w Power Consunption Electronic Crcuit". The present invention rel ates
: a | ow power consunption electraonic circuit, and nore parti Gsl a&l ' 3
| ow power consunption type electronic circuit which is operat %@%@?g
'voltage of a battery. 5 - An el ectronic circuit such as an
el ectronic watch to be driven by a battery is required to be of |ow power
consunption with a viewto increasing the life of the battery. Generally
speaking, a circuit such as an 10 el'ectronig 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 consurrptlon reduced by droppng the voltage supply to be applied

thereto. 15 Consequently, the power to be consunmed by an
“electronic circuit as a whol e can be reduced by operating the circuit not

with the voltage whi, diregtly supplie romth butvmtha
voltage at a rgl atlvg §8Were s\?d’ﬂ‘@ﬁ Hﬁ)‘b&%f? %"‘*BW 20

current consunpti onN~VOTrTage regoraror.  FoveveT T T above Tase, bet ween
the input and output term nals of the voltage regul ator, there - 2-
appears a voltage at a level which is equal to the difference between the

battery voltage and the voltage supplied to the electronic circuit, and a
current flow which is substantially equal- to that consumed in the 5

electronic circuit. As gheeppblent HAvEAtIDdY FIHLESES a low power
consumption electronic circuilt, and more particularly

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

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

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 insﬁlated ‘gate field effect

y transistors, can have its current consumption reduced by
dropping the voltage supply to be applied thereto.

_15 C‘onsequently, the power to be consumed by an
electronic circuit as a whole can be reduced by
operating the circuit not with the voltage which is
directly supplied from the battery, but with a voltage
at a relatively low level which is supplied from a low

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

and output terminals o: the voltage regulator, there



*consunption takes place in the voltage regulator. On the other hand, the @Eﬁ
current to be supplied by the battery is substantially reduced to a '
quantity 10 equal to the reduction in the current sonsuned by the

el eetronic circuit. Consequently it is difficult to substantially increase
the life of the battery. It is therefore an object of the present invention
-to overcone partially or wholly the aboye;15 referredto di sadvant ages.
According to the present.'invention there Is provided an electronic circuit

including: (a)appda¥stangdbradé aages 16veE ShPehi €6 vghh1argovre supply
vol t age; 20 ) Ieéb) a second naode; %f% a glrst S tcglng flenent
connect ed bet WEEHESLEReCe | betvween cthe PALEerY (vabtRIe (@Pdather ¥eltagacitor
connect ed bet vesppEibed tdithle nelectrohic feirthitpdaend2d current flée) a

second swi tching. el epeng e [ u | d reference
potenti al poiﬁ?gﬂgﬂsg§gé%§§%§ﬁ§%£?ﬁ§)éﬁﬁ%?r%gs€P%§h§§§5£$%§e§F E@%nected
bet ween said felectronte eivicet¥d second node; 30 (g) a fourth

swi tching el ement connecigdy bedyeep, s@i feidiide1pdRighdpsaéd second node;
(h) "a second cqg?citor arragggd to, be charged in accordanc% with the
vol t age whi ch iSORSHMPTERR ( tAkSF PLACHNHR nbhR; vektage regulagpr., o tage |

detector for detecting toattlsai ctipermetiasdpptyeveutagnthes Beogppplieda
- predeterm ned 3§“éﬁé-battery is substantially reduced to a gquantity

10 equal to the reduction in the current sonsumed by the
electronic circuit. Consequently it is difficult to
substantially increase the life of the battery.

It is therefore an object of the present
invention to overcome partially or wholly the above

'15 referredto disadvantages. .

According to the present invention there is
provided an electronic circuit including:
N o (a) a first node arranged to 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 capacitor connected between said
third node and a fourth node; | _

25 o (e) a second switching element connected
between said fourth node and a reference potenfial point
of said circuit; R :

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

30 (g) a fourth switching element connected
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; '

35 ' (i) a voltage detector for detecting that said
power supply voltage has dropped to a predetermined.

" value:;



« m3-" (]J) acontrol circuit for substantially sinultaneously turning on said
'rst and third swtching el enments and substantially. sinmultaneously turning
on said second and fourth switching elenents 5 during a time period Wil gh -
is different fromthe "OM tinme period of said first and third swi tching
el ements when said power supply voltage is higher than'said predeterm ned

val ue, and for sinpultaneously turning on at least said first and fourth
swi tching el enents, whdrjl)ie cs@tdOQOMﬁag@iaef@ct@mhsﬁannﬁ&iiwxithat t he

power suppl y Fﬁh&%gggﬁgél at_ 15’&%1 Of $3iid g:&@. t%bda rt@ﬁx‘@?' The present

I nvention w now greater deta exanple wth
ref erence tosvhécaéEENﬁ&ﬁwﬁﬁgsdﬁéﬁ ﬁ@?Stﬂﬁéﬁéﬂﬂy SPFU1taHGOUS1YFngre 1is

a.circuit diagraimghen aalan sesemdl andl fedrehegtieining fQWirentsd gures 2A

o922,obe SahEinh, hatviRe beCiB 2hing {1 ahesll) AEl Sl e
|IIustrat|ngttme ppeiati off shithdéicistcant $hawﬂ|swn%qymngibléﬁqpt§a4-Ls a
detailed | ogifigh £htg!bbydragldtynouiRaoR 9ek;Brald chbiPlcdigure L

e opera

Figure 5 is a serie l"ust |on of the
circuit of Fpyefietarmingdrwadues angd feoyi simudFaneossdw tPraing,@n shifting

