¥PGfWE§1 regigngafrithoughnneta

sem cond a I a r f

"1C). Hﬁégéae eng%déﬁgn?haégbhdgﬁgesgaggélng%ﬁ gr% . fggFégrﬁ

cgnnecteﬂ%éoset*;gﬁ#ubtcngmntbgretedrﬁabcumﬁn1nals P3, ' Ler 3
e switching s [err err ave t at.es -7 supplied wt

g E% kp]mgaimgzeoﬁhg ¥p EﬂSQeQEPEtQPelfOV|a a leve

shiftin r T g

S|nulta%g%%s %e% g?eg? 6 ?h& SNE§EEI€E Fses r%%hangg[err], 5

respectlsub;trahergate;hﬁ.ew&t¢hsnp—h&§EEWellerekiondelectbieakly

si mul t aneousl y.

during aCPPREck

and [ erryyspgd EO”HHEtlts subBehate

[err] and [err].

30

d t by th | ock - pul
é&nUgre guc }1}’@,}, i’hat'shgf‘ggﬁ ﬁes%kgﬁﬁg M SFETS] [err]
BatkOeb@trcat1y"8onABRELRC" S [€rT]

Ered to as »



M SFETsS [err] and [err] are rendered conductive. At this state, the
gapaci,tors [err] and [err] of the series connection are charged by the

vol tage of the battery supply [err]. 15_ - Referring to Figure
2B, the capacitors [err] and [err] ar& doffnected in series, with the result
that the swtching M SFETs [err] and [err] are rendered conductlve The

out put vol tage of_ the ste i rcyit ro q nal s
of the capaci t or P 321(9 Qﬂq&% U‘*’é\fﬁ&ﬁ”ﬁphﬂ&ﬁ% Ue's%gf t"haetpt(ffglrtgance
of the capaci tor gl ]Igeﬁc‘i"aﬁ:%&"’ har e1al Iavalewdlarsmarﬁmg edireuit tvdi2.age of

the step down circuit In the state of ure 2A takes a value which is
substantial |y deterni ned mmwnao tt@@szﬁ are sipwlianeousty

%grggs thevghtg e ggg%é’fia 3"&?3’? ?&&% (of rcbsmt% %azp%stdngét gt anf terrl

Figure 2 takes &-éb&id&i%l?h iwhel@ad Fihee GwiitcHing MISFETE Qpeed ﬂzarges
of the parallel connected capamtors [err] and [err]

meki ng the val uesste cdpaditanesusdy rendered,& %K&jt"@:rggycfh&ndﬂ@?ke@ﬁtsyetso

each other, the o | t I

Figure 2A and th p%:fwgl?&g&g@flﬁhﬁ ep%\éat;ﬁfqi%%yglﬂ% f'ert I:l:%he state of
Figure 2B can be W%ﬁ&d&ﬁn@hmsmi‘s aébamnto ldne mtmmxcdalve‘al ue, i.e.,
substantially one half as hi as the vol t age t he batteryosi‘tjsp%ya\zlldBy

1Q,,, ., C are connected in series with the result that the .2 switchi@ R

the series-parallel conveR§ & Figure 2A the capacit
10 02 are connected in series with the result that the
switching MISFETs Q, and Q, are rendered conductive.

At this state, the capacitors C, and C, of the series
connection are charged by the voltage of the battery
supply vSS ' :
15 Referring to Figure 2B, the capacitors C and
C., are connected in series, with the result that the

2
switching MISFETs Q, and Q4 are rendered conductive.

The outputzvoltage of the step down circuit 1
is obtained across the terminals of the capacitor C2
20 By making the values of capacitance of the
capacitors C1 and C2 relatively 1arge, the output voltage
of the step down circuit 1 in the state of Figure 2A
takes a value which is substantially determined both
by the voltage of the battery supply and by the -

25 voltage dividing ratio determined by the capacitors C1
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 C and C2

30 | " By making the valuesof capacitance of



. _of the capacitors [err] and [err], as has been descri bed above, the current.
ich flows fromthe battery supply 10 [err] is substantially one half
) high as the current which flows to the voltage regulator 2. As will Qe -
. apparent fromthe operations ok g8he step down circuit 1, the sw tching
M SFETs [err] and [err] may be rendered conductive in a manner to
conpl enent the 15 switching M SFETs [err] and [err]. For this purpose,
t he swﬁtthéngapﬂsﬁthts[ﬁir§n¢[62r?quﬂa tor epcbantberdr thenouyput i dentical

cl ock | se, whergas, the i teching,M T rr an,be driven by the clock
pul se 3HY§ﬁtﬁ§§-é phe e’BéﬁgéPvé gérfﬁgﬁcﬂggﬁ-%aﬁsgthF ﬂ#YVingythe M. SFETs
[err] anpiglre 2A &4d the! 8uEpG8Sfolbagever. the stepl @awhneipeditrdiling N

edge characteristics of the clock pul ses, both-the switching M SFETs [err]
and [errinathepstatenef sRigunengB\rerctre reducpdr tp &re si nul taneously .

sadvaneapeteptibEY EapiEa sl ShiaRy! B0k SUBNBReRBeRAELE Bl 1) o ar e
si mul t anpayg! asrBIgR' &8 tREGV6Ltiuge bifcthat -bat_y:g@-ypahppiyrv% and. the
capacitor [err]. are coupl ed through_ 30 those M SFETs [ $r] and [err].

As a result, the Biataengeriesspayalisdeconveréingpaperationsr] is raised
L0, BoroBE 48, UEphREPotRcY, VRhAI, . 5! R R YeBRLNRY! 20, 1V, 0110
the char ﬂbﬂﬁeﬁOthég&x?fgﬁhewﬁ_ﬁahcﬂﬁﬁsci’:phhthéobhwﬁryosbppiy
supplied to the voltage regulator 2.is raised so as to increase the power
18ss in Vggels,substantial y 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 i, the swit§hgﬁg MISFETs CH and 03
may be rendered conductive in a manner to complement the
15 switching MISFETs Q, and Q. For this purpose, the switching
MISFETs QH, Q, and 04 can be driveﬁ'by an identical
clqck pulse, whereas the_switching MISFET Qz can be
driven by the clock pulse which has a phase opposite
_ to the clock pulsé fdr d:iying'the MISFETS_Q1, 03.and
20 Qh‘

;)

In this case, however, by the leading and .-
traili ﬁg edge characteristics .qf the clock pulses, both
the switching MISFETs Q, and Q, and both the switching
MISFETs Q1 and Q4 are simultaneously rendered )

25 conductive in a transient mamnner so that the following
disadvantages result. : N | -

. Firstof all, 1f the switching MISFETs Q and
Q2 are simultaneously.rendergd conductive, the battery
supply vSS and_the capacitor 02 are coupled through

30 those MISFETs Q1 and Qz. As a result, the charging



Eggemrse, when the switching M SFETs [err] and [err] are sinultaneously
rendered conductive, the charging voltage of the capacitor [err] is rai .

aaresult of the rise 10 ~of this capacitor [err], the charging

voIt ge of the capacitor Cis raised when t@p_parallel converting operation
Is 2 started. As a result, the power loss”in the voltage regulator 2 is
increased. In order to prevent the i ncrease in the power |oss, 15 t he
clock pul ses [ erjdh tagd @t It %&t"di- hﬁvqss'ﬁfls@dmﬁws A3 ghle® YAQWE tHan
Fiqgures 5Gto 51, respective y en the @ ock pulse [err] is raised to a

high level at t et mhitcho;ssdmmdnbd bwb@mmodmageemdﬂ.ngemttho of

potential, the ock pul er ] arse to a hi Iev 2
time t11 after g%ﬁ %ﬁéiiﬂﬂﬁ Iapggﬂ %@F rise

Wien a time perifp@ ¢ha?33ng 128 »dw gL, [Q:hre] vlaastafgél enbbo
a low level whichis substantlally equal to voltag@ [err the ¢

pul se Perr] fal lsuppdied chn rtaeemltagamgﬁama dstinad ised a8 ZQ

has el apsed after the cI ulse i#T n to the low level, the

cl ock pul se [er P %%?%%5 8“Fﬁb 5% en a time period [err] has

el apsed after the cl ockmwesﬁgeer%eha%hfealgﬁmdﬁ@msmgﬁse‘ql athQACEPQK

pulse [err] is raised again to ’t he hi gh | evel
vol t age regulat@ﬁmglmamaomeiytmsn@gngm‘conducpdveuv&h@agba@ginuevgﬂeessomn

3'4;3;%%”;“[2?%%'“ e 243 PR S el BB e
such aqpal ue asoﬁstﬁﬁ%PE%$acitor C,» the charging 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 prevent the ihcrease in the power loss,

| 15 the clock pulses ¢1"to ¢3' are made to have such timings
as are shown in Figpres 5G to 5I, respectively. )

When the clock pulse d1 is raised to a high level
at the_time t10, so as to be substantially equal to earth
potential, the clock pulse dz' is raised to a high level

20 ' at a time t
time t10‘ Z'has elapsed after the
clock pulse ¢2' has fallen to a low level which is
substaptially equal to the voltage VCL’ the clock pulse ¢1'
falls to a low level. Likewise, when a 'l:ime_period'z3

25 | has elapsed after the clock pulse d&' has fallen to the
low level, the clock pulse ¢3 is raised to the high level.
When a time period Zh has elapsed after the clock pulse
53' has fallen to the low }evel,'the clock pulse ¢1' is

"ralised again to the high level.

30 The voltage regulator 2 receives the output

14 after a time period Z1 has elapsed from the

When a time'period Z



5 . tothe vicinity of the operating | ower 1imit vol t age of each W
ectronic circuit. The nom nal electronotive voltage of the lithium .
%tery is about 3 V so that the output voltage of the step down CII’CUIUS «
ordingly set to 10 about 1.5 V. Consequently, the operating lower limt

vol tage of the various circuits-ib0set to 1.2 V. The voltage regul ator 2

conprises: aPredpdnet {ydes CoNtddn MSREI { ef r'dhrogH Cit pas its drain
coupled 15 to the |% line 12-and i.ts source co&ﬁpﬁled to the output |ine

13; a differdgititl Iﬁjl%"fppzb“f%r sSb §AHy PGt At Viditage to the gate
of the cont rcnlt.;i\df.SFJELTnéer | arefarence woltage gentheradogagel for
supplying a ref ZIJZS ettff)o Zouéthhe d‘}fference a rI.|f| eJ 20; and a -
| evel shifti n rccﬁ e FRf et enc v%lll{ gae A1 cUi PPEA conpri ses

M SFETS5 [ er rfo ttme [\excrijnltaunobfa thsieneratiorg |lowere MBREVdltade has its

gate and drgif snesietd lonid genesat e such a constant vol tage between its:
drain and source as substantially corresponds to the threshol d voltage

thereof. This conStaMeoRtthge! $ St MM YO 138 Rff Y YHPMTSFET [err]

This M SFET t{aewe]py esd adddwthes Vitsd tﬁuattr ate ouk@it wardags at such a 1evel
as iIs determ both 30th nt_vol t suplledtothe drain

t her eof and cf esﬁ PSR e s S oraﬁce?rfqt% eti®ed*? 0 the source

t her eof10 a'l&m.lidr‘a-l‘.’n Cur r@nseﬁuttm@lm SHEer CEHrra]tifds)Wsowetr t he

limit voltage of the various circuits is set to
.2 V.

The voltage regulator 2 comprises: a p-channel

type control MISFET Q,, which has its drain coupled
15 to the input line 1 '
the output line 13;
for supplying a control voltage to the gate of

> and its source coupled to

a differential amplifier 20 <

. the control MISFET Q1h; a reference voltage gen-'
erator 21 for supplying a reference voltage to
20 the difference amplifier 20; and a level shifting
circuit 22. |
The reference voltage circuit 21 comprises
MISFETs 05 to 08 and a resistor R7;
The MISFET Q8 has its gate and drain cennected
25 to generate such a_constant voltage between its -
drain and source as substantially corresponds to -
the threshold voltage thereof. This constant -
voltage is supplied to the gate of the MISFET Q
This MISFET Q. establishes at its drain a drain

7
current at such a level as is determined by both

7

30 the constant voltage supplied to the drain thereof -
~and the resistance of a resistor R1 connected to
the source thereof.



for biasing the MSFET [err] is accordingly supplied fromthe drain of

M SFETL 5 The out put voltage of the reference voltage cir

21, i.e., the drain voltage of the MSFET [err] is used as the gate bia
voltage of the differential and constant «uttent M SFETs [err] and [err] of
the differential anplifier 20 and the constant current M SFET [err] of 10
the level shifting circuit 22. It should be noted that in the reference

voltage circuit 21, imedi %?éa ﬁ{gh ed
betweenthetermnals P1 afttﬁdé:P éteéu SFET ?E)T has |ts%tee ectro

pdt enti al mai nt ai ESFEB Q formingre lpaxt oo &l current migriederediroad ¢ |sce by
the stray capacitgnce of he circuit M SFET ender ed
conduct | ve byt e RS (SR RET IRt 107 dipniag e HIEFET dg s the

ref erence vol t agedddradnely duptiféd b thd i (6 ytﬁémtsmerd

connected. 20 T evel shifting circuit 22 conprises: the
constant $urrent M SFET QiThe aoukput |m@tam|d£|m M’%ti@e rfoktagect ed

|0 e Con DU S et {5 SSTBLE il Pl ) SR e

shifting M SFET uge f&é“éﬁt@ 2id Braglviley twttﬁe 1 fférdnt{d® and
differential anplifier 20 conprises: the difTerenti M SFETs [err] and

oy

M\%FET Q form ng a parie of a current mirror circuit so that a drain curré%t

“/.' :

[err]; a constanconstanttcutrSIetr MISFEWB %1 tafl the tdkffarantiial
sources 30 of t |ff ent | M SFET, M SFETs
‘[err] and [err] rfét,d(a??cf’?% %W?ﬁgé}}ﬁi
10 the level shifting circuit 22.

It should be noted that in the reference voltage
circuit 21, immediately after the battery supply VSS
is connected between the te_rm:l,nals P, and P,, the

MISFET 06 has its gate electrode potlntial maintained

15 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 a result; the reference voltage circuit 21 is started
when the battery supply VSS is connected., |

20 The level shifting circuit 22 comprises: the
constant current MISFET Q16’ and a level shifting
MISFET Q

15
- generate a voltage at a level whichhas fallen by an

connected in diode configuration so as to

amount equal to the threshold voltage of the level
25 _shiftin_g MISFET 015 _.from the__ voltage _at the output
line 13. __ _ __ ._ _ .
_ The differential amplifier 20 comprises: the
differential MISFETs 011 and 01 2: a constant current
MISFET Q, 3 which is connected to the common sources
30 of the differential MISFETs Qﬂ and 01 2; and MISFETs 09
and Q1 0 which are connected to the drains of the



-12- M SFETs [err] and [err] in order to forma current mrror circuit. I nv
differential anplifier 20, the common gates of the differential M SFETs
] and [err] and the 5 drain of the differential MSFET [err] =
comStitute a non- inverting inputl2erminal, an inverting input term nal and
an output termnal, respectively. A constant voltage substantially equal to
the threshol d voltage of the MSFET [err] is applied to the gate 10 of

the MS LS 1 oridir RS-#dP4Fd Icirrietit mii&gy nal of that
dlffere% al arrpq"ﬂfler 2002 whereas the stabilized out put voltage [err] of

the M SkdPeuite. which acts as the inverting input terninal, is applied

t hrough the M SF ri t he t.e of & T rr Wmch 15 acts”
as the inverfingi%b& tdértorf"n %i'e%lr‘gﬁeﬁﬁu a"T[’ﬁﬂ c]ﬂ MO0 control s the
i rrpedanfgﬁ&f Uzeﬂﬂélaiheren%am %etéme dlavigig ite | evel shifted .

by the threshold voltage of the M SFET. cones uaI to the constant
5ol tage@'@i&&fe(ﬁ'&) ufrmmmm Q] cmmﬂ t§ mdwe st abilized

out put voIt Q_h nerat d-at_t n val ue equal to
t he sum itn&’d‘g"' &Y M é&é"fert"ﬁ'é‘eﬁ‘ SFET [err] and
the vol tﬁmamwmﬁ erutRll 2 Tesp ecﬁvﬂﬁd by the M'SFET [err]. The
stabilized output voltage [err] is set at a value close to the operating

lower limt vol tég@mfsm oralage tﬂﬂbﬂ#ﬁnﬁlﬂhble}quﬁmmlm t he
respectl t%‘éﬁt%hg' t;L o%c":t-{ae MI% °e &n%p%ie%tt htehega as current
10 of the MISFET Q" ’ which acts as the non-inverting input

terminal of that differential amplifier 20 whereas the

stabilized output voltage V CcL of the MISFET Q12, which

acts as the :I.nverting input terminal, is applied through O
the MISFET 01 5 to the gate of the MISFET Q1 20 which
15 acts as the inverting 1nput terminal.