circuit; Figheeldabt 8aghr €irstdand FBuTRAWSRE tahindy ¥ileiertid CUiHen 30
Fi gures g and_9.are gha |IIustr%t|ng t he cgar cteristic curves of the
circuit sRhowRaif gpbg etector etecte at the pover

supply voltage has fallen below said predetermined value.
The present invention will now be described
in greater detail by way of example with reference to
the accompanying drawings, wherein:-
15 : Figure 1 is a circuit diagram show1ng an
example of an electronic circuit; 3
Figures 2A and 2B are circuit diagrams
111ustrat1ng the operating pr1nc1p1e of the electronlc
c1rcu1t, '
20 Figure 3 is a series of waveforms illustrating
the operation of the circuit shown in Figure 1;
' Figure 4 is a detailed logical circuit diagram
showing blocks 5 and 11 of Figure 1;
- Figure 5 is a series of waveforms illustrating
25 the operation of the circuit of Figure 4;
. Figure 6 is a circuit dlagram show1ng a
'level shifting circuit; o
' Figure 7 is a circuit diagram show1ng an
" inverter circuit;
30 Figures 8 and 9 are graphs illustrating the
characteristic curves of the circuit shown in Figure 7;
Figure 10 is a circuit diagram showing a
second example of an electronic circuit;
Figure 11 is a circuit dlagran show1ng a third
35 example of an electronic circuit; '
Figures 12A and 12B are circuit diagrams



< Figure 10 is a circuit diagram show ng a second exanple of an electronic @E&
circuit; Figure 11 is a circuit diagramshowing a third 35 exanple of an ~
electronic circuit; Figures 12A and 12B are circuit diagramns -4- show ng

*the/operating principle of the circuit shown'in Figure 11; Figure 13 is a
series of waveforms illustrating the operation of the circuit of Figure 11;
5 ' Figure 14 is a circuiL_qiqgranlshomﬁng a fourth exanpl e of an
el ectronic circuit; Figure 15 is a series of wavefornms illustrating the
oper ati on of shiewigigr tbier oper@itjing: prindiplie ofl cthe eixduituishaymgrmm
showi ng a fi glg,kQ ghodi ment of an electronic circuit according to the
present invention, Figure 17 is a graph i]Jlustrating the characteristic
curve of the circuit sHH@NEeh 13 dif & BLPTIRY Pk Wavelorms st Liyskratiftal

circuit 15 ditags aPeradsion) dfhaHd anle A OfofiRlGerd 611 Fi gure 19 is a series
of wavef or.ms iII-ustratié.,n%tthe'o er ati on, of I@e circuit shown in Figure 16;
and Fi gurc? 20 is a cirCHIER J‘gﬁ?d‘rﬁ &o%’h‘bma n%’(ﬁ?r'f%rﬁ ﬁtb‘?"ﬁ’f'bq % he

enbodi ment off cixdhelexampde 2 @rcigladtrarioveincwEgure. 16; and Figure 21
R el S C°IPLE, CEIBA 95 I LA o bnEdrdt PRGgEIGLAy
the operation of the circuit of Figure 14;
-Figure 16 is a.circuit diagram showing a first

10 embodiment of an electronic circuit according to the
present invention; - .

" Figure 17 is a graph illustrating the
characteristic curve of the circuit shown in'Figure_lG;*
Figure 18 is a detailed logical circuit
15 diagram showing the block 28 of Figure 16;
Figure 19 is a series of waveforms illustrating
‘the opérafion of the circuit shown in Figure 16; and
) ' " Figure 20 is a circuit diagram showing a
modified form of the embodiment of the electronic

20 circuit shown in Figure 16; and '

Figure 21 is a further example of an
electronic circuit. _ : ' .

It will be'appréciated that the examples of
electronic circuits given in Figures 1 to 9, 10, 11, 14

25 and 21 do not form part of the present invention.

' In the first example shown in Figure 1, a
stabilized power supply circuit is'applied to an analog
type electronic wrist watch, the latter only being
shown in a block form. '

30  In this example, a lithium battery is used as
‘a battery_péwer supply VSS; It shquld be noted that a
lithium battery has higher storage energy than a silver
oxide battery of the same size. o

' ' Elements forming the ciréuit shown are con-

35 structed on a single semiconductor substrate by the well-
known CMOS (complementary type metal oxide semiconductor”)
'integrated circuit techniques, except for the battery
power supply VSS' capacitors Cl, Cz, C10 .



é and 21 do not formpart of t he present invention. In the first exanple
' own in Figure 1, a stabilized power supply circuit is applied to an .
gnal og type electronic wist watch, the latter only being shown in a bl ogk/

f-6rm 30 In this exanple, a lithiumbattery is used as a battery

power supply V It should be noted that a |lithium battery has hi gher
storage energy than a silver oxide bat$ery of the same size. Elenents
formng the circuit shown are con- 35 structed on a single sem conduct or
substrate by the well- known CMOS (conpl enentary type netal .oxide

sem conduct or gt egr ttgg%q: C hih § excgp t tery povver
supply V[err]a':l %]‘h‘bﬂgt%r i&’i&%{ﬁf gei ﬁlkw%%gﬂargtﬁzggpystal unit
X[err], a swid csteéppimg mosorMi ng notor M The semiconductor substrate is

constructed, although pot shown, ty rystalline 5
si | ?cog ~ On the ggm’ S %@‘B%'E?B “bF‘hEg%eaiEyfs’SF IH“ﬁtEﬂannel type
I nsul at ed: gatﬁtﬁcﬁ'#% %iéf’céh 6ftﬁr€¥ééeéfh E%ivg&%&i%iﬁ@ to as

M SFETs" sem con tor sub ate reo ere is forned a-
“tyde wel | regdidcomhi chon nbhctrsem:kctbndueﬂom substrate, hhehanare M SFETSs.
The M SFETS of the, sa con I on e 5| fa ricated by
sem conductorgqlm%r ewg ﬁ?ll ggﬁi so that they
have substanty t&émémmwfemasulﬁs msmsn) | ppshoul d
be not ed that the references Pl _

the semiconductor substrate, moreover, there is .formed
a p-type well region which in turn is formed with
10 n—channel MISFETs.
The . MISFETs or the same conduction type are
Siultaneously fabricated by semiconductor integrated
circuit device fabricating techniques so that they have

:  substantially the same threshold voltages.' ' v
15 It should be noted that the references P, to
' P,, appearing in Figure 1 indicate the external terminsls

10
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 step down cii'cuit 1 comprises: a switching
MISFET Q,; @ capeci_tor C,; a switching MISFET 03and
a c'apacitor cz, which are connected in series between
the battery voltage terminal P1 and an earth terminal P2;
a switching IHSFEI 02 which is connected in parallel
25 with a series circuit consisting of the capacitor C and
the switching MSFET Q3, and a switching MISFET Q# which _
is connected in parallel with the series circuit consisting -
" of the switching MISFE‘I' 03 and the capacitor (!2
~ The respective switching MISFETs Q, to Q, are
30 of t_he n-channel type, so that the battery _voltage _supplied_

)]



P10 appearing in Figure 1 indicate the external terminals of the -
sem conductor integrated circuit device. The electronic circuit includes a
step down circuit | which makes use of the charges on capacitors. 20

The ep down circuit | conprises: a switching M SFET a capacitor

Clerr]; a switching M-SFET and a gapacitor C2, which are connected in
series between the battery voltage termnal Plerr] and an earth termnal P

a switching MSFET Qerr] which is connected in parallel 25 with a

series circuit_copsisting,.of .t ke capacitor and the ,sw tchi M SFET (B;
and a switchi n&ngegﬁE%eéiﬁﬁ'}c%ﬂ Exa oﬁn@egg@%ivﬁ P “wi t #¥he series
circuit consi SMISFETs Q)€ tog, Chave PL-Trwbe Wednd riehs ot @ Ehinle. 3
The respective switchind M SFBTs ) e?ﬂr-] 5?0 Jerr] are SOQQlwog?‘t Eg]t

n- channel typeshown)hwhichearet dodepevdende ofupople emnotherv ariec formednals

Plerr] has a nggative.polarity. he M, SEET to Q4 have p-type wel |
‘regions (alt ho?fﬁ%l ﬁsﬁ‘igﬁf}@ﬁf—?#i éﬂlgggaﬁﬁgeﬁéﬁ‘&éﬁtt‘of one another- are
formed5as the sem condughobrdgregbantfimizeUithe Yoltage drop due 't® Or der
to mnimze the voltage drop due to the substrate efféect the swtching

M SFET has it $heusubsiratgaefecte. thet switchiagwMISFEDQnheisedtsi cal | y
connected with_the.term Plerr], ereag the switchi M SFE e has
its substrate Gﬁpé.té‘%& B?kgl’l ?8%%@&8‘%@@3 we\iym- F’ﬁsa%PeP °ﬁ_§?‘9§§ﬁ '
Li kewi se, the gphhebted WithEtheStbaminkl PUhSwhareaddithet stditchinl v
connected to a termnal. P5. The semi conductdr substrate acti ng as a common

substrate gat eMISFEBoQp hrs ptshswhstragecgetdet edesdrically connected

10 with a terminal .PB. Likewise, the switching MISFET 03
has its substrate gate electrically connected to a
terminal Ps.

' The semiconductor substrate acting as a common
sﬁbstrété gate for both the p-channel type switching
'\J5 . MISFET Q, and a variety of p-chamel type MISFETs for
constructing such various circuits as will be described
hereinafter is electrically connected to earth through
- the terminel P,. | R
The capacitors c1 and C2 are required to have
20 a relatively large capacitance such as 0.001 pF to
0.1 uF beéause their respeétive charge voltages are
used as the ﬁower'supply voltage to be supplied to a
_voltage regulator 2. However it is difficult to .
_ 1hcorpdrate thé_capacitprs haiing large values of
25 capacitéhcé into a semiconductor integrated circuit
~ (which will hereinafter be referred to as *Ic"). In
the'eﬁbodiment shown; thg éapacitqrs C1 aﬁd:CZ are
connected to thg IC through_the external terminalg P3,
P, and Pge S o | _
30 ?he syitching MISFETs Q, to Qh have their ggtes



"M SFET Qerr] and a variety of p-channel type M SFETs for constructihg'

's’uch various circuits as will be desctribed hereinafter is electrically . __
connected to earth through the termnal P2. The capacitors Cerr] and
Clerr] are required to have 20 a relatively large capacitance such as

0.001 [err]F to 0.1 [err] F because thelr'respectlve charge voltages are
used as the power supply voltage s be supplied to a voltage regul ator 2.
However it is difficult to |ncorporate the capacitors having |arge val ues

of 25 capacitance into a sem conductor integrated ci rcw t (wh| ch will
her ei naf t er sapplded’ wadh! thes cutpult cldck Pl suE Yl ey Vq
capacitors err] and rr] are connected to the%j thro&gh e external

“term nal s Pcd@gkpgenera 1‘11 via a lpvelswhifhing misrant Jarr] to

Soel ™ or o CraEh mtbiBl My i G ilieciy T
sw t chi ng MrghB@éreliccbhdastitdechy| c],@rcg w;tsaryéo@dy ¢ e'nder ed conductive

by cl ock pul ses err] and J[err] respectivel wherleas the switchi ng
M SFETs5Q Ef&Pestivelys n!fh?&'ﬁ@éu?'h? ssdtehing y!ntheﬂ cl ock

Phe- owi t chi B5e\PLRe Exbpoliny ReRaerBR Rridiesivle ) dne Bl PRl .