' *  The differential amplifier 20 controls the
1mpedanoe of the MISFET Q1 4 such that the voltage having
its level shifted by the threshold voltage of the
MISFET ¢.'L'5 becomes equal to the constant voltage generated

20 by the MISFET c:8
As aresult, the stabilized output voltage vCL_
to be generated at the output line 13 has a value equal i
to the sum  of the voltage between the drain and source
of the MISFET Q; and the voltage having its level
25 shifted by the MISFET Q1 5° .
The stabilized output voltage VCL is set at a
"wvalue close to the operating lower limit voltage of the
circuit both by suitably designing the :est:ec.tive sizes
‘of the MISFETs Qj and Q. and by setting the bias current
30 voltage thereof.



fi§> Incidentally, as a result that all the respective M SFETs of the ;
circuits described above, have nutually similar threshold vol t ages, theéﬁ>'¢
stahilized output voltage [err] is automatically set to a value which i
suitable 5 for the supply voltaggxsfar the circuits irrespective of
both the dispersion in the absolute values of the threshold voltages of the
respective M SFETs and fluctuations due to tenpérature. In the case where

the operating lower limt s age _of the o] escribed circu
'|se|n2reasedgby an |ncreaségcﬁdfﬁgxgh&ésﬁﬁlé VSFPSS ¥5F€ gi %ﬁﬁaﬁﬁgpec%ive
M SFETs of the abMISFET&Couift thet 8&reul ket degkir2BedChbLYE, ra&eeeaﬁeuamiyage
Gircuit 21 is increased bé@gn I ncrease in the threshold voltage of the

p-channel 15 simiter threshgold vedtagesa §h9pBtabil&zsédoutpu&gvoltagk

d f I Lik re the
Herating ower | VoL 18 pRAYERRERRTLY, o8y, o pFHIEE: which: SacEREASBEA
i ncrease pn the tMbesthbdsupblyg?omtanefBrCﬁHénéir&hﬁEETiPPeEBSc€§9¥eofo
circuits, the VOling having its | eve the |l evel shifting

circuit 22 is inc edhsy ﬁp¢ﬁ§1@§sén|ﬁhPh€b$ﬁiﬁ§Hovaluesta@etbé threshold

Caea. L e so, YE3EhEES BB, FosplEEYEPUESHRRL I8l ZELLchieRERE" Y

vol tage of the abdue tortemperasureduced, the voltage [err] is also
properly reduced. The CIFCUItS 20 to 22 can be operated by a very snal
bias current such as 10 nalnpihe cage| yherei thengpenatingeipweri Lbmit SFETS

[err] to horr] angdoiBggd0osr the' 85594 hebElibea circuits is increased by
an increase in the threshold voltage of the p-channel
MISFETs of the above circuits, the output.voltage of
the reference voitage Cirguit 21 is increased by an
increase in the threshold voltage of the p~channel
15 MISFET 08. .As a result, a properly raised voltage VCL '
is supplied from the voltage regulator 2. Likewise,
in the case whefe thé operating loﬁer iimit voltage of
the above circuits is incfeased by an increase in the
threshold voltage of the_h;channel MISFET of the above
20 circuits,'the voltage having its level shifted by the
level shiftihg circuit 22 is increased by an increase
in the threshold voltage of the n-channel MISFET Q15
As a result, the output voltage VCL is properly raised.
| Likewise, in tha case where the operating lower
25 limit voltage of the above circuits is reduced, the
voltage VéL is alép properly reduced.
The circuits 20 to 22 can be operated by a
very small bias curfent guch'as 10 nA, by suitably
designing their'respectifé MISFETs Q; to Q,. and the

5
30 resistor R15



*. -14- The supply voltage for operating the differential amplifier 20 is ~/

supplied fromthe step down circuit 1, whereas the power supply voltage for

, Sgeferatlng the reference voltage circuit 21 is supplied directly 5 <

' omthe battery source [errt. 14f=the reference voltage circuit 12 is

constructed such that it is operated directly by the battery supply [err]

as has been descr|bed her |nbe£§ , const an % volaﬁge to be used as a

satisfactory refer8fc8URBLY VO BSFagErd%HFE% FREd fron1the_reference

vol t age % tkgr e r C :

consunpt?%gﬁgrgﬁﬁlﬁi Eg?lifigf éé iE éu%?i??a f?%g ?g e?gﬁg ol t age

circuit EircuituﬂtlvheneaSOtbenpowee supphytunitagbtage epenatthgtively | ow™
h corresponds he t resh d vol tage of

 heCin orihe, EPeeRehos Vel Bage: sirRultr200Ls ENDPLISE: ALERCENS | on of the .

ef erencerynl tRgCLaLEELY! sdtrckhgrefore, the supply voltage may be obtained
$r0n1 therstep Somn C|#guft 1c|n §Sn1|ar manner to.the differential

anplifier 20. 20 If the referente yhdtagebeimroudd f1Rallsa capacitor C4,
whi ch i s connect d bet wee a t he ,M.SFET earth, is
prOV|ded°ﬁ§FFFV° SR 1 2 e Rl b e T ey PR Pt M S
partly tBaEtS gbﬁfyfVUCtuﬂk'ﬁﬂ§ baehh&e§E?Eb@EWﬁe¥EihﬁﬂfﬁB€”erated by

t he 25 own voSSage frombeing transmtted e gate of the
M SFET cn4cbnstantove1tagectpabetused és. e. sathefdckorygneferepaei t ance),

h bet t he dr he -M SFET by th
ABLE Rt Eags. Fofope agusnil da 2ol  the e rRaRtr B sb RRRy oL BB E™ They
capaci t apg§eeyranSe¥ tﬁeabéﬁtérvabltaéégisVreaﬁced_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 s
15 to the level of the threshold voltage of.the MISFET Qa.
In order to further reduce the power consumption of the
reference voltage circuit 21, therefore; the supply
voltage may be obtained from the step down circuit 1
in similar manner to the differential amplifier 20.
20 - It should be noted that a capacitor Ch, which
is connected between the gates of the MISFET °1h 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 voltege 1 from being transmitted to the gate
of the MISFET Q. by the overlap capacitance (i.e., the
drain-gate capacitance), which exists between the drain
and gate of the MISFET Q0 vhereby the stabilized |
output voltage VbL 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 v

CcL is used as



§Qgh as 20 pF to 40 pF. The stabilized output voltage [err] is used as -
15 - the supply voltage for circuits to be described in the foll ow ng. -
el egtronic circuits further include an oscillator 3 which is designed t(§§9 .
genefate a ref- 5 erence frequency .signal of 32.768 KHz. The oscillator 3.
conprises an inverter 1Vl acting as an anplifier; ‘an oscillation.
stabilizing resistor [err] a bias resistorlYerr] a quartz crystal unit

[err] ‘and capacitors [err] and {err]. 10 Referring to Figure 7, the

t nverter IV conprises an n-channel. type M SFET [err] and a p-channel type

M SFET [err] and is operated by the. supply voltage [err] which is supplied
f#om the vol tage regthat supply lboltage fite chpacitorso Gl desicCided or

determ ning the oscillagjon together with the quartz crystal unit
Xtal are selected-fr%ﬁ1%hgsg§{gﬁggﬁgﬁave capaci tances of a predeterm ned

tenperature coefficient, Whehebegtrarie ¢ioeeihy frethenpitratuie 20

coefficient of the ogsthi2htOR B RHUERCYs adéls fffed Ot HELeRSrEYECENALS -
el enents fromthe IC. The inverter shown in FlgureTg%iéHdesigned to have an
g

output vol tage char aBF8RF&tfEEIUGRFHSPLIERT Lt 3% 0 % which is
i ndi cated by a curve 25 BTbé EsguikaBorf3itempptsesiayg voleéeageri SVpade

equal to the batteranQELEQSSVQJhSmBiEPfgp?'aﬁy8§cﬁi§§FIb§?st£§i£?99§£ed

resistor R3;_a.bias-resistor RZ; a quartz crys;al
uni? xtal; and capacitors C10 and_C11.
10 . Referring to Figure 7, the inverter IV1

comprises an n-channel type MISFET on-and a
p-channel type MISFET 021,
supply voltage VCL which is supplied from the

and is operated by the

~ voltage regulator 2.
15 The capacitors C10 and C11 for determining
the oscillation frequency together with the quartz

crystal unit X are selected from those, which

have capacitanEZ; of a predetermined temperature
coefficient, with a view to reducing the temperature
20 coefficient of.the oscillation frequency and are
formed as external elements from the IC.
The inverter shown in Figure 7 is designed
to have an output voltage characteristics against
an input voltage Vi which is indicated by a curve
25 B of Figure 8 if its operating voltage is made
" equal to the battery voltage Veg-
The p-channel type MISFET 021

conductive when the input voltage V

is rendered
i is made higher
| than the threshold voltage Vthp thereof, whereas
30 the n-channel type MISFET 021_13 rendered conductive
when the input voltage Vi=becomes lower than the
value which is calculated by subtracting the thres-

hold voltage Vthn from the voltage



. 21 conductive when the input -voltage Vi is nmade higher than the threshol d\”
|tage Vth thereof, whereas 30 the n-channel type M SFET [err] is :
Qﬁ%grdered conductive when the input voltage [err] beconmes |ower than the/ -

ue which is calculated by sybtracting the thres- hold voltage Vthn from:
t he vol t age -16- [err] of ﬂge'line [err]. As aresult, a current flows,
as indicated by a broken curve B of Figure 9, through the source-drain

pat hs of .t he _series nnect ed S r].a erk] o ccgrdance with
_the chanaéLiﬂitﬁégi*ggf 3grtaggL5§EIgSL§gFrf.ggﬁkfﬁg g?ﬁg?’hghd, in the

case Wwhejfidibateandyca veoked aﬁ?véodeftF!gu?éaaﬁstnfohbh WheFETs [err]

and Q are inverted subsequent to the state, at which the potential at an

out put nsdurserdratnipathst oft thel sepies conneateeaMEﬁF§85e935a|, by the

of the VEERERoy cif sbffrbncs viEh: tnflCnbiER 14 1S EABREODORERRC MO -
ghich isycoupled to the output node [err], through the MSFET [err] from

the line ferr]. 15 As a result, the power to be consuned by
the inverter showAnj khei gher7handdcin, thacgape where: et hr ough current,

s o e R X AP NANY
di schar gand Qgrzraﬁésmeemtddf Babséqaentptoi the $tte, at which
the potential at an output no#e'Nb is held substantially
10 at earth potential, by the conductive state of the
MISFET 021
MISFET Q.., the charging current flows into a capacitor
Cos which is coupled to the cutput node N, through W
the MISFET QZO from the line 13.
15 As a rgsult, the power to be consumed by the
' inverter shown in Figure 7 is determined by both the
through current, which is established as a result that
the MISFETs Q.. and Q

20 21
substantially conductive, and the charging and -

and then by the non~conductive state of the

are simultaneously rendered

20 discharging Qurrents to and from the capacitor Co.

_ lThe range of the input voltage Vi, within which
the through current flows in accordance with the reduction -
in the voltage V on the line 13, is reduced, and the
level of the through current itself is reduced.

25 Moreover, since the changing fange of an output
voltage Vb 1s_redﬁced in accordance with the voltage vCL
on the 1ine 13, the charging and discharging currents
which flow through the capacitor CO a:e-reduced. |

As a result, the inverter of Figure 7 has its

30 power consumption reduced.



flows in accordance with the reductlon in the voltage [err] on the lin
Lernl/ i.s reduced, and the level of the through current itself is redu

' Mor eover, since the ghepgeng range of an output voltage VO
|s reduced i n accordance with the voltage VCL on the line [err], the
chargi ng and di'scharging currents which flow through the capacitor CO are
reduced. As a result, the Itivgehouldoberngted thatsaicure® A of pPigure 8

ti d d. b ted that A of Fj 8
LTl ust rat es {ﬁe“éﬁfmﬂ%ﬁagﬁeh@ﬁe £ Yol ERE® SRAFRELeRESTHOn A8 Nak0 of
‘tdhe-inverter in tige gzgﬁuth%ftﬁ?é Of't In.’éﬁ’*e”fr mﬁ%rthé’fcés‘@ Mgé%@g&;e

regulator 2 is suppli reas sol curve A
of Figure 9 |IIusoutmu$ vobtageo eﬁrthatvobt&gornsgutnmorhz isveupplied

desi gned Lo have ch C s_of the c e A of T
oscillato? 3 of F %u aig% 31é¥h5r?%?e?eﬁ3 Opurve'izggugtg?r%qgnal
having a wavef or i FiwatAdtés théi BErsaYR. cuPrént ChAVRToe s SAEACKhei gnal
is supplied to an inverter 4 acting as a waveform shaping circuit ichis

receptive to the inwenger[tsr4eohsnoo tonkayerthe acharactephsyics ovf athe 15
As a result, the énvert f ﬁ ner §S ‘the reference frequency-signal, which-
has its waveform 2 signal, in accordance with the

si nusoi dal reference frequzﬂeyo§¢ﬂmﬁét§#pylbdef§u$§e1q&&oé+&%&% 8 rédférence

out put S|?nal of the inverter 4 is su
frequency signal hav ng a waveform similar to a sine wave.

fhg range of the input voltage [err], within which the through current e
q;;; 'f
c

This reference frequency signal is supplied to an
inverter 4 acting as a waveform shaping circuit which is
receptive to the voltage VCL on the line 13 as the
- supply voltage.
15 As a result,'the inverter 4 generates the reference
frequency-signal, which has its waveforn.shaped.as the
pulse signal, in accordance with the sinusoidal reference
frequency signal supplied by the oscillator 3.
B The output signal of the inverter 4 is supplied
20 through a line 15 to the input terminal of a frequency
divider 5. _ .
As shown in Figure 4, this- Irequency divider 5
' comprises sixteen flip-rlops FF11 to FF16 connected in

series and an inverter IV7

25 Each of the flip-flops FF1 to FF16 is designed
| 80 that the output signals at output terminals Q and Q
are inverted in synchronism with the trailing edge of
the clock signal which is applied to the clock input
terminal d thereof. _ o
30 o " As a ‘result, in accordance with the reference



+N%

20 - through a line [err] to the input termnal of a frequency divider s~/
5. 'As shown in Figure 4, this frequency divider 5 conprises sixteen -
\ flip-flops FFl1 to FF16 connected in series and an inverter IV. 25 /-
‘ Each of the flip-flops FF1 to EF4@ s designed so that the output signals

at output termnals Qand Q are inverted in synchronismwth the trailing
edge of the 'clock signal which is applied to the clock input termnal [err]

t her eof It d th L
18- pul se‘@pgnaﬂmlggﬁé@szﬁ? R cmtBe a0 breniinf, throbe FhRo [orr]

fromthejypyetter hjeU ePtealy O 4g S r L the
out put te?%¥n35 F ?he fIP%ﬁflop F% %éﬁglggqu?gaglgg:ﬁs ?Bg 192 KHz is ®

generatedsagenbra&eﬂpat Zhe outpu¢r¢ewmﬂnaﬂ ofethei f1ipedlBp2FF1Li kew se,

‘Igllillgeafl gﬂgl P?TTRH 58, B Hé S ge ag%p%lleé out ut t rmi n%gggfgk\#e flip- flop-

srequencmsgmiﬂancBza&aeouuaﬁLf&%@nwwbe ff!ﬂk@ﬁ&%edlﬁlﬂﬁisé signal are

Supplied through a line [err] [err] to a wavef Or m Sh aping Circuit 6.
Thi s mavefoﬂwﬁsHZpisgg@nmvnﬁBGBaﬁstPWOwn¢@@ttGeguﬁaa&tefathalse signal for

driving pgl ar e pi tor, M and consists of a suitable gate

circuit, é}g 9& g&h§ @% ﬁ@? gﬁa%ﬂ th IS receptive to the voltage on

the Iine [err] asghie outipRity pdlsed @3 gnbils w&thgrgbgbggkgge0|rCU|t 6

supplies a pulse signal which has Its |evel raised substantially to the
frequencies, which are output from the frequency divider 5,

10 - are supplied through a line 1
shaping circuit 6.

This waveform shaping circult 6 is provided to

13 or 1 14 to a waverorm

generate a pulse signal for driving a bipolar drive o’
stepping motor M and consists of a suitable gate circuit,
15 although not shown, which is receptive to the voltage
VtL 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 V., and which is fed elternately every other -
20 second to lines 115 and 116' In order to reduce the
average of the drive current to flow into the bipolar
drive stepping motor M, the pulse-signais of the lines -
115 and 116 have their ievels faiseﬁ-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 substantially to earth potential in a manner
to correspond to the fact that the supply voltage supplied
to the external terminal P, of the IC has a negative
polarity, is deemed to be high, and the signal level,

30 which is changed'substahtially to the supply voltage level



véLrage.[err] and which is fed alternately every other 20

Jines [err] and [err]. In order to reduce the average of the drive

current to.flowinto the bipolar drive stepping notor

of the. lines 1

16 their one period,

noted that the signal level, which is reduced substantially to earth

potential in a manner to correspond to~t%e fact that t he supply voltage

supplied to the external terminal [err] of the IC has a negative polarity,

is deened to be high,.apd the sigpal,]eyel 0 l.ch is changed-

stbstantially to theéguggfychFYgge *%v%ﬁemeg- °9§eo¥QYhe circuit, it

deened to be | ow. The outpoe putsetspghse signde edveheorvashdeprmg circuit 6

i's supplied through LELEpOg Ci L CcUl /5 buf ircuits 8
Qnéﬁ%ﬁé émé&g 06 CJ& Hipprsl@ Ok Rk M {Efef

5 and 9. The out put |
are supplied throughSbhEtEngefhbfuirhi bl quipugnpuffer ocipeuth@rd)i zi ng
5 9 oindhe, bipolar drive stepping notor M 10

winding L 8

e sign out put bu

second t

o) -
i @ / ‘.’i'
M the pul se sign L

and 1 have their levels raised to.a high one during 15
e.g., for 15.6 mas. 25 It should be

circurts 8 and 9

As a

oL o LSRR 0 B 5 T R

reduced fromthe high lev
every other second, thecditse8candehtahavswpgpliedpbheougl theecexedrial one

SUppl%meEQaigePgngﬁgi?;ngowiﬂgi@9e¥gizing winding L -

second is 15

10

15

20

25

30

of the bipolar drive stepping motor M.