2A the capagitand @ caupringdal@ime] period’ dimﬁﬁﬁﬁ(i‘rdm Wetewhas s resul't
of the switcfling M FETS& rr and Qerr] bei ng rendered conductive. In

this state, thReswhkehing, Qgnangd &y prer comdusdiives connection are
.Charged by the vol taﬁ@tthH& Jegt f‘iﬁf\re 2A the capacitors c1 and

10 c2 are connected in series as a result of the

switching MISFETs Q1 and 03 being rendered conductive.
In this state, the capacitors C1 and c2 of the series

¢onnection are charged by the voltage of the battery

supply vés
15 Referring to Figure 2B, the capacitors C1 and
C2 are connected in parallel, as a result of the
switching MISFETS Q, and Q, being rendered conductive.
The output voltage of the step down circuit 1
~ is obtained across the terminals of the capacitor CZ,
20 * By making the values of capacitance of the
capacitors c1 ‘and C2 relatively large, 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 C,, whereas the output voltage of the step down
circuit 1 1in the ‘state of Figure 2B takes a vslue which
is determined by the. combined stored charges of the
parallel connected capacitors C1 and C2

30 . By. making the valuesof capacitance of



Supply V[err]. 15 Referring to Figure 2B, the capacitors Cl1 and
C2 are connected in parallel, as a result of the switching M SFETs  err]
and-Q.err] being rendered conductive. The output voltage of the step down
circuit | is obtained across the termnals of the capacitor C 2 20

By maki ng the val ues of- capacitance of the capacitors Cerr] and (err]
relatively large, the output voltage Of ®tfle step down circuit | in the
state of Figure 2A takes a val ue mhlch |s substantlally determ ned both by

t he vol tage of |y 2 l.{.a
determ ned by t e ca éﬁ%?gﬂc?erra? ‘3,1 eiroe§3c g%gghbut Pi‘iéb
the step down cvolztagel of nthéegsept aowh Eug-uthZB inkeheastalttecoghi ch is

determ ned by the conbi ned stored char%:s of the parallel connected '
capacitors Cl af4gepe 24 and the oubpubaNPAE aﬁe”aﬁbésétebaﬂélmt ghreudt 1

vol tage of the & tﬁ%3%%58??@ﬁf?f?ﬁ*ee?ﬁiEsPSPéagPdﬁﬁgﬁi§° “and Lhe out pu

vol tage5of the stbgtantiallyctdenticalt balaeat 4 .ef, ,FispbstaniBiadlybeneeduced
to a5 substantially identical value, i.e., substant| al I one hal f as

high as the volhalf a8 Righpasithe voltege,pd Fh}le B?Wﬁﬂsé‘rlp ol el
descr | bed abover  the curPEnfnénBeRLpRCDethileh REGVEREL] F*ifgge”
i s substantial | gfotice heapaejstbrshc‘?sanueCEW asnhawnbebnf Bewcrlbedhe vol tage
regulator 2. ‘above, the current which flows from the battery supply
SS is substantially 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 41, the switching MISFETs and Q3
may be rendered conductive in a manner to complem_ent the
\_15  switching MISFETs Q, and Q. For this purpose, the switching
MISFETs Q1 » Q3 and% can be driven by an identical
clock pulse, whereas the switching MISFET 02 can be
driven by the clock pulse which has a phase opposite
' 'tc the clock pulse for driving' the MISFETs Q, Q and
20 Q4' - :

10

In this case, however, by the leading and
= : " trailing edge characteristics ot the clock pulses, both
the switching 'MISFETs Q.' and Q, and both the switching

2
MISFE‘I's 01 and Qh are simultaneously rendered
25 ' conductive in a transient manner so that the following

disadvantages result.
" First of all, if the switching MISFETs o.‘ and
- Q2 are simultaneously rendered conductive, the battery

- supply Vss and the capacitor c2 are coupled through
30 those MISFETs Q1 and Q2 As a result, the__ charging

-
’ f



will be apparent fromthe operations of the step down circuit 1, the
witching MSFETs Qerr] and Qerr] may be rendered conductive in a manner
to conpl enment the 15 switching MSFEs JQerr] and Qerr]. For this
purpose, the switching MSFETs Qerr] , Qerr] and err] can be driven.
by an identical clock pulse, whereas the switching MSFET Qerr] can be-
driven by the clock pulse which has a ase opposite to the clock pulse for
driving the MSFETs Jerr], Qerr] and 20 Jerr]. In this case,
however, by the | eadi ng and trai | i ng edge characteristics of the clock

pul ses, bo er bot h _t syi tching
M SFETs qtgr?,r dw& err e Simu '[%621 {%1 M?%déée%ahg%h Q:Gfﬁ‘i "\éﬁl' e in
a transi entthatnnricio irelaietermifued by nuaellmagéaneﬁ | $atfd re of
all, if th%hP\r/]\n t chi ng- M"SEETs err] and are simul taneouslé‘render ed _
tcgnduchl \ég a@&ﬁ’-&‘*f% pla}‘ 3l i aoroxrdanee twithy e]r:lasee Ivupl ed
roug esu rgi ng
-9- vol tagghgf ct e cgglam tor % gfr ]lmié1dc ﬁl’?r c:’n?gk %‘f &Pa&’? hat