As a result that the output VOltages of the
output buffer circuits 8'and 9 are reduced frpm
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
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

R.
‘The bipolar drive stepping motor M usually
requires such a drive .current as is considerszbly

larger than the operating current of the respective

circuits. _ _ _ .
The output'buffen circuits 8 and 9 are so
designéd thét they-operaté 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

. can be reduced, and the driVe current of the

stepping motor M is nqt'supplied from the voltage

regulator 2 80 that the voltage V on the line

CL

'13 can be sufficiently stabilized nothwithstanding
" that the drive current is intermittently gererated.
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~ay

ult, the rotor R of the stepping notor Mis rotated a predeterninéd

al angle every second. The gear trains of the watch (not shown)
en once a second by the rotor 20 R. The bipol ar drive stepping/
notor Musually requires such a drive current as is considerably |arger
operating current of rheo respective circuits. 25 The out put
buffer circuits 8 and 9 are so designed that they operate in a manner to

‘r

ons. descr ROERORBEYCEnbBSPEAY ¥Lreke 6F HHE BUFPSBe rogul aior 2 30

grieé ciPQu}%s 8r 48 U1sembee& kbsms%aepias133h9éfwlis not

err] on the
line [erdpecn &hesubltagendrppswhbbhiZGBeSODBnbehinambbngolh&gethe drive

of tho oEBEULSBAF! e+ o r LORFEaREnTAYs PYR, BE) ShRORCRRE LRI VRLMRLS duc Lo

omthe voltage regulator 2 so that the voltage

8 VoRaphl ot tAKCBaktaey Einblly Vol (aes beed ator 2

conpl emeghgpitt pACLePVELFER1BE BSaBlODy in Figure 7.
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15

These output buffer circuits 8 and 9 consist of
a complementary type inverter as is shown in Figure 7.
Vhen the inverter of Figure 7 is opéféted by the battery
voltage sﬁpply Vss,-the input voltage V1 at_thé]svel of
the battery voltage supply V, ss is required for.:endering
the n—-channel type MISFET Q

20
The pulse signal supplied from the waveform

sufficiently non-conductive.

_shaping circuit 6 to the'lines‘115 and 116’ as described

20

25

30

above, is set to have its low level the same as that of
the stabilized constant voltage Vbl. Accordingly, the
level shifting circuit 7 is designed so as to shift the
level of the low level output signal of the waveform
shaping circuit 6 to the low level signal at the voltage
level of the battery voltage supply V ss*

As shown in Figure 6, the level shifting
circuit 7.comprises: MISFETs QZO to_QZ3 which_are operated
by using the voltage VSS as the supply voltage; and
MISFETs th and 025 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 Yi.

The electronic circuits also include a time
adjusting circuit 13, which is responsive to the signal

N

t he voltage of the battery



[err] the input voltage Vi at the level of the battery voltage supply
i;s required for rendering the n-channel type M SFET [err] sufficientl
non- ¢onducti ve. 15 The pul se signal supplied fromthe
wavef orm shaping circuit 6 to the lines [err] and [err], as described
above, is set to have its low |level the2kawre as that of the stabilized
constant voltage [err]. Accordingly, the level shifting circuit 7 is
desi gned so as t& ¥hi3 tkeneswitch SW|thvaougli ameextavrnaleteonimal Bjgnal of
the Wwavef of m shaph ngrdds ot Lspity LeL 1AW 1 eveli ol aals Gfat oy ol Lage | evel
of the battery voltage. sup Ig err]. As showh in Fiqure 6, the_|evel
shifting circui t*%< $é£@. 5%a qitiqer i cThE et bperad des bing
\%_ u?]i ng the vol¢igeuiMS nsis rmesn?péq/ wlﬁ@@E;th@EﬂiM ngg&ritl:h @kl gh
ich are operat t VO err] as the su vol f age so as
to generat epgn iﬁ%%%e#%ﬁ%lna i réelfsi%enéseeﬁt‘%n% 1Mot %Q%ﬁ%"‘f%r? . The
el ectroni c circthe epexatinn we the ikay 3witch Suijwistn Mtheibattiéryi3, which
i's responsive toydNGadd B\dply is Lonnddt¥ha key switch SWthrough an
external termnal [err] in_order to supply a line 112 wth a signal for
resetting the frequency diH®ieftask PO L A L gsnrratec e 1l oak
desidgned to feedbulmed ige' M dg‘t]tfcﬁ: f&;ﬂikaﬁ:ir;d&itﬂéf ﬂhﬁl?mj&rqﬁ%‘lisﬁ/vly\h
predeterm neghti ctive of the operation of the key switc en
t he batteryegool tga%eﬂa;%ﬁ) e§h idsescccﬁ‘ulrpeec éd’p%feachf%v& generator 11 generates
the clock pulses [err] tdf eéthd presantombxidimentheshdvep dovmipireli f 1,
the reference clock 11 is supplied from the frequency

When the inverter of Figure 7 is operated by the battery voltage supp@
]

divider 5. 1It. is therefore unneéessary to provide
the oscillator in the clock generator 11 and this
15 prevents both the undesired increase in the power
consumption by the circuit and in the number of the
circuit elements required in the semiconductor
integrated circuit device.
Moreovér,.the clock generator 11 is1
20 ‘designed so that it receives the vbltage, which
is dropped by the voltage regulator, as the supply
voltage in place of the voltage of the battery
voltage source VSS’
Since the low level of the output clock
25 signal of the clock generator 11 is not sufficient
for switching the MISFETs Q, and Q, of the Step'dowh
circuit 1, the level shifting circuit 12 is provided.
The level shifting circuit 12 is designed in

e



(3)0 as has been described in the above. In the present enbodi ment shown |n\J

gure
It is

gener at or

1, the reference clock 11 is supplied fromthe frequency’ divider -5.
t herefore unnecessary to provide the oscillator in the clock </

11 and this 15 prevents both the undesired increase in the power

consunption by the circuit @ad.in the nunber of the circuit elenments

required in the seniconductor integrated circuit device. Mreover, the
. clock genetator i s 20 it .receiv gs t he voltage, which is
it opped By ARomaBREEG LD, 508 AEYFL BOLRANG, SHFUG (ags B ol ace of ' he
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shiftiAg @FﬁéE|F°[§ﬁﬂFcﬁs Lo PrHES Cﬂﬂ?ﬁNﬁFﬂ°“&hlftlng circuit 12 is
designed in -antneSb%lt&ar NRgle Q ddke JePeatId filli g circuit 7 as is

shown i.n FEi

he | evel iftin
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cl qek

15

20

25

@enehat elokk Gendrareedily ilh&rYgpRd by the step
down circuit 1 and the voltage regulator 2 a reduction
in power consumption can be achieved.

In the case where the output voltage of
the step down c1rcu1t 1 is zero, the oscillator 3
is not operated so that no c¢lock pulses are aenerated
for supplying to the step down circuit 1.

In order that the voltage necesséry for
the operation of the oscillator may appear on the
line 13 when the battery voltage supply VSS is
connected, the necessary voltage has to be supplied
by the step down circuit 1 even if the oscillator 3
is left inoperative.

The switching MISFETs ‘l' Q2 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 between their respective gates
and éarch, so that they are

3

T

>



dh»m circuit 1 and the voltage regulator 2 a reduction in power consunpti
can be achieved. In the case where the output voltage of the step down
_erngt 1is zero, the oscillator 3 15 is not operated so that no cl ock

pul sés are generated

t hat the_voltage necessary for the operation of the oscillator
on the line [err] when the battery voltage supply [err] is 20 connected,
the necessary voltage has to be suppli€

the oscillator 3 is |
have their gate poten
potential, at the ins

and earch, so that th
|nput line 12 of the
However, if at | east

rendered non- 5 5condaﬁagdeibefwfﬁoﬁhetweliGQEage be seppiupplied thie input
R sV g ngy at c ch a
LR deshiefibevel 18 RA008L goneRalulg: factblepuch as

line 12 is raised to
the oscillator is not

order that the voltage aignaillegenecatingl ciocuhy dechuppl toe Péc%hbaF?ﬁe 12
when the battery,VO't@gengypghypf&ed'51Eﬁngegﬁﬁﬁici@ﬁts&bEFQtBSg voltage.
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for supplying to the step down circuit 1. In order
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ficre operating vo

In order that the voltage at a desired level
may be supplied to the line 12 when the battery
voltage supply Vss is connected, the switching
MISFETs 01 to 03 of the step down circuit 1 are
positively and simultaneously rendered conductive.

As a result, a voltage substantially equél
to that of the battery voltage supply VSS is
supplied from the step down circuit 1 so that
a predetermined voltage is accordingly Suppiied_
from the voltage regulaﬁor'z.

The start state, i.e., the state, at which
the switching MISFETs Q, to 03 are simultaneously
rendered conductive, is continued for a period
until the oscillator 3 is rendered sufficient
oscillatory. As a result, the operation of the
respective circuits of Figure 1 are ensured.

In order to achieve the starting state, a
latch circuit is provided and designed to be set
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
step of the frequency divider 5, whereby the
switching MISFETs Q, to Q, are simultaneously -
rendered conductive on the basis of the output

signal of the latch circuit.

.
=y

may appear

Yy the step down circuit 1 even i f
eft inoperative. The switching MSFETs [err] and [err]

capacl tors such
as stray capaC|tances1ghoﬁhtaseVQbhmEQtEﬂBWbQVQEnZth%l$UPE%b%@tV¥Ehgates

fai}glta & 23- Hév‘?é‘\d@f ediﬁogéufééé(@ o @rreselt, the
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- SFETs QL to B of the step down circuit 1 are positively and ~/
| frul t aneously rendered conductive. As a result, a voltage substantially
equal 15 to that of the battery voltage supply V is supplied fromtRke/
step down circuit 1 so that a preggterm ned voltage is accordingly supplied
fromthe voltage regulator 2. The start state, i.e., the state, at which 20
the swwtching M SFETs [err] to [err] are sinultaneously rendered
conductive, is colnithedoscoilbaberi Sowhich| ishepenatedabyra3 is rendered

sufficient_osgcill]atory. . a resylt, the operation of the respecijve
circuitsrfﬁaéfﬁﬁi% £§§fﬁgiﬁ§ﬁ?e§€ §§°uf3 b$n£ _ﬁ%ri¥£°aEﬁP§%§g¥ﬁ€1§?arting .
state, Ctdicelital % PVA deshgn t e ri se of

t he sugg+€£$gftageaé@awﬁggé?%g. at?§€§ ?ghgoﬁﬂgcﬁgg,oﬁﬁ ?%tﬁge?eset by

t he ri setofbe Heroughtit intgnal suffichentityestable oscpliaBorytspaté t he .

| Vi ) by t. swi tchi M SFET t
1 il arbBERY yEe (ueh Rt RUEEAY B8 SRR paenected: RRScthnb 188 gnal “of the

| atch ci hie| B QF 1 1 t
atch ci ﬁétion of4the nosﬁg}“pgﬁgt ?ﬂidﬁayhbfhtné_ LEErBt 68 t%g ¢ takes

rel ative ow voltage it s ) aken 1hto consideration
a rel atiostillatingioperationcisssadearelativelypcunstabhe bynto a

P o oph sk bl OF8' Hhg' GinTy Ynfrsen ont 1ot 00 s, SPPLY S
start of the OSCiiﬁE%ﬁégcQQSVﬁﬁéP@'tﬁe”3€8r££h§t£¥£f¥ Y8SERBLE, Dihe
10 output voltage of the'step down circuit 1 starts to drop
from a voltage substantially equal to the voltage of the
battery supply Vgo. In fact, the voltage regulator 2
is not a fully stabilized circuit so that its ocutput
voltage is effected by changes in the input voltage.

15 The output voltage of the vbltage 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 may 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 oscillator 3 may be interrupted.

The sequential switching operations of the

30 switching MISFETs Q, to Q, of the step down circuit 1



f kuct uati.ons in the supply voltage. In the/case where the starting stateshs &/
ended, the 10 out put voltage of the gtep down circuit | starts to é;gs N
firong a. vol tage substantially equal to thé/voltage of the battery supply
[err]. In fact, the voltage regulator 2 is not a fully stabilized

circuit so that its out put voltage is effected by changes in the input

vol tage. 15 "The out put voltage of the voltage regulator 2 is slightly .
reduced in accordance with the reducti 683 n the out put voltage of the step
down circuit 1 and fluctuates in accordance with such fluctuations in the

- out put voltage of the_ste Qwn . Ci.rgu acgonpany the start of the 20
switching operation oﬁ%thgngﬁﬁﬁgﬁfﬁ% bﬁsﬁﬁ sin °F8 &ﬁ &ggult, t he
operation of the oscibpgreaiti®nmay b@@oﬂﬁcaﬂéa&bre3|ﬁneuhatetyeaﬁbétaghe
sfarting state has endgdipe h&n%hq pgr'?QPQ%ePh?eﬁLQQE pukfecgeplied to the
step down circuit | is changed in 25 ccordance wth the unstabl eness

in the oscillations, FH@P&ﬁ§ﬁ§Fﬁ§Yaﬁ§PFtH6§F§F FRECBLEPEPPTBELHEENES t he

step down circuit sl |snacqewdunghyfmﬂﬁ@eaa@duiandzyhasoeﬁbahlQH of the
oscillator 3 may be |Eéerrup edi Tt sequential switch |naﬁo ergtlon of the
30 swi tching M SEE®ETFefr] o F&rf mp&FmFﬁéagyeb“HS FEOFP?:

-25- are interrupted bpmphésingethepMISFEFE Q apér Qi L ohsorehleredci | | at or

3 'so that the voltage ls i [ ef.r %Ec

conpl enentary type NI§EE%E%?533??ycgééLFBEPFEEBE by E gngCLE %t i ng
circuit 12, as shown AR FPguWélﬁaSPfVtﬂewééﬁﬁﬁeﬁéntHI§FEﬁv6§§eFSC|rCU|t

10 conductive, the following undesired circuit

s

operations occur.

When the voltage V..~ is dropped, the n-

CL
channel type MISFET 024 is not rendered conductive
o even if the input voltage Vi is raised to the

15 high level such as zero volts or earth potential.
As a result the MISFET 024 is left non-conductive,
and the MISFET 023-cannot-be rendered conductive.

Consequently, in the circuit shown .in

Figure 1, if the output voltage V of the voltage

20 regulator 2 is reduced to a lowercievel than
the operating lower limit.voltage of the complementary
inverter by a drop in the voltage on the line
12,.the.1eve1 shifting circuit 12 ceases to generate
the clock pulses ‘at a level which can simu1tane-

25 ously render the switching MISFETs Q, to Qg

conductive. _ :

. 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 initial"
state by a proceSs of once removing the battery
voltage source and to release the latch operation
with the MISFETs Q and Q of the level shifting

22 20
circuit 12.
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@I’Y})I‘ISIHQ the M SFETs [err] and [err] is rendered substantially ~/
nconductive by the reduction in the voltage V  whilst the M SFET Q S
CL 22 19 conductive, the follow ng undesired circwdl -
operations occur. Wen the voltage [err] is dropped, the n- channel type
M SFET [err] is not rendered conductive even if the input voltage [err] is
raised to the 15 high level such as zero volts or earth potential. As a
result the MSFET Q is |eft -®&m-conductive, 24 and the M SFET [err]
.cannot be rendered conductive. Consequently, in the circuit shown.in Figure
1, if the output voltage VCL of the voltage 20 regul ator 2 is reduced to a
| ower |evel than the“og‘esr S§¢ BGwde IANRYE Aol theyd odit a8Fe conpl ement ary .
i nverter by & dr @pom ng/detdamdortot hand ivmriekd reddnadveael shifting
circuit 12 c to te the cla ul.ses Ievel whi ch can -
si mul.t ane- 2 oﬁ:s y ren er efjs]vmt scl& Fi1\7I':§I£:‘I'§T ercrﬁortcgo[err] conducti ve.
As a result, afiterhe hease Miegee saapipl vt HIJ@SI desn mq'rmgctteuds provi ded for the
purpose of thg S Hddui ORSHeA e i DI JR1ThA 3G the

oscillati‘onsfromthe state he oscillations ceaséd, it becones
necessary to Wdsthhas feases tiohgnegade darcine f¢a%e i&vEmal ' state by a
process of onmeveshts n:dd¥rthat.t ery vol tage source and to rel ease the

|28t glhr 25?{ aalzon Wit bl‘ teheos'\éliﬁ -lt_:s.ton de%ne(%:toor' 1%f c;[orr]n%rll%\éel shifting 22
inverters IV to IV6, which are operated by the
on the line 1

10 supply voltage )Y an exclusive

cL 3¢
OR circuit EOR; resistors R4 and ng and

capacitors C12 and C13.
The oscillation detector 10 is supplied
with a ﬁredetermined output of the freguency v/
15 divider 5, e.g., the inverted output Q of the
flip-flop circuit FF, of Figure 4.
The operation of the oscillatidn detector
10 will now be described with reference to the
waveforms shown in Figure 3.
20 At 2 time to,_the battery voltage supply
VSS is conne;ted. Since the exclusive OR circuits
EOR has its two input terminal receiving the
signals at such a high level as is substantially
equal to earth potential, it genefateé a signal
25 at a low level substantially equal to the supply
voltage VCL’ as indicated by a waveform C in
Figure 3. The MISFET Q17 is rendered non-concductive
by the low level output signal of the exclusive
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 waveforn

E in Figure 3. The output signal of the
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-26- It is possible to prevent the voltage [err] from being reduced to the_ -
undesired | evel by the provision of an oscillation detector 10 after theC§§§-
wolt@%e supply has been connected. 5 As a result, the operation of the
osci I'Tator 3, which has ceased to operate.f2p 4 he reason given above, is
restarted. The oscillation detector 10 conprises: inverters IV2 to |V6,

whi ch are operated by the.10 supply voltage VCL on the line 13; an

excl usi ve OR ci rinvert€iR IVesistoorrésporidingly araiseddbo agtpe iiigls Xéveland
C.The oscillation detector 10 is supplied with a predeterm ned out put of

the frequency 158iindicated by .a waneformF dh Rikgwt3LQ of the flip-flop
circuit FF of Figure 4. 5 The operation of the oscillation detector 10 will
now be described with refdRecordange wiidy dhe asridlation gahartingo

ol usi ve OR of [ ec RLatacs of (e iRt e Grnahat BE: g « S onal <
o oeln O Y Plndited SoRMRAOL Al WS FEORE RRTEAE e e
o208 L 18 o SRS e 2 AL T 04 U ay iR
Fig. 3. | o
“As a result that the amplitude of the output
reference ffequency signal of the oscillator 3 is made
sufficiently large at a time t2,.the frequency diQider 5
10 starts to respond to the reference pulse signal which is
\_ supplied through the waveform shaping circuit 6.

As a result that a.predetermined number of
reference pulﬁe signals are applied a;ter the time t2,
a signal, which is made to have the low level at a time

15 t3, as indicated by a wﬁveform B in Fig. 3, is supplied
from the frequency divider 5 to a line 1g.

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

20 inverters IVé and IV3, the resistor Rh and the capacitor
012. - As a result, the exclusive OR circuit EOR generates
a signal which has the high level for a period
co:respénding_to the delay time period.

By means of the high level signal of the

25  exclusive OR circuit EOR, a MISFET Q,, is rendered



. dBcircuit EOR The signal at the input ternminal 30 of the inverter [errM™

large &heainvagtep 1

aXting as a waveform shaping circuit hasits level raised to a high |eve
by the capacitor C which is substagéially equal 13 to earth potentiak./as-*
i ndi cated by a waveform E in Figur€ $7 The output signal of the -27-

i nvert gpndMetivecssr ¢hngnthegbutpatssiighalt be thghihv!etensIVQdicated by a
waveformF in Fig. 3. In accordance with the oscillation starting

char acisr madiectoohaviecthealow 1eyelal Aai a pesultihtheeference frequency
signal starts to be supplied fromthe 5 oscillator 3 at a time [err], as
i ndi cacepapgtarnfygf densnppiisigwith thealewsievelhaignad afiplitude of the

out put reference fiequency signal of _the oscillator 3_i de sufficiently *
ﬁhethFe n$9°d&%§§§? 170 &Qéaryigfggrespond to the

reference pul se_signgl _which_is |l ,ed_throygh the wavef orm shapin .
éfrcu: 1?.Rﬂsr&rﬁggﬁatnPﬂ5F°ﬁdﬂfiggge#ﬂiﬂ88°ﬁgﬂ8§r UF¥$e%§fencedpglsgh
signal g_age t e : : made to have
the | ofAEE, Hib, tY, BBt BEghpT orthe eRcduliRe otleiRplE T "2 07'S
'S SUDRDRCa' hRflk! B LRSTIFECENY YoHCheVel? AAb! Weriultherfyc! usive R
circuiF-E I S supp ieg MA?E an i nput ~si gnal i ch” becom®s 1 ncoi nci dent for
such ajdal 2¥vet’ s28ngl s HeLA ThneHebrapadeitay €. Lguit including the 20

16% 2 .

inverters [err] and [err], the resistor R4 and thé3capacitor Cl2. As a
resul t Likewiseg! eache tflecitheusight® Jevwelatosbe supplied from
10  the frequency divider 5 te a line 1 at and after a time
' t,, the capacitor C,x is supplied with the low level
signal. As a result, a signal is generated on a line
1,, which is shown by a waveform E in Fig. 3. o’
In a manner to correspond to the low level
15 - signal on the line'lzi, a low level signal as.indicated
by a waveform F in Fig. 3 is supplied bf the inverter IVs
to a line 1,,.
The low level signal supplied by the inverter
Ivg is the oscillatery eperation detecting signal ef the
20 escillator 3. '
| In order that the escillatory operétion detecting -
signﬁl may be changed from the lew to high level befere
the oﬁtput veltage VCL ef the voltage regulater 2 hﬁs
dropped 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 oscillatibn
interruption of the oscillator 3, the resister Rs is
connected in parallel with the capaciter 013.



a.si gnal which has the high level for a period corresponding to the del ay
time period. By neans of the high I evel signal of the 25 exclusie OR
circuit EOR, a M SFET Q i s rendered -28- conductive so that the

out put:"signal of the inverter [err] is nmade 29 bave the low level. As a
result, the capacitor C13 is supplied with the low | evel signal of the

inverter [err] through t hasMaSHeBuld,r B Thies odc3ATating operation odndheecd
non- conductive in accordance with the fact that the output signal of the

excl usi ve OR ciosnillafoR i3 isadaterruptedr as ia the icase immediatedyit, the
|l ow | evel signal is held in the capacitor [err]. Likew se, each tine the
st gnal |evel taftersthe istarting state has mﬂmm wited downg cirepdt 19

o o 8 T e, R ool 1 A itV
Dy perelgnm e in 9 Sl &R AAYACHUR Yo W RN, |
187 Lo PPE bl MRt g 2 S 122 The o | evel
dellect i ng's gnal of {he 2Ume iy \rlghorl N Oclipriite TSNS

e o P VoL P S A G W O/ S B O
generator 11 orgddie dfvitie latch eircuits La; te LA14 censists of two NOR
10 circuits. The latch circuits LA1 and LAZ, the NAND |
eircuit Nbl and the'inverter'IVé together constitute a
start centrel ecircuit. '
_ B; means ¢f the latch eircuit LAl, the high
level signal on the line-.l9 is deened as a set signal,
.15 and tne high level signal on a line 1;, is deemed as a
reset signal, Likevise, by means ef the latch circuit
LA,, the high level signal on a line'l23 is deemed as a
set signal, and the high level signal on the line 122 is
deemed as a reset signal. |
20 ~ When the battery veltage supply VSS is connected,
| the respective flip-fleps FF1 to FF16 censtituting the
frequency divider 5 are respectively reset by the high
level signal whidb is supplied through the line 112_£ron
the time adJjusting circuit 13;-- |
2% ‘The latech circuit LA, is set by the high level
signal, as indicated by #lwaverorn B in Fig. 3, which is
supplied threugh the line 1y from the flip-flep FF 5.
. The latch circuit LA2 is.reset by the high level
signal, as indicated 5y'a wvaveform F in Fig. 3, which is



Y

. ifting circuit 12, as a result of the oscillation interruption of the ./
'Eggcillator 3, the resistor [err] is connected in parallel with the y
apacitor [err]. -29- As aresult, if the oscillating operation of the -
oscillator 3 is interrupted as in tgﬁ case i-mredi ately after the starting
state has ended, the step down circdrt I's made to autonatlcally restore

th t h | ock
geﬁefato% arghgﬁuaﬁ in d%?gFIIZR gpsm ﬁﬁg HS! g@ﬁ%?% ﬁ ° o
conpri g3 | akCh fatc ikt Sther &k ND shicH! 48 kf ?ﬁii&& Eﬁ&ﬁ]tﬁéd an inverter

| V8 Bach of the gircuits consists o circuits.

The | aighchi cdvchat] BAL] tand hsae]a h?ehNANEhéllsulleielrktaﬁﬂethe inverter *
[err] together constit@te a start c8ftrol circuit By means of the latch

i v S AR R § OB 2 s 2 T
L
onggallnellnggﬁdggﬁe §%°ég:Q§Fg%gﬁQ ahécyhk hﬁghlﬁeveF¥g?gn:YeonS{ﬁga

line 134 b%s?%ﬁFﬁdtﬁstﬁerﬁiéilih Eﬁ dgeection bg Fplpvme” the battery

vol t age supp I S. connect e he respectiv flops FF1 to FF16

const i lodcii1datien’ detector HOVthtné el 39eaklxﬁhzcaeéetaby the high
| evel signal which is supplied through the Pine 112 fromthe tine adjusting

Cevel Sbnyavdferm F an Bies 33 WBbCiabebdihontl 1y gk cn rs 1 O
released from its reset state. As a result, the set

10

signal is not supplied to the line 1,5 at the time s

and the signai on the line 124 is held at the lew level,
as indicated by the waveferm H in Fig. 3.
At a time t5 one seccnd after thg'freéuency 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
waveform C in Fig. 3. The latch circuit LA, is
correspondingly reset, |
20 . A NAND circuit NDl 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, of the latch circuit LA,. | o
The result is that the high level signal indicated

25 by a waveform G in Fig, 3 is supplied to the line 1,5

through an inverter Ivg from the output of.ah NAND circuit
| ND, . | o |
The latch circuit LA, is set by the high level



LA2 is reset by the high level signal, as indicated by a waveformF in

3, wiichis - -30- supplied through the line 122 fromthe oscillation
detector 10. As a result, the signal, wrchli=s supplied fromthe |atch
circuit LA2 to a line [err] has the low level at the ti to, as indicated
by a wavef or m Hsignalgon3thentine hby5i 3hathah the hish eyel h&,ﬂ%ﬂ@ﬁ ow

| evel in response _to the oscillation detectjo the, oscillagi det.ect or
10 at the tinme fBAipated Pyg ﬁt%"%\pm?véﬁ&r&mﬁ 3% i’—‘?%?f‘%?é)?ﬁoee#’%ﬁ ch
circuit [err] i .relgased fromits reset state. As a result, the set 10
stgnal is not s EBFi g4rto the line [err] at the tine t and the signal on

the |i is held t I L adieat th H
Fo. 5 Aa time [orr) DR en SRUE Flendf SITUEE Elpen, I RgNE T S

started its freguenc kAN I b & ' ypverting output of the
flip-flop §F16 ?g ghgﬁggﬁiggoﬂ$€ﬁg ?%%?€%3£§gtgp h%lﬂigh | evel , as.

i ndi cated by the mavefoman¢1acEigu13esT&$'Iﬁéc& ti satpat|[ £rom NAND
correspondi ngly reset. 20 A NAND circui? [err] has its two input.
term nals recei eﬂ.ngui&shnnbgtal ND3s respectivelygosikylteveouslyhave he
hi gh I evel only for the deFay perfod of a NOR circuit NR2 of the |atch
circuit [err]. the highl develi int accerdanne| with thgnatarkingastates by
a waveformGin Fig. 3.is supplied to the line 123 through an inverter
[err] fromthe é@@gsﬂtépsaﬁiEF@E»circuit

- 10 The cleck pulses g,' to 53' are supplied through

§&pp|ied through the line [err] fromthe flip-flop FF 5. The latch cinﬁgib Yt

the level shifting circuit 12 to the switching MISFETs

Qq to Q, of the step down circuit 1. |

' When steady oreration is indicated by the fact

that the signal on the line 1,, has the high level, the
15 cloek pulses d1' to d3' are changed in the following
manner. o

The output signals at the noh-inverting output

terninals-ét the flip-fleps FF3 fo FF5'of the fiequency
.divider 5 are illustrafed by waveforms A to.C in Fig.5.
29 . The NAND circuit ND5 génerates by means of the
connections shown 1n'Fig.'h, the clock signal in phase
with the ouiput 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 bi a.waveform D in Fig. 5 in response to both
the non-inverting outpuf signal of the flip-flop FF3 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



[err] The latch circuit LA2 is set by the high |evel -31- signal on the
l'i’ne 123 so that the high |level signal as indicated by the waveformH in
Flg.‘ 3 is supplied to the line [err], Tége | ow | evel signal on the |ine\l124 -
is deemed 5 as a starting state |nd?f ating signal. The clock pul ses

e T o AP AP GLOAY (il of SSRCTHIE Mo ddanafu Y Tve

The cpps kaﬂaﬂ ,[err] are supplied through the [evel shifting circuit 12
to the SV\IItChI ng M SFETs [err] to [err] of the step down circuit 1. - \Wen

steady operation i SaiNAND adiecutt tm§ fie tsupplidd arBilgrtie @utiput | i ne 124
has the high level, the clock puls [err] to [err] are changed in the

f ol | cslgrelsmro®rthe 'IIEtchltqincmi‘tngalf and tthe MNAND rodarcuity sout termnals
of the flip-flops FF3 to FF5 of the Trequency divider 5 are | ustrated by -

wSv efandrstire tNAND i eirtud & NI is suppliedrn&thx@emmut M‘.R’Rgdner ates by

nmeans of the connections shown in Fig , the clock Si n? I n phase with
the ovf pthe HAVR circule N5 #q I%t@crhsalq{‘fﬁ %’@ﬁ(ﬁ aa@F orm G i n

Fh%.ciaeﬁnwetmeo?&%tn? # o 48 g R PR N | nverting -
](c)i.l;[ B%@%%@?t%fl I p- flop FF3 and the inverted out put Si gnal of the
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 ?FS. | - ‘_
The NAND circuit ND? generates.a-ciock signal o/
d3' as is indicated by a waveform I in Fig. 5 in response
15 to the eutput signals of the latch circuit LA, and the NAND
eircuit ND,. |
| By means of the clock signal ¢1' of Fig. 5,
the switching MISFET Q3 of the step down circuit 1 of Fig. 1 -
is rendered conductive during the period of t10 to t13 of
20 one period t10 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 t10 ‘and is rendered non-conductive at the time t12
which is earlier by the time period 22 than the time t13.
25 The switching MISFET Qh is rendered cenductive
for the time period from the time t13 to the time t16'
The switching MISFET Q2 is rendered conductive
from the time after the time period Z3 has elapsed from the
time t13 and is rendered non-conductive at the time t15



waveformF in Fig. 5 upon reception of -32- the non-inverting output
signals of the flip-flop circuits FF3 and FF4. A NAND circuit [err] is
supplied with the output signals of the 3t eh circuit [err] and the NAND
circuit ND2, 5 and the NAND circuit [err] is supplied with the output

si gnal of the i QUi t ' S0+1.N3gk S A G, ig [ ] 3is

i ndi cat ed by al\%ecﬁori% l_eralzjr#q'g?gbsg%?’lse ?&Pﬁu{"%ﬁ% ?He%akﬁD%gbr ctglﬁte [err].
‘Likewise, a latgh circuit LA4 generates a 10 signal as is indicated by a
waveformE in ng5!5 upon reception of the non-inverting output signals of
the flip- flop circui t&dﬁ:aiggiﬁF&heTldeEeai rdget incthle owtpudt es a
clock signal as is indicated by a waveform| in Fig. 5 in response 15 to
the out put si gnaloltiige e e Btip dovn IcAdcait thealAte preventedd?. By
nmeans of the clock signal [err] of Fig. 5 the switching M SFET [err] of
the step dpwn circuit As dfs Wedl known dmddhed ardnd e capagitencenofpari od
of [err] to [err] of 20 one period [err] to [err] of the_clock signal. The

swit chi ng M SFEbatheny ifs detemdned Ty dhe, P f i me
i od h | d, f the ti . i der ed - cqnduct i
D e 11 re [ or GUIRAT (aF @R FReRt) iof et Betters: padhdbe Aan8 o
25 i t chi SFET, ' - '
for The time pereidaduomiire Hid ddrtdtel, Sanetitanch,r i tat¥erif Htig'e

a larger'electronotive force will have a larger storage

ALNAND,cjrcuit ND2 generates such a signal as is 30 i ndicated by the é§j> |

10 enefgy. The electromotive force of the silver oxide
battery is about 1.5 V, whereas the lithium battery
has an electromotive force of about 3 Y. Therefore, the
lithium battery has a storage energy per unit volume
about twice as larée'as that of the silver oxide battery.