V\ﬁl chis deupp&deddﬂoythteevod]ﬁag;e negulhtor rati® Widd® sapagiders ClL and
In agcordance with the rlse in the charging voltage of the capacitor

C2, the votPGYEass 359""’9!' °§¥pﬂiq dEsetfne voltage regulator 2 is . :
;\?v: '[Sgﬁl ?13 K‘/ISS}:ETlsnaier r aﬁd ﬁﬂﬁ%}is%ﬁéneouﬂﬁ;%hwnoa%%ct ive,
t he char gi sjmudtangeusiyt I:rendzqned tomncﬁicﬁtrwe,l stheli citarging’\sral tefa!l t  Of '
_tcgg ag: ts gr 10f the capac?tl‘l:sc.‘orc%Da(::l.lst g‘rai%[e%r.r] J{shea Crt]easrm(i].ll.t] goi}/ Qll.l{ea%?isoef the
10 of this capacitor C1 ’ the charging voltage oi' the capacitor
(:2 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 increase in the power loss,

15 " the clock pulses ¢1 to d ! are made to have such timings
as are shown in Figures 5G to 51, respectively.
When the clock pulse d,' is raised to a high level
at the time t10’ so as to be substantially equal to earth
potential, the clock pulse ¢ ' ig raised to a high level
20 . at a time t11 after a time period 21 has elapsed from the
time t‘| 0° Vhen a time period 22 has elapsed after the
clock pulse d ' has i’allen to a low level which is
substantially equal to the voltage VCL’ the clock pulse ¢1
falls to a low level. Likewise, _when a time period Z3

25 has elapsed after the clock pulse ¢1 ' has fallen to the
low level, the clock pulse ¢3 is raised to the high level.
When a time period Zh has elapsed after the clock pulse
¢3' has fallen to the low level, the clock pulse "1 ' is
raised again to the high level.

_30 | The voltage regulator 2 receives the output



"C2 is raised when the parallel converting operation is started. As a '@
result, the power loss in the voltage regulator 2 i.s increased. In order to
_prevent the increase in the power |oss, 15 the clock pulses [err] to
’[er\r'] are made to have such timngs as are shown in Figures 5Gto 51,
respectively. When the clock pulse [err] is raised to a high l-evel at the
tinme t10, so as to be substantially-ed@l=to earth potential, the clock

pul se [err] is raised to a high level 20 at atime tl1ll1 after a tine
period Z[err] t‘}l%ielapsedfromthetirretlo. When a tinme period Z has
el apsed after Medtags e hhe Ao oincudit (o thn i s

augh dia
substantial ly - qt O ' 0 S r f,allg to a
| ow | evel . Li ew\;ﬁ g'a' s\\,\#&}\i?% %gn%ogx[esﬁag\h: ZJOQ%&EQ B ﬁ';uf é‘iﬁ’é@dl € A*he
clock pul se [effhe batpiet! holtagd lof the holtagd teguletorrd 48 set to ai sed
to the high level, Wen_a tine period Z _has el apsed after the clock pul se

has fallen to SHeh SwVedRe as ie AxeRPped| sdo dhe vicindityeefaddien to the
hi gh | . 30 . g ' | 2 ' » th t put
M8 V8l Tage of PEREting, lover 1inlt WiIRRO M oMo’ dIBERNER S 17 2LLEN o

a constant vol cdgeudtt.its output line 1[err]. The output voltage of the
vol tage regulator 2 is set to such a_value as is dropped to the vicinity of

the 5 operating | Ghér nominal, glegdropotdyen voldage sic ther ddithiume
o o et ot BBy () WEE W15 BT RAD St S0
V. step down circuit is accordingly set to about 1.5 V.
' 0 Cohsequently, the operating lower limit voltage of the
various circuits is set 'Eo 1.2 Vo B
The volt'age' regulator 2 comprises: a p—-channel
type control MISFET Q,, which has its drain coupled to
the input line 12' and its source coupled to the output
- . A 15 line 13; a differentia; emplifier 20 for s\;ppl_ying a
control voltage to the gate of the control MISFET Q.' 4
a reference voltage generator 21 for supplying a
" reference voltage to the difference ampli_ﬁer 203
and a level shifting circuit 22. o
20 The reference voltﬁge' circuit 21 comprises
MISFETs 05 to Q8 and a resistor R7.
- The MISFET Qa has its gate and drain connected
to generate such a constant voltege between its drain
and source as substantially corresponds to the threshold
25 voltagé thereof. This constant voltdge is supplied to
the gate of the MISFET Q,. This MISFET Q, estsblishes
at its drain a drain current at such a level as is determined
by both the constant #oitage supplied to the drain thereof
and the resistance of a resistor R1 connected to the
30 source thereof. : |



@ Consequent |y, the operating lower limit voltage of the various
rcuits is set to 1.2 V. The voltage regulator 2 conprises: a p-channel -

o

type control M SFET which has its drain coupled to the input |line 12 \aad - |

its source coupled to the output 15 line 13; a differential anplifier .

20 for supplying a control voltage to the gate of the c¢ontrol M SFET ,
Qerr] a reference voltage generator 21| for supplying a reference vol tage
to the difference anplifier 20; and a Igve'T shifting circuit 22. 20

The reference voltage circuit 21 conprises MSFETs (JQerr] to Qerr] and a-
resistor Qerr]. The MSFET has its gate and drain connected to %enerate

such a constant vol t aflaebdradan curgemtaiof the MISFRT &, Sdensmka &

o aan T e WSS S SRR S part Bt AR Hﬁm@ﬁ?.@%%@r 07

establishes ghait! & drdih 2udreént Wﬁihs’i!n@lﬂfe MISFET @5 i det ernined

by both the constant voltage supplied to the drain thereof?and the

resi stance okceordinglyr sappliedc Smexthe drain: o) the MISHER Qgher eof . |
The drain current of e M f t 0 mng a
part 2of a current m rw&e 8“?’85% g?i% ?Nj?haﬁ r#egfﬁ"bée'ﬁfgf og'sggé?sl nggt he
M SFET Jerr ]qucﬁﬁ,%Ctzqr digng.y, tmepldredd veltdpe GRithe MISFEMEHs Jerr] .

5 e output vol tage of the reference voltage circtit 21,

i .e., the dr misedvalst etge @atendimssvoltgge 9f jthe stkfferentiakand; as
it eranti ol Somterte Pt A oy i i O L A1 A meeey ' 11
amplifier 20 and the constant current MISFET Q1 6 of :
10 the level shi.f.ting circuit 22.
| It should be noted that in the reference voltage
ciroui't 21, immediately after the battery supply Vss
is connected 'between the terminals P1 and P., the

'MISFET °6 has its gate electrode potential maintained /-

15 at earth potential for a predet_erm_ine_d time by the stray
' capacitance of the circult. 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 commected.
20 The level shifting. circ‘uit 22 ._comprisesz' the
- constant current MISi-"E‘l‘ 0163 and a level shifting
MISFET Q15 oonnected in diode configuration so as to
generate a voltage at a level whichhas fallen by an
amount equal to the threshold voltage of the level
25 shifting MISFET Q15 fron the voltage at the output
line 13
The diﬁ'erential amplifier 20 comprisess the
o differential MISFETs Q, and Q;,; a constant current
| MISFET 013 which is connected to the common sources
30 of the differential MISFETs Q11 and Q1 23 and MISFETs 09

and Q1 0 which are connected to the drains of the



. {
‘10 ~the level shifting circuit 22. It should be noted that in the @
reference voltage circuit 21, immediately after the battery supply V[err] '
i s, connected between the termnals P1 and P2, the MSFET Qerr] has its
'gat\e/el ectrode potential nmintained 15 at- earth potential for a
predeterm ned tine by the stray capacitance of the circuit. 'The M SFET -
Q@ err] is rendered conductive by the VOT‘Za'ge between its gate and source.
As a result, the reference voltage circuit 21 is started when the battery
supply Vss-is connected. 20 The |l evel shifting circuit 22

conpri ses: _themm'ren%guaen MﬁﬁEard&eta] fopdaacheyehtshirrbpy M SFET
connected in di ode conff§urati om@so as to generate a voltage at a | evel

ich has fal¢bewltan anount equal to the threshold voltage of the |evel

§i5f .f er ents- |h:31rt ;prgl MlSErET% E%ﬁp&*’ggg:‘%ﬁtig?fe ?@%%??g?u%ﬁ Efé?g?-rgﬁd
Qerr]; a congates aﬂrtnetdt/fﬁEEénﬂslrMISMQhQ,i aadn c&ednaombe common
sources 30 of the differential M SFETs err] nd QL' and M SFETS
Qerr]5and  irgingf cﬁhﬁréiﬁﬁﬁhéétéﬁltm pngopstifute avnopeETs

gﬂ (ra]r enti .aI. _arr%f#ﬁz er %nﬁ'?ﬁ;eé%hmfr‘b%f €s g}'é?ﬁ.‘mgl ;ﬁé{rzrgn# B‘%ﬁ%FETs
Qerr] . and and) s r'éu'apitt'berﬁinal ﬂeapectivé]hy.dl fferential M SFET
constitute a non- inver ut termnal, an inverting input termnal and
an output ternminal, r es-ée‘é Pﬁ t voltage substantially equal to the
- threshold voltage of the MISFET QB is applied to the gate
10 of ‘the MISFET Qﬁ, which ‘acts as the non-inverting input
 terminal of that differential amplifier 20, whereas the
stabilized output voltage CL of the MISFET Q12, which
acts as ‘the inverting input teminal, is applied through
_ the MISFET 015 to the gate of the MISFET Q,,, which
15 acts as the inverting input terminal.
| The ‘differential ampliﬁer 20 controls the
impedance of the MISFET °1 4 such that the voltage having
1its level shifted by the threshold voltage of the
MISFET 015 becomes equal to the constant voltage generated
20 'by the MISFET Q8 _
' As a result, the stabilized output voltage VCL
to be gooerated at ‘the output line l3
to the sum or the voltage between the drain and source
: of the MISFET Q8 and the voltage having its level
25 shifted by the MISFET Q1 5° '
The sta'bilized output voltage "'cx.
value close to the opera_ting lower limit voltage of the
circuit both by suit_ably.desigoing the respective sizes
of the MISFETs Qg and Q4 and by setting the bias current
30 voltage thereof.

has a value equal

is set at a



A lconstant vol tage substantially equal to the threshold voltage of the
VI SFET Jerr] is applied to the gate 10 - of'the MSFET {err], which,
acts as the non-inverting input termnal of that differential amplifierngy -
20, whereas the stabilized output voltage Vierr]. of the MSFET JQerr] which -
~acts as the inverting input terminal, is applied through the M SFET  err]
~to the gate of the MSFET (Jerr] ,nglch 15 . acts as the inverting input
termnal. The differential anplifi€r 20 controls the inpedance of the
M SFET d err]such that the voltage having its l'evel shifted by the
threshol d voltage of the MSFET (Qerr], becones equal to the constant
vol t age generated 20 Incidexytelﬂay;vl S 11?!\11‘}: thetaabluthe respechbiei zed