15 '1n the case of .the alternative form, where the step
down circuit 1 is omitted, the voltage regulator 2 is
directlyNSupplied with the voltage of the battery power
supply Vgg. 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.fhe capacitoré'as are to be consumed by the respecfive
circuits to receive the output voltage of the voltage
regulator 2 éan be reduced. However, a current
substantiallj equal to that which flows through the

25 voltage regulator 2 will flow through the battery so that
the charactefistics of the lithium battery having a high
storage energy cannot be sufficiently utilized.

| By means of the step down circuit 1 and the voltage

regulator 2, the current to be supplied from the lithium



RS switching M SFET [err] is rendered conductive fromthe tinme after the
ofye period [err] has elapsed fromthe tinme [err] and is rendered .
noh- conductive at the time [err] _ 4 - 33- which is earlier by the tinm_/
period Z4 than-the tinme [err]. Accgrdi-ngly, the undesired rise in the

out put voltage of the step down cjrcuit 1 can be prevented. 5 As

i s welbat&estn car the: neduceddo Hfxcilifathe surrepd: mbdeh £1988er ni ned by the
product of .the dischargi ng_current ,(or, outgut .current) of the battery and
the tikhom dheyoltage %@Sq&,ﬁl*tqrc% tv(é’aﬁ’& Fﬁﬁ&é‘,"‘_’&‘iﬁal‘ﬁé’r‘;}‘iﬁavi ng a |arger

el ect romgtive for Wiyl | ve a |larger staqrage 10 en .+ Lhe

el ect Ht?ggﬂd\}é:aft(ﬁdgiyoff‘t hgfl%ﬂ%??-o e Y g'ttﬁ%?y']tl"s bzfo@ﬁ;]%\ég ;[7° whereas the®
l'ithi | t %ggive T .ahout fore, the

l'ithi ulﬁrgeggotlga?%%@sﬁeéﬁge enerbgey %g&%%ﬁﬁov%%&@%ﬁogymgce as large o
ag ! ajatdlery vodtaily Wod.d° A2 FHobulky th rl 1dd¥e A0l the

a?t ernati \?gy?orm aﬁér &3 he step down Ci rcuei tpolwe:i s omtted, tehe vol t age

regul ajodtage redriletidry = wal it rddutddic 0 Hae otherhadndl,t ery pover
supply Vss. In this case, by the use of the voltage regulator 2, such

curr erthe respective Eldcironidrcdrgpuil® arec epenuteddimder @har gi ng and

di scharging currents to and fromthe capacitors as are to be consuned by

the r doweoltags dquithe tdolnidiy ©f Hheooperating dgwest ldmitvol t age

regul ator 2 can be reduced. However, a current substantially equal to that
whi ch valdage hyodde vedtage negulatorn &yul &so@ refulits (tHe t hrough the

bajt o that the ch i sti f the Lit bat ter i hi gh
% e%w%% co%sum_p :I.Cc.masr %C Pi:rhles rlecssiae%tivee ellec _Ir%nrl_ica ci(?'c'rc){mitl:as\“ ng ang

can be reduced. _ .

By using a lithium battery, it is'possible_to provide
an electronic watch having a low power consumption and
Fhus increase the life of the battery more than that in

15 cases. where a silver oxide battery is used as the battery.

Mbreovér, since the predetermined switching MISFETs
of the step down circﬁit 1 are simultanecﬁSly rendered _
conductive at_fhe starting sfate, special switching MISFETs )
are unnecessary.

20 _Furthermpre; the step down circuit 1 contains no circuit
.elements which have a relatively large size and'cohplex. .
construction e;g.. an inductor. Therefore, the step doﬁn
circuit 1 is suitable in such a device, e.g., an electronic
wrist watch which is reguired to be of small size.

25 A second embodimenf'is shown in Fig. 10. A capacitor
03 having a relatively large capacitance is connected to
the output terminal of the voltage regulator 2 th;ough an
external terminal P,,. The other circuits which are shown
in Fig. 10 have the same consﬁruction as those of the



s_prage energy cannot be sufficiently utilized. By neans of the step down

Lithium - 34- battery can be reduced to 1/2 if the current which flo
fromthe voltage regulator 2 to the electrgslc circuit is indicated by I.
Mor eover, the voltage to be applied to the’voltage regulator 2 can be

r educed to ong Egkioﬁpoagﬁeﬁt Fﬂg&hegx g@ktaqe [err]. As a result, the

power | oss at age regula can®be feduced. On the ot her hand,

the respective el ecrn@neapabitri 2,248 pPevabed v deneafbmmhgage in the
vicinity of the operating | ower gt vol tage by The voltage regul ator 2.

As a result, tleasdfis, pover consunptlons of the respectlve el ectronic
circuits can be reduced. By using a lithiumbattery, it is possible to
prOV|de an el ectronln thecikoltagegregudatprwshownninnBigoni@nthe heentrol
i‘ncrease the life of the battery nore than that in 15 cases where a sil ver
oxi de baﬁteryHE§FE§‘eﬂ1Qshaaeabaeici#VeIWr sma&ﬂ. curnentt fioyr therethrrongh
swi tching M SFETs of the st own circuit are simul taneously rendered
conducti ve at 8ehdhataiti hgsSaarelaségelm hézht dmpadenrercTOn othe other

CiTou T ol orehEBdynthh AYGBALS, EpabR.EPPerarad 8k, thd HegBARFLYe Bodes

const VGt o0 Bl bRl Bh3gving EAFLESE, 20 Gl SRe BHESHRRLI | ' °

Lo o 0 CRAPLISIRL 2 86 Popet obeBpORle SR L opmabis ¢

10 changed at relatively low rates partly because those
circuits 22 and 20 are operated by the small currents,
respectively, and partly because capacitances such as
parasitic capacitahces exist_ét or are cbupled 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 statés 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 sfatgs of the circuits 5 and 6. The fluctuations
in the voltage on the line 13 cause an undesired

interference amongst the respective circuits which are

ety
(0

connect ed to :

G,

circuit 1 and the voltage regulator 2, the current to be supplied fron1&£§b

i



-

e output termnal of the voltage regulator 2 through an external t er mi naf

¥

Q§§il. The other circuits which are shown in Fig. 10 have the sane
onstruction as those of the -35-first enmbodi ment shown in Fig. 1.\Fhe
capacitor [err] is provided by rhé 011 owi ng reasons. In the voltage .
regul ator shown in Fig. 10 the control 5 M SFET [err] has a relatively

smal | coupled to dhet Ddnet A.Qugh so that it has a relatively high i npedance.

On the other hand, the sigrfals to be generated at the respective nodes of

t he | evel shilift ithe capacitoz? d st prodiitiiedr,crtheaimpedanteco

£20 both

" constituting the voltage regul &or 2 are 10 changed at relatively | ow

rat es the diipehdencen beosutfiicdentdy> redusedo sor ghegetheed by the smal |

currents, respectively, and partly because capacitances such as parasitic
capaciungesdred, dnterfegenge. can Pec preyentedeespect i ve circuit nodes. 15

crent ana th BATe RaRRRIORY, T SEhED R Baed Fhec’ B RS o he "

ci T oo Htalyen dh” sbEI TeRa, ERUET PppaY ey plngRIguReT 5G] O°

rel at il putiy 'ﬂﬁ]pﬁ,?%ﬁg:ﬁdJi%&e%%gje‘éélg%%r-gk%e. Qrdancé with the

operating states o e circuits 5 a has been deScri

fromthe

bed above,

t he

L)

vol t ag@rudsishal ahd? thes capaditiorscbf haw TeSr atnN¢niat ¢napd a relatively 25

hi gh out put .i npedance so that the voltage on the line 13 is relatively

qui cklembodde@nt,i 'thec condtruetden ofhdthe circuits other than
10 the step down_circuit 1'and'the voltage regulator 2 is
identical to the two previous embodiments shown in Figs

and 10, Accordingly, an explanation of the circuits other

than the circuits 1 and 2 will be omitted.

o 1

In the third embodiment, the step down circuit 1 =

15 and the voltage regulator 2 are integrated, as will be
apparent from the following description. Specifically,
the capacitor C3, which cerresponds to the capacitor C2

connected to earth is connected with the output terminal

of thg contrel MISEET.Q1A, which forms part of fhe volt

20 regulator 2, through the external terminal P,4. In oth

er

words, the circuit of this third embodiment is equivalent

to that which could be constructed by eliminating the
capacitor C, end the terminal Pg from the circuit of th

~ second embodiment shown in Fig. 10.
25

The operations of the circuit according to the third

embodiment will now be described in detail with reference

to the circuit diagrams shown in Figs. 12A and 12B which

illustrate the operating principles thereof.



Operating states of the circuits 5 and 6. The fluctuations in the vogigie ¢
on the I'ine 13 cause an undesired interference anongst the respectiv !
cirgui.ts which are -36- coupled to the line [err]. If the capacitor C3
is provided, the inpedance of the line [err]_gan be sufficiently reduced so
that the undesired interference can be preVeﬁﬁea. 5 : A third

-enbodi ' h J laGa hi mhodi h | lized
Cupply circuit can Falacd2hdLIBRERCP A, BE BEEKRY 1ot WRABPOREP g ho

external.ternhﬂ%h% Pﬁgtgﬁdcapagkgo g?a%ﬁéﬁefég?ﬁégé%gis &nggwfggg énent,

t he construction 0O rcudts ot ép down circart 1 and

the vol tage I egul AbA Skl rk08BhheetelOtbNEnblR Br ENACHSCEHBREEERNTS Shown

in Figs. | an 0. Accordingly, an explanation o e circuits ofher than
the circuits reapéctivellly,beThe thpdcitorshe thhadCﬁ”b?él 8Bihectbg shep
down circuit | 15 and the vol tage regulator,i are ifitegrated, as wll be
appar ent -fgr omsteird eso thanough ¢heccbntrom.u$BEEWquglby,thbe thpgpcater [err],
whi ch corresponds to the capacitor C2 connected t0 earth is connected with
t he out put temhﬂwlbdoﬂWtWbecbntterywvstﬁigpesnpplth§$.folnsthast of the
voltage 20 regulator 2, through the external_termnal [err] in other
words, the ci chareine operatdppy theoaentneli MISKET\Q),qnist Benderedhi ch

Lorr] from i neUBRtEBtIadEn, RoRcEBAUCE B PRe s ABRAUEoR §8810. 25 |
e opE At oS AR M 35335 '20%whEn' B! g o TER e bk RS P°
10 capacitor 03 reaches the reference voltage. As a result,
the capacitors 01 and C3 are charged with suﬁstanti#liy
equal charges.
On the other hand, Fig. 12B illustrates the state,
at which the MISFETs 02 and Qh are rendered conductive.

15 The switches SW, and SV, are connected to their F and G
contacts, respectively, so that the cepacitor C, is
disconnected from the battéry voltage supply Vss."At this
particular state, the capacitors 01 and CZ are connected in
an identical polarity substantially in parallel with each

go_othér through the MISFET Q14. In this paraliel connection,
the capacitor C, is connected in parallel with the capacitor
03 fhrough the MISFET Q14 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, | | o _

Since the capacitor'c3 is connected to the outpﬁt'
terminal of the voltage regulator 2, the output impedance
of the power supply circuit can be sufficiently redﬁced,:

and the fluctuations in the constant output voltage can be



. 3

. the circuit diagrans shown in Figs. 12A and 12B which illustrate the v
(ggerating principles thereof. -37- Fig. 12A Lllustrates the state, at.
ich the MSFETs [err] and [err] are rendered conductive. The switches/
[err] and [err] are connected to thei3Eand H.contacts, respectively, The
capacitors [err] and [err] are connected in series thro%gggthe control
I

M SFET Teduged cte hatlowclevel aimilan 9 the oirewlly ob e supply [err].
SUbst arERER SReEh BOPMR LR ELEy (60 JHRTRRVER: (HEACH (ORHE ! anpl i fier 20
Vol 1 agetes B erid [eafeiifonn Hrd EPPEC S8 46 oot T Bbrgea wi th - -
S 4 A i 4 A T 12
sWst chegn [£84 | cadél Yaer -ﬁqg%gﬁifd;rgf & "gey1 e Wi g Ciiltey bat tery

respectively, so that the capaci I s di sconnecte

vol t agemdPinig [Spdde elf. ) Na Stivbi tiype aéleétbenié Werigbakdt@s [err] and
[err] are connected in an i1dentical polarity substantially in parallel with
each 20 ot her tHImwutiet&irddi¥-shdyrd. in I Pighi $1paitl ielpreferaadd on, the
capacitor [err] is connected in parallel wth the capacitor C3 through the
M SFET far rtheofalilowing réasaon n@xarbl-thgecalbactrbona@f\(iamra@ i s maintained
at a constant voltage irrespective of the current consunption of the

el ect r smaller capacitamgec ctherapaettan €s. connected to the output

term nal of the voltage regulator 2, the,output | edance
10" The t. minggp 1ses 31 to ¢3 have thr_rg high level

similar to the circuits shown in Figs. 1 and 10 by the
highﬁievel of the oécillatory'detecting signal, which is
supplied at the start'to the line 1,,, so that the

MISFETs Q,, Q, an¢.03 #re_gimultaqeously rendered

15 conductive by the timing pulses d1 to ¢3 at that high
level whereas the MISFET Q“ is rendered non-conductive,
As a result, the battery voltage Vgg is applied directly
to the voltage regﬁlator_z so that the capacitor C3 is B
charged at a predetermined constant voltage. At this

20 time, the capacitor 01 is_not chafged_because the MISFET
Q2 is rendered nonpconductive, as has been described
above, As a result.of the fact that the capacitor C,
is not‘chargeg during the starting operation as in the
above, the circuif performs the following undesired

25 operation only durihg a predetermined time period after
the start has ended. Waveforms A to E in Fig. 13,
respéctively illustratelﬁhe_s;gnal at the line 124
(which is shown in Fig. 4) in the clock generator when



SL/the power supply circuit can be sufficiently reduced, and the é;:7
fluctuations in the-constant output voltage can be -38- reduced to a | ow
lLevel ;simlar to the circuit of the enbodi nent shown.in Fig. '10. Moreover,
sinc€ only the two external capacitors awe39u&ficient for the IC the
circuit of the third enbodinment is very useful especially 5 In the case

where it i . > devi e oo Li et . o a thi
{ype el ecton ety aveelycReLFRer KupLy T Chnilhueta te e ety | 2 TR
preferred for %heaﬁﬁ|%B@h”@héeﬁggPt%gétsiﬂﬁecﬁﬂaﬁé%g&téﬁffﬁehﬁﬁmé smal | er

capaci tance t haR the capacitor I mng pulses [err] to
Hrg3tageassl 10

[«err] have thed kghhbetibckiﬁhlaéstd1the ¢%;cuha8t§boun§£ﬁt

by the high level of the oscillatory'detecting signal, ich is supplied at
the start to tlthel vodtage regulhgbrt B¢ M SFETs [err] and [err] are

si nmul t aneously rendered 15 conductive by the timng pulses [err] at that
hi gh 1'eveb whereas t BdrmtSpgTald,i byr raieing tbe- sbgualtonetheslineesul t,
the battery voltage [err] is applied directly to the voltage regulator 2 so
that the capachig te ﬁBGBhéBBrSEUe&taﬁ ﬁhédti@?n*gedtb6n§laﬁk peleege. At

s ol Beacao thel Rk yighechoL8eC dohuR. s AAGTET L)
fact that (he SS80L" B hehibaBa"Bl CHRLUEpPERRCC RAachTER) BECPRSS! O
oot oot AR PRt e e RIBPERE"as €] b 6 hbe" S
10 rendered non-conductive, whereas-thg switching MISFET
Q; is rendered conductive., R - |
Next, when the clock pulse dz has the high level -
at a time tg, as indicated by the waveform C, the line“
1, is supplied with the voltage of the battery voltage
15  supply YsslthrOUgh'the MISFET Q,, the capacitor C,
heving at that instant zero capacitence, and the MISFET
Q5. In this case, since the capacitor C5 is charged in
advance during the starting operation, no more than a
relatively small chargihg current flows through the
20 capacitor C1. Therefore, the_voltagé across the
capacitor C, can be deemed to be substantially zeroﬂ'
As a result of the fact that the clock pulse 32
has the low level at a time ty, the MISFET Q is rendered
non=-conductive, _
25 1f the MISFET Q is'renderéd conductive as a resﬁlt
of the fact that the clock puise d1 has the low level
at a time tg, the source of the MISFET Q, falls .
substantially to earth potential through tne M1SFET d&



<

. respectively illustrate the signal at the line 124 (which is shown in Fi g™
4) in the clock generator when - 39 - the batterny voltage supply is
connected at the tine to and when,fhe starting state is ended at the thka#
t5 the clock pulses [err] to [€eTr and the output voltage of the voltage

{ ?g? 'Egt %Tﬁfj‘w;fﬁ%@éﬁl t}w@é&r 3@%*5&%%:[5 'e?E? ' and ]Eg(rari o 53
cl oc pu%f% %}r have the | ow,leve B&M i cgle e wavefornms C an
Din Fi §% P cahg i°n %gﬁl d[_err] are 10
Condoe st evald Yhe WD %ﬁ%&?%ﬁa?ﬂ%g{ﬁ%ﬁ]trl evel at & time

16, as gl réib)tﬂeh% YOI MISFEY th the
voltage of the battery v\glatage 153supply err] through the M SFET [err] the»

capaci t @, 4 and they1itheall ! B2t that ahe Do Guerition E('lQ%.daltﬁet he M SFET

[err]. hi s case, . si ncé t he capacitor [err] is charged in advance during
t he stadriain anm&mau) bedweene ittisadraine Dotandelay subdtratiear gi ng current
flows through the 20 capacitor Cl. Therefore, the voltage across the
capaci t @atecSUB dan tiiasede ind the forvard: dimectiipmer ds asresuddyl t of the
fact that the clock puI se [err] has- the low level at a tinme [err], the

M SFET [@rer]chas‘&e@n &horeddn f@pagdtors C; are dirqtttirwtrﬂdSFET [err] is

A I INER L AN R A M LU SIS
10 the control MISFET 014 and the switching HlSFET QZ‘ in
other words, the voltage supplied_to the line 13 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
15, a time tgy, the MISFET Q, is rendered conductive as a
result that the p-~-type well region (although not shown)
below its gate electrode is formed on its surface with a
channel regioh.' As a fesult, thé charging voltage of the
capacitor Cz, i.e., the_vbltagé dn the line 15 is further
20 reduced, as indicated by the waveform E in Fig. 13.
if élock pulse dz again has the high level
at the time t1°, the line 12 is supplied with the
voltage of the battéry voltage supply Vgg similar to the
circuit operation at the time tg through the MISFET Q,,
25 the capacitor C1 having been charged by the charge
distribution, and the MISFET Q5 so thatthe charging
voltage of_the capacitor 03 is again raised, as indicated
by the waveform E in Fig. 13, to the level which is



égpstantially'to earth potential through the M SFET [err] -~ 40 - and the
capaci‘tor [err] which at fhatsinstant has substantially zero capacitance.