.out put vol t be geneyate ne 1 has val ue

' equgl 3 to %ﬁéﬁ 4‘ ff%é T & &ﬁg%#'? Yﬁ’a ﬁvgo’ﬂ?‘%'éa Yt he
M SFET ( er rdinfikhyt RhedHGTE-voPYASEs| t Ehé e§'&ab£§ized oﬁbpﬁteﬁioﬁtaF ae
M SFET Qerré} The stabilized output voltage -V err] is set at a va

close to thdgpdmiaulpnatioallyisetote gecvalue whichcist subtabbe suitably

d t FET d b
oot 2'9”?he'*‘é’. e SipfRy? FoTedhe | £er bR ML) 1rndbfehiralagar) ™ o
a result t hajottl tHd ALAsRatdn o1 Sk T8bob1ube vhlaei!t 6 0EKE" tRAEsAERNE,

have mutually simlar threshold voltages, the stabilized output voltage
Vierr] is avodkesemiaf the nespective MESEETS sandi fluctustions for the

supply vol t%qlee ft%r é&&&.&wés irrespective of
In the case vhere the operating lower limit
10 voltage of the above described circuits is increased by | -t
an increase in the threshold voltage of the p-channel |
MISFETs of the above circuits ’ the output voltage ot
~ the reference voltage circuit 21 is increased by an .
increase in the threshold voltage of the p-channel NG
15 - - MISFET QB As a result, a properly raised voltage VCL B
ig supplied from the voltage regulator 2. Likewise,
in the case where the operating lower limit voltage of

the above circuits is increased by an increase in the
threshold voltage of the n~channel MISFET of the above
20 circuits, the voltage having its level shifted by the
level shifting circuit 22 is increased by en increase
in the threshold voltage of the. n-channel MISFET Q15
As a result, the output voltage VCL is properly raised.
 Likewise, in the case where the operating lower
25 limit voltage of the above oircuits is _reduc_ed,_ the
voltage vCL is also properly reduced. .
- The circuits 20 to 22 can be operated by a
' very small bias current such as 10 nA, by suitably
designing their respective MISFETs Q to Q16 and the

30 resistor R1



“‘both the dispersion in the absolute values of the threshold voltages of the
respecti-ve M SFETs and fluctuations due to tenperature. In the case where

the operating lower limt 10 vol t age of the above described circuits is

i ncweased by an increase in the threshold voltage of the p-channel M SFETs

of the above circuits,.the output, vgJtage of the reference voltage circuit

21 is increased by an increase in t'he‘fﬁ'reshol d vol tage of the p-channel 15
MSFET % = As a result, a properly raised voltage V[err] is supplied from

the voltage regul ator 2.gug Q%f%°i&%@?&a%?%ﬁ%‘é h&épper ating | ower

limt voltage of the above ci S IS Inhcrease ncrease in the

threshol d vol t aljefferential cmplitidd FF Lo fsupplbéd Eréld the step dows,
t he vol tage havi r}‘g its{gev‘ﬁ.l‘ shifted by the level shifting circuit 22 is
i ncreased by arf sb Yheraas rthe; RAeR, SURRY ol tRge -£oR PReTAN NG T

Qerr]. As ar : g | r ad

Li kewi se, in t@cggﬁﬁg %1%‘%% m&ﬁ)v@r %pém#gnqtﬂ/%%]&é of the

above circlgts from cthe drgticry \soumge i;r] is also properly reduced.

The-circuits 20 to 22 ¢ be operated b very small bias current such as
o @ﬁgaqng'

10 nA, by suitably desi ? R&Yen $nNeukY c211is0 Qerr]
d the 30 fr : | tir
and the Etited Hidn that tt (' oouiitea PidhLy Yy B A1) N0

the differentia pl 1 I's supplie omthe step do rcurt 1,
wher eas t he pobattemplsupply § @s ey Jeery described drereinbéfare,

cireuit 21 1s suppllGbnd Fald ge to be used as a satisfactory reference
10 voltage can be sixpplied from the reference voltage circuit
21 even if the battery voltage is reduced by the |
consumption from the battery. Incidenfallj, the
reference voltage éircui_t 21 is sufficient to geherate a -
constant voltage at a relatively low level which corresponds
15 to the level of the threshold voltage of the MISFET Qg.

In order to further reduce the power consumption of 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 capécitor C,» which
is connected between the gates of thg MISFET Q1 4 and
earth, is provided partly to prevent the voltage
regulator 2 from oscillating and partly t_o' prevent fh_e
‘fluctuations in the step down voltage generated by the

25 step down voltage 1 from being tra_nsmitted to the gate
of the MISFET Q,, by the overlap capacitance (i.e., the
drain-gate capacitence), which exists between the drain
and gate of the MISFET Q,,, whereby the stabilized

- output voltage VCL is prevented rrop ﬂuctuating.

30 That capacitance is set to a relatively large value

such as 20 pF to 40 pF. | o

The stabilized output voltage ch is used as



_ﬁ?“ fromthe battery source V[err]. If the reference voltage circuit 21 is
constructed such that it is operated directly by the battery supply V[err]

, as has been described herei nbefore, a constant voltage to be used as
satisfactory reference 10 voltage can be supplied fromthe reference
voltage circuit 21 even if the battery voltage is reduced by the
consunpti.on fromthe battery. <« Mg dentally, the reference voltage
circuit 21 is sufficient to generate a constant voltage at a relatively |ow
| evel which corresponds 15 to the level of the threshold voltage of the