At ngs time, the MSFET Q has its drain D supplied with the output VO'%&@;
-of the .capacitor [err] through the control M SFET 5 [err] and the |
[err] so that the pn junction (i.e., the dviai=n junction) between its drain
D and a substrate gate SUB is biased in the forward direction. As a result,.

the charges stordermin®d %3°ite Char@icterdsti¥issiof Riecolleagee capacitor
[err] through the drain junCtion between 10 . the control M SFET [err] and

the switching Mrggulletor 2, in other words, the voltage supplied to the
lsine [err] starts to have even its absolute val ue reduced, as indicated by
the waveformE in Fig. 1%hel {flnetuationspdsdteaharnging velltage odvdheat
15 atin t9, the MSFET Q is rendered conductive as a result that the
p-type wel | regicapacirtom fgh ane: redneed haisodndicajede byl dber yayeformor ned

on its surface with a channel region. As a result, the charging voltage of

t he capaci t&_ [@ dn Fig. %ﬁwe'hyolnea‘?@%?& I'Té"_q Sy Yching joper s
agai n has the hisHF PORRET A 9 Surbacatse HF caraes bt thedspacafor 1
oper ati on-at thE B e anAdIY BRIl T 25 " the capaci tor [err]
ot eSSl oo WS P A e e Wik 1, MeShhuc) 5
I ndicated by thea19toR 5 istopsd IT the Wiitapelarvd oh ithe line 1,
10 is substantial, a problem arises in that the step down
circuit cannot again be brought.into its starting state.
U 1n the third embodiment shown in Fig. 11, the
capacitor Ci does not have a capécitance equal to that of
.the capagitor 63 but haé a smal;er cqpacifance_than that
15 of the ¢apacitor C3. As a result, the charges to be
distributed frpm the capacitor 03 to the capacitor C1
immediately after the start has ended can be reduced
so that the vqltage drop across the capacitor c3 can be
reduced. _ _
20 ~ In the case vhere the capacitance of the
capacitor.c1 is made smaller than that of the capacitor
C5, the folloﬁing advaﬂtage'regults. In the normal
operation after the charge distribution from the capacitor
03 to the capacitor C1 has éégsed, the capacitorwhas a
25 relatively large charging voltage as a result of the fact
that ifs cabacitance _is small, If the charging voltage
of the'éapacitor C, thus has é'large value, it can be
distributed at a relétively high rate to the.capacitor



: 41- determ ned by the characteristics of the voltage regulator 2. The N
luctuations in the charging voltage of the capacitor [err] are reduced, as
i ndicated by the waveform5 E in Fig. 13, by repeating the sw tching\./
~ operations of the MSFET Q to Q4geecause the charges of the capacitor Cl

are gradual ly increased. Wien the voltage on the line [err] is reduced,
the oscild_atfen3 theOMASFETs )° atid GOArE Herderied dondaudtivel, 10 s
substantia, a problen1ar|sesa n that* the step down circuit cannot again be

brought A% @ iresudityr in¢he! dese Whelrlee thie vbltuapediattoisssithen in Fig. 11,
the capacitor [err] does not have a capacitance equal to that of the
capaci t ocapacitoruChds redurledgr idapran resto rehdhe ol tege of t he
capacitor [err]. aresult, the charges to be distributed fromthe

~ capaci t ortheesicrosst to eadesined value athadirelativelyehighe start has

ended can be reduced so that the voltage drop across the capacitor [err]
ca® be r &@t€ad. Ingidentally, the I@W&gé% s desdred tonce of the

o out o e T o B it i, ol Vo, S oo
(he' Copacty B BRSBTS G " B 15,260

LD o il " AR e, S Wl A My 20° 1 1
re'atiVeWhé“dﬂidaff%r%oC%h%nﬂﬁﬁ%fﬁkpiestricted to such a -

10 vélue as corresponds to thé ratio between the voltage
Vg, desired and the battery voltage Vesr |

In order to prevent those fluctuations in the
output voltage VCL whidh result from tpe fact thaﬁ

| 'the capacitor C1 15 not charged in advagce, it is

15  conceivable that the cﬁpécitor c, is charged at the
staEting state. F&r this purpose, the internal |
construction of'the clock generator 11 may 5e suitably

~modified such that the clock pulse ¢, has the high
levei whereas-the clock pulses dé and d3 have the high -

20 level at the starting state. However, even if the
capacitor C, is thus charged in édvance, it is
difficult for the follpwing reasbn to'gliﬁipate the
fluctuations in the charging voltage of the capacitor
C3 after the starting state has ended.

25 In the case where the modification is ﬁade, the
capaeitor.c1 is charged at the starting state
substantially td.the voltage of the battery voltage
supply VSS' Thus, if the MISFETs 01 and QB are |



result, in the case where the.voltage across the capacitor C is reduced
“it QE% restore the voltage 3 thereacross to a desired value at a relativ

hi gh™5 rate. Incidentally, the capacitor C is desired to 3 be charged
to the stabilised output voltage [err] when it is connected in series with
the capacitor [err]. It is, therefore, =ddsi red that the capacitance ratio
bet ween the capacitors [err] and [err] be resticted to such a 10 val ue
as corresponds t@ridesedflidondiRitURan althe rv Uned @t alrdlinly deaiteehadndelhe
battery voltage [err]. In order to prevent those fluctuations in the out put
wol t age VCL whi @hde@sulthel ndmet h‘é fiacsupplli ddhaviddpatiel Folftake] aits sneh
charged in advance, it is 15 oncei vabl e that the capacitor [err] is
charged at the stdevelg dt.at.q. afom Rers Jevedses tilse detteemmialedcdyst ruct i on
of the .clock generator 11 may be suitably nodified such that the cl ock
pul se [err] has suptrgicgingerdle whargdag yeltagsek ofultdes qa@each temd Cherr]
have the high 20 | evel at th%~startin state. However, even if the

capacitor [err] firom e e the hatt@xpr valit@oeosuppd Y
followi ng reason to elimnate the fluctugtions i he chargi ng vol t age of
the capacitor [ésg: aftfe FREYEar Ny v qéﬁgen&fnéh\?e&ap?ét& C3r S he
case where the di fjcation is de,. the c citaor. [err] .i har at the
starting state suest‘)éDri?:lagl fnt.gq't%hgl\?& teiaigZﬂaﬁfgtt&’l’?et%atbty]erty%v(gllt%acglgqsuppl y
[err] Thus, if &ﬂ@%éﬁi@%ﬁTs [err] ~and [err] are

A fourth embodiment of an electronic circuit

:ég- [err] when the M SFTs [err] and [err] are rendered conductive. As ag§z>

10 is shown in Figure 14. 1In this embodiment,
it is considerable that the impedance
at the output terminal of the voltage regulator 2 is

sufficiently reduced by the capacitor C, which is

3

coupled to the IC through the external terminal P,, and

11
15 that the two capacitors coupled to the IC may be
identical to each other.
. As a result, the assembling of the electronic
watch.can_ﬁe facilitated.
A MISFET Q30 is connected between the common’
and the

20 node between the switching MISFETs Q, and Q

1 2
terminal Py, and_a MISFET Q44 is connected between the
external terminal Py énd the line 13.
The MISFET Q31 has its gaté supplied with a
waveform A Shown in Fig. 15, with a start control signal

25 A which has an émplitude of - V.o and which has_thellow

SS
level (i.e. - VSS) when the starting state of the power
supply is ended. That start control signal A can be

prepared by applying the signal, which is supplied to the



- 43 - rendered conductive after the starting state has been endéd, the ™

o [err] is supplied with the voltage at such a Level, i.e., at a zero
I | as is determned by subtracting the charging voltage of the capasit or®

] 5 fromthe output voltage &4 &he battery voltage supply [err]. As a
result, the voltage of the capacitor kérr] i.e. the voltage on the line 13
fl uctlimeslhy oficther circubpeofit Fog. A,f dor tthecHemtilrent of an el ectronic
circuit 10 Ts shown in Figure 14. In _this enbodinment, it is considerable
that shiftipgdetreuit shewnuipuFigerfenal of the voltage regulator 2 is

sufficiently reduced by the c§gacitor C3 which iis coupled to the I C through,
t he exter nal teThﬁnHls¥§Tr93g assitgagaitiee suppldeda Mitdy $heoupl ed to the

ity
el oot VERIE GRREROLaRLEBaRoki EFAPED. SN APSSELSrorl VS ihddected betveen -
(4 CSRTRRLES, BERcRt EnchacpRbEY SR Babiy pand [orT) and che
tormnal Lert] B0 hagakt g WGtk nlls MOSSET duitly 1B sesn 0ot © S0l o0,
IS Boopih LbyTegh ek 30 ik IS W Yukiled baees 11 10
A cangheeRERPGERErPYo2RRAY fHey "Ray Balsupplisda itd HHW!atdsi o the
of the MISFETs 030 and 031, maj’be generated from the -
10 drains of the MISFETs on and 022 of the level shifting
circuit shown in Fig. 6. If this modification is made,
the inverter IN can be omitted,
The clock pulse ¢4, at the starting state is
made to have the low level, whereas fhe clock pulses
15 ¢2 and ¢3_are madée to have the high level.
In order to obtain the clock pulse #1, the
NAND circuit ND5 of Fig. 4 is replaced by a FOR circuit,
which is supplied with both the inverted output signal
~ of the flip-flop circuit FF5 and su#h a signal as is o
20 prepared by inverting the signal on the line 12& by means
of an inverter.
The operation of the fourth embodiment shown in
Fig. 14, will now be described.
First of all, as indicated by the waveform A in
25 Fig. 15, as a result of the fact that the start control
signal A is at the high level during the starting time
period from the time to to the time t5, the MISFET 031
is rendered conductive, whereas the MISFET 030 is rendered



-&4- line 124 of the circuit of Fig. 4, to the level shifting circuit sh
in Fig. 6. The MSFET [err] has its gate supplied with the start control
signal, A through an inverter INwich is 5 operated directly by the .
battery voltage supply [err]. The signals, which have their levels shifted"
to the voltage level [err] and which have epfbste phases to each other so
that .t hey may be supplied to the gates of the M SFETs [err] and [err] may
be generated froﬂPPhG°BG“GFéVRs of the MSFETs [err] and [err] of the'IeveI

shifting circuit shown in If this dification is made, th
inverter I N can be omtteHur 3F83ksﬁﬂr§gg§eF eaPeFﬁEdstﬁﬁtFn§e§¥%$e i S

fd o h h I 15 d

are made to have PRE B cﬁg“s”&?iui oBached °:%aﬁt 19K 1heed| ﬁééis%&siﬁéir]

he NAND ci it

SUppl { ed i t h bofROFcPRTsERlgy el WEPHASECAHE BIBRTIELESY) 4y HRh Hobi s
and such a g 9nahesmseaohefe@ﬁﬁe?m | B! Bllg cﬁﬂﬁgsﬁggﬁﬁTQth hegl i ne 124

by neans of “an inverter. The operation’of the odr nent 18ho@n in

Fig. 14, will noanbeQ ei?élbeﬂderdSboﬁﬁuéthve?swhéﬁéﬁétﬁﬂeb¥wi9€h eform
Ain 25 Fig. 15, as a‘'result of the fact that the start control signal Ais

at the high | eveMISFETnQ,t his rendered homecoadietivepmthe time [err] to

the tinme [err] the NISFE; [err] is rendered conductive, whereas the M SFET

[err] is rendered As a result, the line 12 is supplied with the

' voltage of the_battery'power supply vSS through thg ”

10  switching MISFET Q; and Q, which are conductive. 4s a
result of the fact that the MISFETs 031 and Qh are
conductive at that time, the capacitor C1 is connected
in parallel with the capacitor C3 through the MISFETs
Q34 and Q. ' Incidentally, as a result of the fact that

15  the MISFET Q;, is non-conductive, a direct current path
is not established between the capacitor C1 and the :
battery voltage supply V ss° '

As a result, both the capacitors c, and'cj
are charged to the voltage which is determined by the

20 voltﬁge regulatbr 2.

As a result of the fact that the start control
signal A has the low level at the time ts; the starting
state is ended. After this end, the MISFET Qg is '
rendered conductive whereas the MLSFET 031 is rendered

25 non-conductive,

As has been described above, the capacitor C,
is charged to the voltage VCL'at-the starting state. As

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



-45- non-conductive. During that starting tinme period, as a result that t he/

ock
]
tch
it ch
[err]
t hr oug
.result
tinme,
t hr oug
that 1
est abl
[err].
volgag

pulse [err] has the low | evel whereas the clogck pulses [err

have the high level, as has been 5 descri bed her ei nbef or:

ing MSFETs [err] and Q4 are rgendered conductive, whereas t
ing MSFET [err] is renderéd M= conductive. As a result,

] and . .
e, the_/
he

the |ine
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t he fact
h is not

! "gs coRPrdded [9y 'd vk tdvm RiLerPigol450e supply

As a result, both the capacitors [err] and [err] are charged to the

ot ithd tarifiny Mvitsther the £9 at iHé agtarting adtate or’s a result of

the fact that the start control signal A has the low level at the tine tb5,

t he st
conduc

t he st
char ge

10

15

20

25

audtng state is ended. After this end, the MSFET [err] is rendered

tive whereas the M SFET [err] is rendered 25 non-conductive. As has
been descri bedingtdentally c fheivoltyge rqt ithe kined ;o wkchdia age VCL at

arting state. As a result, after the starting state_ has ended, the

connected to the drain of the control MIS Q,, of the
voltage regulatgr_z, is so changed during the normal
operation after fhe_starting state 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 voltagg
'supply Vgg» @8 a result of the fgctfthat the switching

1
tg. The charging operations of the capacitors C, and

MISFETs Q, and Qy are rendered conductive at the time

C3 ét that time substantially cease when the voltage at
the_line 13, i.e., across the capacitor C3 has the level
which is determined by the voltage regulator 2. The
charging voltage of the capacitor C1 is accordingly
reduced to a relatively small value so that the voltage
on the lihe 12 has a relatively large value,

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

switching MISFETs Q, and 02 are rendered conductive at

the time tg, the charging voltage of the capacitor C1 is
supplied to the line 1,. As a result, the voltage on the
line 12 falls to a relatively small value, as shown in

L]

-



“46- distribution fromthe capacitor C3 to the capacitor [err] does not
take pl'ace so that the voltage across the capacitor .C3, i.e., the voltag
be line [err] can be nade constant, as indicated by a waveformF in @
F|g 15. 5 notw thstandi ng whether |t is at the starting state or not. ;
Incidentally, the voltage at the line 12, which is connected to the drain
of the control M SFET [err] of the voltage regulator 2, is so changed
during the nornal 10 operation after the starting state has ended, as is

i ndi cated by a waveformE in Fig. 15. The voltage on the line 12 has a

val ue, which is determ ned by substracting gige.chargi ng voltage of the
eapacitor [err] fromthe voltage of the battery voltage 15 supply [err] as
a result of tywrdsurm tat the switching MSFETs Q and Q are rendered
conductive at the tine t6. The charging operations of .the capacitors [err]
and C at that tineasyisant i abhpodtmentwhsnshbenviht Rijg. at63 t ba brder
[err] i.e., across the capacitor C has the level 3 20 which is deternined
by the vol t agko mmake dbrp@ssible ctarysagavbatigryoforhe repatively[ 3ong is
accordingly reduced to a relatively small value so that the voltage on the
line 12 has dpemtad ol ) at:geoneenetoc&ncneaeenthar&ifasoﬁ thsubatéeryme
fact that the 25 . switching M SFETs gerr and [err] are rendereg conducti ve
at the tbme [%r$?3b¥1ﬁ¥Q§m9QﬁmﬁtvﬁP% seohavﬁescapaeffépiﬁe#rya WesGaBl i ed

to the line . As a res e vo] tage on t I|n 12 falls
relatively s |gqgﬁqgie b %r&ﬁﬁ ltage regu tor even if tge voltage

‘of the battery voltage supply VSS falls to a relatively low
level, | _
In the fifth embodiment,.although the step down

10 circuit 1 and the voltage regulator 2 are integrated with
each other, they are assumed to be made separate for the
sake of convenience in the following description. in this
the veltage.to be aupplied from the step down circuit 1 to
the line 1, is made to have about Ane half of the voltage of

15 the battery voltage supply Vgge Consequently, the

relationshiﬁ between the voltage of the battery voltage
supply Vgg and the voltage on the 1ine 1, is illustrated
by the characteristic curve l in the graphical
presentation of Fig. 17. _

. 20 Since the voltage regulator 2 receives the output
voltage of the step down circuit 1, it generates the
stabilized voltage VCL if the output voltage of the step
down circuit 1 is substantially equal to or higher than
the stabilized veltage VCL' |



/
-47 - waveformE. Afifth enbodi ment is shown in Fig. 16. |n order to ™
" mgke it possible to use a battery for a relatively.ong period, i.e., in
order to increase the life of the battery, 5 a stabilized output vol kage *
; ving a sufficient value can be-ghBe+ated by the voltage regulator 2 even
(ﬁEZthe vol tage of the battery voltage supply Vss falls to a relatively |low
el. Inthe fifth enbodi nent, although the step down 10 circuit | and the
vol t age regul atXf, Zmrthe tamy mbhereiithe cadtagdaregulatori® ismssuned to be

made separate for the sake of convenience in the follow ng description. In
this the supphird texqiusinsly aith She aten dowpwpktagaiwbiich o the 1ine 12,
I's made to have about .one half of the voltagg of 1%Q the battery vol tage
supply vsis geperated by the,step A9WBh okt wbetheS1RR G of t he

byt he cHRLERER L RSaueeh 4 3 A ooVl ceshrthe GRS Fi g 17, 20
i reui 1 voTagE N Y IR L VI 8 L VO £ age
o ", SRR O b BSLTHASI AR ot gt 8 e e
25012 Sy g ORI 13 kPl Bt i e <1 1
voltage of the voltage regulator 2 is reduced from the
point.D in Fié. 17:genera11y along the characteristic
10 curve 12. As a'reéult, hotwithstanding that a
relatively high voltage is being generated by the
.battery power su_ppi_y VSS’- it beéoms necessary to replace \-;
tne battery voltage supply. - .
In order to operate the circuit at all times
-15 even when fhe batfery vplt#ge is relatively reducéd,
in other words, in.order to prolong the life of the
battery, the voltage of the battefy power supply Veg
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 stab;lized -
voltage V. Then, the output voltage of fhe voltage
regulatbr 2 is stabilized until the voltage of the
battery voltage supply Vgg is reduced to a level
indicated at & point C in Fig. 17, namely, until the
25 voltage of the battery voltage supply.Vss falls to a
level Vgg" which is substantially equal to the



by a sfitght reduction in the voltage of the battery voltage supply [err]
the Qufput voltage of the voltage regulator 2 is accordingly reduced. Th
out put voltage of the voltage regulator 2 is reduced fromthe point Din
Fig. 17 generally along the characteristic«l@9 -curve 12. As a result,

not wt hst andi ng that a relatlvely hi gh voltage is being generated by the
battery power suppitabiddrzed voltagers/ égwessary to replacé the battery

vol tage supply. In order to operate t circuit at all tinmes 15 even
when the battery vol t ag&tes oparaum wff cehe L £4h enbndimentdshawn dider to
ptolong the life % t he att the voltage of the_ battery power supply

Vss is supplied dii€et P Wt é‘%lt’tea&e-’r%%ﬁ’%ﬂo*nzdmlt he battery
| t h h al t t 2 d
substantially 1o ?heeéfgﬁs.azf%er L gttty 1 ReR & RenBHIBGELoD) FLmLLR
“th | t I g I d t th
Vol tage supdly otp et 2B <ATFhAT Hife " Heotng) eraé#er}éfsete»
17, ly, til t '
Tailsto 4 lovel f???]ﬁ k. PESCH, Had he 10| ?‘“?% FEeRERE, tne Lidek
“stabil dvol t di Fi
s1ab11) zedvol agopiSeaTi, gt o1 el 4l A1EAerbEd) Togk, sbevGeidgF o
construction SIWIHaBEETs Q)0 d)@ndiQ} Neréi acebidhgiyIredderfll Ebfductive,
starting state, the clock puls [err]‘has the low | evel, whereas the clock
whereas the switching MISFET 03 is rendered non-

10 conductive, On the other hend, the MISFET Q30 is:

VﬁLIage is reduced to a lower level than the stabilised 5 vol t age [eg?%p_

rendered non-conductive in response to a coﬁtrol'eignal
IQE, A at the low level as is supplied from a level shifting
circuit 29, whereas the MISFET 031 is rendered
conductive by the control signal A at the high levef.
15 ' ‘The voitage regulatcr'z is constructed'siqiiarlﬁ
to the respective embodiments of the control MISFET
Qs the differentfal'amplifier 20, the'reference |
voltage generator 21 and the level shifting circuif 22,
A clock circuit 31 is formed with a plurality of
20 power supply wirings and is additionally formed with a
level shifting circuit, if necessary.‘ The clock
circuit 31 is basically conetrﬁcted of a variety'of
known circuits, for example, of: an oscillator for
generating a reference frequency signal; a frequency
25 divider which receives the reference frequency signal

from the oscillator in order to generate a second clock



pulses [err] and [err] have the high level. The switching MSFETs [err]
[err] are accordingly rendered conductive, -whereas the sw tching. M:SFET
on is rendered non- 10 conductive. . On the other hand, the M SFET RQ/i s+
nder ed non-conductive in responsg Lo a control signal A at the |ow | evel
as is supplied froma level shifting circuit 29, whereas the NISFET [err]

d d d ' b h I h I | .
The vol ?&Seaiigaii?a 833/ o1 %ﬁ@??%éﬁa&egﬁn%ﬁ?etse l?ﬁspliﬁf e
nbod M.SEET t 20, t
"ot or enBHYPRE: 838584 Batne zreanlak?xehéégéﬁrsﬁﬁ%? B cffourt 22 Aciock
i | oRSFPDRFE RIS, Mokl BpBulpd Kk Socolas, BACRUER,Y 1 97070 ok

c'rcu'ttaﬁ Ininﬁ%%bcab ﬁsaﬁsr%eheﬂoa}s &a@ aggrgiﬁc%egreq ghcuits, for ’

exanpl e, an oscillator r generat| efcy signal; a
fr9quenaydzﬁplayduébdaErWEbﬁhcaaﬁerfsﬁgthaeraﬁepa%091kﬁaaseaey signal from
the oscillator 1n order to generate a Second cl ock -50- signal; a
vari et ythé vartousuttimescobntersetaitoedibplayt pignalgyabnof the frequency
divider in order to generate time data such as ten seconds, one mnute, ten
m nut esputputhbufferecircudt, whichdreceiveentleyoutput sigdalpl ay decoder
for convertlng t he out put signals of the various tine counters into display
si gnal sefahheudpepleyr Aecodergupt skpPcHateberizcuihe 8ot pdarsi gnal of the

n alarm circui I r
SL?ELaég ggﬁggvhgagééggﬁ tCQog ;ggcg dgtegtg thg oggrgtignnnde selecto

10 order of the switches SW, and SW,, which are connected

between the'external terminals P1O 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 control circuit for
15 controlling the operations of the various circuits in
accordance with the combinations of the output signal
of the mode selector and the signal from the switch
SW& 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 31tmay also
be constructed of a woll-known ROM-RAM type circuit
which includes: 'an oscillator; a timing pulse
generator; a random acoéss memor& for wfiting tinme
25 data, operation mode data, stop match data or ala:m
data; a read only mémory (or ROM) for writing micro- '_
instruction; a program counter; an arithmetic logical



10 order of the switches [err] and [err] which are connected between t
eXternal terminals P10 and P22 and earth, in order to select a variety of¥
nmodes of the watch such as a normal watch operation node, a tinme correcting
" ‘mode” .a stop watch node or an alarm node; a control circuit for 15
controlling the operations of the various=iSfceits in accordance with the
conbi nati ons of the output signal of the node selector and the signal from
the switch SWL or SW2; and an output buffer circuit which receives the

out put signal ofunity #nd @ Maniety @f Wdeneftlers.l of 20 the circuits are
not shown). On the other hand, the watch circuit 31 may al so be constructed

of a well-known ROM Rﬁ_‘ﬂ‘ﬂ/ﬂ@ﬁ:i“ﬁiﬁh IS &Y ddus censiTuiqhediothexe

5L T T s e B 6
![ﬁgiscgl)nst r- SSé%éaya#ét’%‘ﬁD& jtﬁ“’céc‘%?@r%& Eﬁﬁﬂ‘-’?’ﬁlwﬁ{*}?ﬁ ialr(,e::li '\t/i ﬁl
-a di spl ay DLS% havi n%%él\dqﬁilrg %3%&&%%9%@%%%?% g‘aa?r aifhogrecf%lclrll1 t hg
formof a squarigfpieTergd shbwdL'a IC]}]%ﬁ,dﬁ%iygg%oxﬁﬁ&@nvféiftmg

driving acoustic.convé?ting nmeans SP \ I's provi to generate an alarm
sound and whi ch pidar B witict 0 prdVR¥EE |5 igeneraltain alditth Bowid ety of

clock and control signals to be supplied 10 to a variety of such circuits
as will be descrg’xhbdvhtch his fednstrucgted of a piezoelectric element;
and a variety of clock and control signals to be supplied
10 to a variety of such gircuits as will be described in -
the following. | |
~ The output buffer circuit, which is arranged in
the clock cirdﬁit 31 in.order_to drive the acoustic
converting means SP..requires such a relatively large
15 drive current that it is operated by the direct voltage
of the béttery,_voltage supply Vgg. '
| A comparator 25 is provided_in order to detect the
voltagé of the battery voltage supply Vgg. This
comparator.25 has its non-inverting input terminal
20 supﬁiied with the reference voltage, which is génerated
by the reference voltage generator 21, and its inverting
input terminal supplied_with the voltage of the battery
voltage supply VSS through a voltage divider which
comprises resistors R2 and RB'
25 The divided voltage supplied by the voltage divider
(R, and'RS) is made equal to the output voltage of the
reference voltage circuit 21 by suitably setting the



..

€. ¢

of the battery,

er to drive the acoustic.

~to detect the voltage of the battery voltage supply [err].

.{,%.Iegcgé!@i/@{&' t%%pgé/ égrﬁé%eé&téﬂé’pﬁi eghyigh the reference

25 has i
vol t age,

inverting.d
supply [err

[err]. 2$a11s to dNEedeYi €68db¥Oh&BEELtEAPL] €

([err])

circuit

resistors R2 and R3 when the voltage of the

I'S gener

rough a~voltage divi I C

out put buffer circuit, which is arranged in the clock circuit 31 in ~
converting neans SP, requires such a

_réfatively large 15 drive current. that it is operated by the direct vol {age s
’ vol tage supply [eerd2A-conmparator 25 is provided in order

o

Thi s conpar at or:

e reference voltage gengrator 21, and its
t ' | ' t ag@? tye batter ol t age
?p#ﬁf @5%%9@& ?fpeﬁéegaﬂ%%?ymﬁglﬁgé%npr éé% Y%%istorsy[grr] gnd

by deted®idémUrevel) der

I s made equal to the output voltage of the reference vol t age
2leby toidabevelcequall tocor sibghtYplhigiteri thahnthéati o of the

fai bs tovalﬁeVﬁé'Ioinéidatedtﬁd Fige. 17& detection level),
equal to or slid%tly hi gher than the 5 value [err] indicated in Fig. 17.
As a result, when Afca\pesult, ovhenctheai vellagel efigtheubatieryrr] falls to
equal to or lower than the detection |evel, the output voltage of

a |l evel

the conp¥Phtage supRl¥ ¥ogifabls F%i%eHeYﬁltﬁ@uﬁlgh° | |
djvid d the t 25 al i N 1.t tent t
sy tte Gerectidn evell ERFTGUENGE EorEide’ Ob Hocinma 1 n or der

The vol t

So as to

| @X clowen

to inter il aMtdr OP8" £5CatlSrdPhETYordi ¥64%0 the high level.

10

15

20

25

The voltage divider (R, and Rs) and the

comparator 25 are intermittently operated so as to reduce

In'

their respective average currents to be conéumed.
order to intermittently operate the voltage divider
(R2 and RB)’ there is provided a switching MISFET Q

_ 32
which is rendered conductive by a clock pulse do. “On

the other hand, the comparator 25 is supplied with the

same clock pulse as the clock pulse db to be supplied

to the switching MISFET Q32.

Incidentally, the comparator 25 has a
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 Q5 of Fig. 1 has its gate
supplied with the clock pulse ¢. '

A latch circuit 26 is prévided so as to

generate a series of signals on the basis of the

intermittent output signals which are suppliéd'to the

comparator 25,

attery voltage supply [err]
.e.,

to a | evel



fgLr] there is provided a smﬁtching M SFET [err] 15 which is rendered QEP!

conducti.ve by a clock pulse [err]. On the other hand, the conparator 25 i 3
§upQ%Led with the sane clock pulse as the clock pulse [err] to be supplied
to the switching MSFET [err]. Incidentally__the conparator 25 has a 20

constfuction sinilar to that of the differeR?izl anplifier 20 shown in Fig.
1. For the sake of the intermttent operations, the MSFET simlar to the

constant current M SFETgfinee] the EbﬂFafahéﬁ_Essiﬂafen&U?ehiGﬂefétﬁvéhe
clock pulse [err]. 25 AlTatch circuit 26 is provided so as to

generate a seri esbyf thegodbskopulbe a5 thef laitehi circuitt 2thast pts _
gi gnal s which are supplied to the conparator 25. 53 Since the conparator
25 is rendered opdeiai ivpuy taemtnalggﬁthpp@éed]with thecsame rclock 26 has
its data input termnal [err] supplied with the sanme cl-ock fulse as the

cl ock pul se [err] PuABenhasstbapploel Pulsrefp Whichoigasupplied. tarthe| ock
pul se [err] _can be supplied by waveform shaping circuit 30 which receives
ref erence cPock SFQHBPEQHSVig erespective frequencies as are generated by

the clock circuit 31, ag,shown..|ncidentall 10 ngrating.tne clock
pul se [err] fromthe ciibﬁiffﬁﬁgiﬁﬂiﬁﬁe_OOH r§§tF8RP&é§§r_8eﬂaZ%_9€P t he
changing timng o u Loral .0 h CL.LGUI _ he
changi ng tining'o%hkﬂgngl%ggaganég_rgér _ Skﬁgﬁgf %%%gténégng g%%ized.
signals having respective frequencies as are generated
by the clock circuit 31,'as shown., Incidentally, by
10  generating tne clock pulse ¢, from the circuit having

the construction deScribed above, the changing timing

S of the output signal of the latch circuit 26 and the
changing'timiﬁg of the glock pulées 31 to ds 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, | |

Incidentally, the.gate circuit 27 is provided
to correspond to the fact that the electronic watch is
20 equipped with?such diéplay méans;'e.é., the alarm
circuit and the acouétic cénverting meaﬁs SP to bé '
driven by the output of the alarm circuit as requires
a relatively large dri%e curfenﬁ, as has been described
above. | | _ | _ _~ :
25 The gate ciréuit.é? has its one.inpuf.terminal
supplied such a control signal dc through a line 1,,
from the control circuit in the clock circuit 31 as is



15 The output signal of the latch circuit 26 is supplied throughsd
" gate 27 to a start control circuit 28. Incidentally, the gate circdit

¥# is provided to correspond to the fact that the electronic watch is 0+ 7
~ equi pped with such display neans= &4g= the alarmcircuit and the acoustic
converting nmeans SP to be driven by the output of the alarmcircuit as

requl ' ©%ad deff Ad YHle/ HiBHOT Vel A WyhiRhirondtn 3 the thedtiminged above. 25

The gaté Circuit astits oné inpuf term nal 'supplied suc control

Si gnal  [o whild QW) aived @uldbrit’ TMoWae t8eBEs thier @eispliy the cl ock

circuit 31 as is -54- raised to the high level in synchronismwth the
timng gleatis OSH axddigPie current flows through the display neans DSP and
SP. In this case, the battery voltage supply [err] 5 usual |y has such a
rel atively | argdn rthdisn@lasegs ithieabad tieryt voltaget supply! Ngge is .
substantially reduced if a large current flows in accordance with the |arge
db ve cwsuedldy has suchdac nedatiivelye lagigea daternaie nesisdanceol t age supply
[err] is_resultantly detected by the_ 10 conparator 25. It should,
however thet ddisceutpnt yoditage s euhshantigddy redwced dfear educti on of

e Vol e % 5! o AT SR S B S A 20
Vol t 200 RS Gl rURN IR TH! RO YR S et ARy 1N
voltage supply VSS islresultantly detected by the
10 comparator 25. It shouid,"hoﬁever, be noted that a
slight time delay occﬁrs until the reductioﬁ_of the
voltage is detected. | :
In the case where the gate circuit 27 and the
control signal ¢, are used, it becomés'unnecessary to
15 await.the voltage drop detection output based upon the
'output signai of thé comparator 25.
As will become apparent from the following
description, the voltage o£ the battery voltage supply
VSS is supplied td the ﬁpltage regulator 2, before -
20 such a circuit 6ﬁération is started as to reducé the
voltage of the battery voitage source Vgg» so that the
undesired voltage drop on the lin_e.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



+As Wi Il beconme apparent fromthe following description, the voltage of tngg,
Bdttery voltage supply is supplied to the voltage regulator 2, before 20 ¥
such a circuit operation is started as to reduce the voltage of the battery
*voP+dge source [err], so that the undesir§d5§qltage drop on the line 13 tan
be prevented. In Fig. 16, the start controlCircuit 28 is indicated

| ndependently of a clock-ggnerator 11' so as, 25 to_facilitate its

under st andi ng.. Th® NANP: cipaui®| NRqcond ol inverten IYogratecrdird £9 in
verter 1V20 ar cARGERATD PRBCSEA SLEGREF ARRPR ol FSboue 1 1 Fl o, 4. The
through a line 143 5  Fos IR ARy MMy s BB SEULE S 1)
Suply vol tage 1 s aciorotupting VERh Sraliel tifohen' R 8L T
the start costrol sehmCehb ﬁ@nsgggéieﬁgﬁgf%:%%/gﬁiﬁg?ﬁ%gnﬁh PPg. 4@)the line

123 not only during the start period out put - of the NOR

gate 27 has the | gWitRVEE. rédGcédntd! the Powolével whehNthé!l Peduetivi at or
11' is also shown in Fig. 18. The clock pulse [err] 15 supplied froma
NOR circuit [err]ihathe batteryl voltagel sapphy neobtagéoisodetepbed to the
fact that the signal on the line 124 has the | ow |l evel. The operation of

the circuit shownahd when the alarm display is made. As a result, the

start control circuit 28 supplies the low level signal

10 to thé 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 the clock generator
11' is also shown in Fig. 18. The clock pulse d1’

‘15  supplied from a NOR'circuit NR1O falls to the low 1e§el
‘in a manner to correspond to #he fact that the signal
on the line lzh 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 1In ?fg. 19, incidentaily, letters Vp (+) implies earth
potential, whereas letters Vs (=) implies the
potential corresponding to the output potential of the
battery power supply VSS' _ |

It should be noted that even if the stép dcwn

25 voltage becomes eqﬁal tq or lower than the stabilized

| output voltage VCL' the stabilized output voltage VCL

at a predetermined level is generated by the switching

operations so that the battery voltage Vgg can be



Is indicated by the waveforns Ato Gin Fig. 19. 20 In Fig. 19, WV
W\ dentally, letters [err] .(+) inplies earth poetential, whereas letters.

& ] (-) inplies the potential corresponding to the output potential of_, =
tfe battery power supply [err].-I6gshoul d be noted that even if the step
down 25 vol t age becones equal to or |lower than the stabilized out put

e eneattartively st o kg §‘5%$§%4%22‘c§8%2§ Lés‘é‘j:a%ff re%f,%%%{ Thgo [err].
) b -56- f i vel . i .
b prol S be Ansieuged. ) ABFYe hﬁiﬁbﬁézﬁtﬂ?ﬁshéﬁ%ﬁm BAS: nter ﬁ?{

. ' _ \ ¢
bl ace | e, higl Mt Anat WeSLSeaNt], Uk, RVERRI HUBRRSRE T "
addi ti oppys StHdY: & f éga%fﬁ?gﬁ?%ﬁgggP_ﬁégrkiggeagﬁv%hgecones especially -«

suitable in the case ery s used. I'n"a nodified form

for i ng dpesradti2d midle WH0Ali I@FEe é\?fréﬁfc%ihhé}:%p%ggng. ghe Fig. 16 may be

repl’aced by the circuit shown in Fig. 20. incrdental ly, the

el ement aduticrp OLlisuch G thenéCE0ECas VBas! BERA! degbribedf absyei N9
enbodi ments are indicated by identical reference characters. 15

In the dievones Esgécially suitdbletintthe caseewRegeURODitRduUEti on in the

battery vol tage supply voltage, the clock pulses [err] to [err] and the

cont r ol battexty Ashamsedhe high | evel, whereas the control signal [err] has

Hhe Lo ey R Wodified form, forming the sixth

10 embodiment, the circuits 1 and 2 of Fig. 16 may
be replaced by the circuit shown in Fig. 20. 1In Fig. 20,
incidentally, the elements corresponding to the ~
respective elements of the foregoing embodiments are
indicated‘by-identical reference charaéteré"
15 In the circuit of Fig., 20, at the starting
state and upon reduction in the battery’voltage supply
voltage, the clock pulses d1 to ¢3 and the.cbntrOI
signal A have the high level, whereas the control
signal X has the low level., 1In accordance.with.the
° 20 ’respective signals at the respective levels, the -
switching MISFETs Qq to Qs end the MISFET Oy, are
rendered conductive, whereas the switching MISFET Qh
and the MISFET QBo_are rendered non-conductive. As a
result, the capacitor C1 is substantially connected in
25 series with the battery voltage supply.Vss and thé

capacitor CS‘ As a result of the fact that the

capacitors C1 and C3 are connected in series, the



2 respective signals at the respective levels, the swtching MSFETs Q to .
Cg/and the MSFET Q are rendered conductive, whereas the sw tching M SFEL-.,
Lerr] ,and the M SFET B0 are rendered non-conductive. As a result, the 6?%?
capacitor [err] is substantially connected in 25 series with the battery

vol tage supply [err] and the capacitor [err]. As a result of the fact that
the capacitors [err] and [err] are conne&hed In series, the - 57 -
capacitor[err] is charged not only from tHe control- M SFET [err] -
constituting a papaciftorhe.vdls agargedunatoonld yoftroal thet lontgolt NESFET
capacitor [err]. As a result, when the battery voltage supply is

connected, the Q,geconsticuling magarto dfe thepploléageo relgaliaitos 2ebuk can

be accelerated. At the sane tine, the -capacitor [err] is charged within a

rel atively shor @lsiomEhgougdd thef capaci&ost &yt-i ndss@areshds veh’g'@@, thge

control signals_ A and A have the |ow and.high | evels 10 respectively,

wher eas the cl obPREF§ETeY¢ATR SUPPLYndEc FONPECFedhatd®d Tdis® 1o %t o t he

of Flgures 12 alf FESeatbEq FUERALets ST ddna d G B SraRIrEetEa-
shown in Fig obt YR BARRTROR, (M ater B U S R B LOUC
the low level whenaasvdiy gg@&@pki§kg?@&iédhas the 20 high level at the
starting state and upon a reduction of the battery voltage supply voltage,
the sw tching ' After the starting state has ended, the
control signals A and A have the low and high levels
- 10 respectively, whéreas tﬁe clock pulses ¢1 to ¢3 are
conéecutively changed simiiarly to the foregoing
i embodiments. o
The step down circuit 1 and the voltage .
regulator 2 of Figures 14 and 16 can bé fﬁrther
15 modified, to form an example as shown in Fig. 21,
which does not form part of the invention.
| In the circuit shown in Fig. 21, as a |
result of the fact that the.clock pulsés ¢i to ¢3 have
the low level whereas the control signal A has the
20 high.level at'the.starting ététe and upon a reduction_
of the battery voltagg quplf vbltage, the switching
MISFETS Ql to Q3 are reﬁdered non-conductive whereas
the switching MISFET Q4'and the MISFETs Q, and Q3
are rendered conductive. As a result, the control
25 MISFET'Q14 has its drain supplied through the
MISFET:Qs0 with the battery voltage. On thé
other hand, the cépacitof él is supplied through

the MISFET Q31'with the constant



M SFETs [err] are rendered non-conductive whereas the swi tching M SFET N

[err]

and the M SFETs [err] are rendered conductive. As a result, the_""
25 M SFET 14 has its drain supplied through the MSFET [err] wih *°

nt r ol
'(Egaé battery voltage. On the other hand, the capacitor [err] is supplied
rough the M SFET [err] with the =dPBtant -58- voltage which is
supplied to the Iine [err] When the starting state has ended, the control
si gnal voltegé lwhichy isvehpplbed ato ttize 1 i ses to are consecutively
changed in simlar manner 5 to the foregoi enbodi nents. The chargi ng
and di schar givhematie starting aptate chascended;tthet¢ontrakting state has |
ended are constituted exclusively of the smﬁtchin%éNISFETs [err] to Q4. As

a resul $ignaliA hassthe clow levekwhereas the gloal

Pul$Rs power | osses from

N et

connect
capaci t

r Lerr Moy eover jnce,.the MSFETs [err] and [err] are operated
i P phas 0 +§etéﬁfﬁ§% f??%?i#ﬁe?5§15 generate the single control signa

Suppl i cd 1o 1 TS CAEEINg (e (ebebir BERE ThEe $EOMBT "D PV RS (0 P

20

Never! heagacitor ¢NSaresr YREMStaPEIILELAEY BEE @IdEd dite! 0 De performed
by t of t

e use oftthe swtching nean ose step down circuits or in

t he casgonéfituté® eiézugﬁw@npp@fathenéwﬂtehﬁ&gsmnsﬁnwéf@3us@ of those

switching neans, it is

10

15

20

25

Q,. As a result, it is possible to prevent such voltage
and power losses from being estaﬁlished as will téke _
place in the case where the MISFET Qjo is cohnected in .
series with the charging and discharging paths of the R~
capacitor 01‘ Moreover, since the MISFETs'Qso and 031
are operated in phase, it becomes sufficient to
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 ié to be performed
by the use of the switching means of those step down -
circuits or in the cése where the sfep-down operations
are ceased by the use of those switching means, it is
convenient to use three-phase tinming pulses which can
simultaneously render the MISFETs 01 and Q2 cohductive
without any difficulty. |

Furthermore, the circuit of Fig. 16, which makes
it possible to use the battery to generaté'a.reduced
voltage, can be similarly applied to the circuits of



tonveni ent to use three- phase timng pul ses which can sinultaneously render

t e NISFETS [err] and [err] .conductive 25 w thout any difficulty. o
Furthernmore, the circuit of Flg 16, which makes it possible to use th e
battefy to generate a reduced voltage, can be similarly applied to th
circuits of - 59 - Figs. 1, 10, 11_a€ 14. Furthernore, the

differential anplifier 20 of the voltag®’regul ator 2 may be clock- driven

to further redysgdhg cuiqenty SORPUTP!! Ofyr Lo LBbSIOBRLT 83EFODRLEG 0Ot E

control voltag [ert] 1S nralntal néd capaci

[err]. Further Eﬂ{gg’zﬁ@% aNPVSr dﬁ%&%@?@a%@f@éﬂ?g érCQ”mQ?r%dEhlScHSed in

such a small-siz el ectroni c device an”anal og e oni ¢ watch or

digital el ectr oGt sikyhes Sréiuyenchy 8ubabher ¥ondlBmption.
Attention is drawmn to our Patent Application No. 81.29362 fpubl i shed under

Serial No. 2, 0&hib@odifieadiem, tthe 4ppéi contool1haslbage dfVetHedMISFET
Attention is further drawn to our first- Divisional Application No. 83.

(%Zﬁ(zzﬁrrent I5( pulg.i ﬁ“ malidetra ifed Sey | the Ncap@citor CA ) filed
y here - 60 - CLAIMS. 1. n electronic circuit
including: (a) a fi rst nEie thexmozel, t théecabapel dedcribbedaepbndimenps| vy
vol tage; can be widely used in such a small-sized electronic
de&ice, e.g. an analég electronic watch or digital .
electronic watch which is driven by a battery.
10 Attention is drawn to our Patent Application
No. 81.29362 (published under Serial No. 2,086,156) |
e from_which this Application has been divided.
Attention is further drawn to our first
DiQisionaliApplication No. 83. 27324 = (published under

15 Serial No. 2, ) filed concurrently herewith.



(b) a second node; 5 (c) a first switching elenment connected \./

' ween said first node and a third node; (d) a first capacitor connected
'ween said third node and a fourth node; (e) a second sw tching el engpy *
nnected 10 between said fourth node and a reference potential point of

said circuit; (f) athird smntchlng el ement connected between said fourth

node and sai d second. node; (gJ 20 Surth swi tching el enent connected 15

betmeenagigg third node and said second node; (h) a second capacitor

arrangg be charged in accordance with the voltage which is supplied to

sai d s?cond nodeAn(ghe? gggﬁ gg&ég gengr gg g@de operative 20 by the ;
3 .

vol tagé, which iS sU Fom'sal d sacen citor, to generate clock

pul'ses partly fog %UQS%&%&%L:&S@%@@QO%&' bel dhligean said first and
(0]

third switching efément s and partl sub- stantially similtaneously .

turni ngien - gaﬁgwggcgggpququug d; - 61 - switching elenents during the
time period ichis different fromthe "ON' tine period of said first and
third switching ¢bé¢mansecoaddnbide; a -starter which is nmade operative 5

to supply signals for sinmultaneously turning on at |east said first and
folrth sw tchi ng(elereftissdusimigchipgeddementnednniemteder i od when the power
supply is connected.

between said first node and a third node;

(d) a first capacitor connected between
said third node and a fourth node;

(e) a second switching element connected

10 between said fourth node and a reference thential ' o
point of said circuit;

(f) a third switching element cdnnected
between said fourth node and said second node;

(g) a fourth switching.element connected

15 between said third node and said second node;

(h) a second capacitor arranged to be charged
in accordance with the voltage which is supplied to
said second node;

(i) a clock pulse generator made operative

20 by the voltage, which is supplied from said second
capacitor, to generate clock pulses partly for
substantially simultaneously turning on said first

and third switching elements and partly for sub-

stantially simultaneously turning on said second and fourth

L



2, An el ectronic circuit according to Claim1, 10 further

i ncl uding an .oscillator respansive to the voltage, which is supplied fr i
sai.d second capacitor, as the power supply voltages, said clock pulse S§§§5

génetrat or being responsive to the signal, which is generated on the ba

of the oscillating output of said osgigé tor, as 15 a reference clock pul se

signal, and said starter being arrange 0 have its operation controlled in
accordance with the oscillating operation of said oscillator. 3..
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oscillator responsive to the 20 voltage,” which is supplied fromsaid second

eapaci tor, as tlaefgewentsppiny thel rage; tdme pRudRAY ofi wadar fiesRONSi ve to
t he output signal of said.oscillator; and an oscillation detector for
detecting the oand lthirdgsepechtingnedlemenitd,. amsici | | ator, said starter
including a latch circuit 25 arranged to be rendered to a first state by
the output signal of said oscillljati on @etsgeirder whdicht i peder opepplyves
connected, and to a second state by the signal, which is thereafter fed out
.of said freqhentp &UPPAFr 519na186;§°r slmul aneously ANTaiagt OBnRE ABAEG t

jaccording to daimg3, further, |ncIu a Qlta re ul ator ,responsiv to
ithe vol tage, whS@pd; §1§§§pPPQd Eoygreh & So SYEANGoas uppl y a
const ant voItage t e d to_sai.d 5 OSC|IIator and sai.d f.requency
Gvider 5 UpreReREriiils Bimel pRHiB wrel e eues EHPBLY: e Furt her

I ncl udi ng an ou%g#h Rubfer circuit responsive to the vol tage, which is
supplied to sai I Tst node, as the power supply voltage

An electronic clrcult according to Claim 1,
10_further'inc1uding an csciliator responsive to_the voltage,
- which is supplied from said second capacitor, as the
pcwer supply voltages, said clock pulse generator being
reSponsive'to the sighal, which is generated on the
‘basis of the oscillating output cf said oscillator, as
15 a reference clock_pulee signai, and said starter being
.Eﬁrranged to have its operation controlled in accordance
with the oscillating operation of said oscillator.
3. ' An electronic circuit according to Calim 1,
further including: an oscillator responsive to the
20 voltage, which is suppiied from said second capacitor,
as the power.supply voltage; a frequency divider responsive
- to the output signal of said.oscillator; and an oscillation
detector for detecting the oscillating operation of said
-"bscillator,_eaid startei including a latch circuit
25 arrangéd to be rendered tc a first state by the output
signal of said oscillation detector, when the power supply
is cgnnected, and to a second state by the signal, which

is thereafter fed oﬁt of said frequency divider.

* € L L] s *




10 6.

An el ectronic circuit according to Caimb5, wher ei n. sahd

said oscillator, said. frequency di vider, said oscillation e’

FTRst to fourth switching elenents, said clockspul.se generator, and
rter,
t

etector,

2
3

said vol tage regulators and said output buffer circuit are formed:
in 15 a conplenentary type insul®ed-gate field effect seni- conductor
Integrated circuit device; and wherein said first and second capactors are

connectged to said comine@RicAroniVPe iirtsiitatREG@itg It‘tl ¢1efikeat,

sem conductor integrated circuit device. 20 7. : An el ectronic.

vol tage of a battery. 8. ‘An el ectronic circ according to.

ci rcui tfuraterdiinglud idgaiamvio] talver eieyulath |rreastpdn§1®e¢\m\\tt.mel ied with the

0 ai m ¥oltagesi whiaihd ilsatsuppyl iied &d isaHidurmesandemodeds i order
t he pré&ce@uRPly & wonstant voltage to be supplled to sa:.df

5 oscillator and said frequency divider.

5. ' -~ An eleétronic circuit accofding to Claim 4,
further including an output buffer circuit respon51ve to
the voltage, which is supplled to said first node, as

the power supply voltage.

10 6. ' An electronic circuit according to Claim S5,
wherein said first to fourth switching.eiements, said
clock pulse generator, aud‘starter, said oscillator, said
'frequency.divider, said oscillation detector, said &oltage
regulators and said output bﬁffer circuit are formed-in

15 a complementary type insulated gate'field effect semi-
conductor integrated circuit device; and wherein said first

"~ and second capactors,are'connected to said complementary
type insulated gate field effect semiconductor integrated
circuit device. | |

20 7. An electronic circuit according to Claim 6,
wherein said first node is supplled with the voltage

- of a battery.
8. An electtonic circuit according to Claim 7,
wherein said battery is a lithium batterf._

25 .9, An electronic watch powered by an

,electrenic circuit according to any one of the preceding

claims.

R B W “ \!|\
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An .
el ectronic watch powered by an electronic circuit accordlng to any one of