Yererenco v ihe, §RoBRYe Er.oﬁl‘*z#r hE a3t Yo W dedarisaE bR, obt ai ned
-fromthe stgpliowng.rcuit | in simlar manner to the differenti al
anplifier 20. 20 . - It shoul d be noted that a capacitor C4, which is

connect ed bet ween th@hgaeAQG&ronﬂe i grem by dmmthgniinﬁludelanFNOV|ded
o e PnPbREERLakBR MOMRIER 4SOMeRiingh Y BSd e d IR ARG ALY L0

dov§ vol tagfreqﬁéﬁﬁ’ybﬁﬂ.ﬁﬁallf TS H2. 768 Keiz,he gate of the M SFET Qerr] by
t he overl ap capacitance (i t he dratn-gate capaC|tance) mhlch exi sts

bet ween the drain anEhgapécéiiﬁﬁérNBSPEFPQPQQﬂ anigvartamd abi | i zed

out put volt eLL] oS n1f t.capacitance is
set toare ?gﬁ%{ Iéﬁl gir‘ggB@SF t!ichgg1 ?16{3_;‘#@}&038 sp‘is—a%% b| lized
out put vol tngsis‘[;orrasgs asbdaBSresis%r H}Q SepRjuartl (gt wHiwuits to
be described in th _

. xtal' and capacitors 610 and C 11°
10 . Referring to Figure T the inverter IVH _
comprises an nrchannel type MISFET Q,, and a p-channel

| | 20 *
type MISFET 021, and is operated by the supply voltage

VéL which is supplied from the voltage regulator 2.

10 and 011 for determining_the - o

15 oscillation frequency together_withfthe quartz crystal

unit x&al are selected from tnose, which have capacitances

The capacitors Cc

of a predetermined temperature coefficient, with a view

to reducing the temperature coefficient of the oscillation

fregquency and are formed as external elements from the IC.
20 ' 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 B of

Figure 8 if its operating voltage is made equal to the

battery voltage VSS

25 The' p-channel type MISFET 021 is rendered
conductive when the input voltage Vi is made higher than

the threshold voltage Vthp thereof, whereas the n-channel
type MISFET Q21 is rendered conductive when the input voltage
Vi becomes lower than the value which is calculated by

30 subtracting the threshold voltage vthn from the voltage



@

Tollowng. The electronic circuits further include an oscillator.3 which is
designed to generate a reference 5 frequency signal of 32.768 KHz.
The oscillator 3 conprises an inverter |IV[err] acting as an anplifier; an
scHl ation stabilizing resistor R3; a bias resistor R2; a quartz crystal
unit X err] and capacitors Clerr] and C[err]. 10 - Ref erring
to Figure 7, the inverter IVl conptig§s—-an n-channel type M SFET (Jerr] and
a p-channel type M SFET (JQerr] and is operated by the supply voltage V[err]
which is Supp|led fromthe voltage regulator 2. The capacitors C[err] and
Clerr] for deteVg nomgthecline 1. oskslaarcmlt;equcm:ren'bgﬂuu,vmsh t he
gquartz crystal are selected from ances

wh h
of "a predeternmi cated /BY & OROKER | CREYE I"F%tg'ﬁl‘é\r/]?!g o ac he

t enper.at ure co t Chsl 0
extrrgrnal el ement ﬁﬁ%ﬁ?ﬁ%“l% g% ot! thé Eef*i@ﬂ e |nverter i‘ﬁlc‘)wn ?—Q

Figure 7 is desaxy.hemlz oizhawccm-dmccmitblthgechtngccinrthelmpwgam:ttagc

i nput vol tage \<| err] ich is indicated by a curve B of Figure 8 if its

operati-ig volta I s nmade equal to the battery voltage V. 25

The p-channel type M SFEgp + Sh: defgneCaigsd i he i nput
an t?}% thr%‘g o %g s

voltage Vi is nade hi gher t o1d vol tage Wt ereof wher eas
t he n-channel toqomdugishre and nm+mnl®ne‘diwndttbeseomrﬂmethﬁsmt0¥ﬁl t age

becores, Lover  Loal 41 42} UindOtEll | SuSab ettt oo Uné Cstate, “MEREL " N°
a | the potential at an output node N is held substantially
10 at' earth potential, by the conductive state of the
| MISFET Q,, and then by the non-conductive state of the
MISFET on the charging current flows into a capacitor
- C, ’ _which is coupled to the output node N, through
the MISFET on from the line 13
.15 , - - . As a result, 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,, are simultaneously rendered
substantially conductive, and the charging and
20 ‘discharging currents to and from the capacitor C,. |
The range of the input voltage 1" within which
the through current flows in accordance with the reduction
in the voltage V; on the line 1,, is reduced, ‘and the
level of the through current itself is reduced.
25 | Moreover, since the changing range of an output
.vo;ltage' Vo is reduced in accordance with the voltage V.,
on the line 13, the charging and discharging currents
which flow through the capacitor co are reduced.
As a result, the inverter of Figure 7 has 1ts

30 powcr consumption reduced.



@{err] on the line 1. As a result, a current flows, as indicated by a

roken curve B of Figure 9, through the source-drain paths of the series_ _
connected M SFETs  err] and in accordance with the change in the ingyt-.
vol tage 5 Vierr]. On the other hand, in the case where the conductive
and non-conductive states of the MSFETs Qerr] and Jerr] are inverted
subsequent to the state, at which e.potential at an output node Nerr] is
~held substantially 10 .. at _earth potential, by the conductive state of
the M SFET (JQerr] and then by the non-conductive state of the M SFET :
Qerr], the chargi ng Iturghnld 'evnotéd thetgcéurve Qi cof] Figape 8s coupl ed
to the output _node N err], through the MSFET fromthe |line 1[err]. 15
‘As a resul t 1limstrates the, outpzt el t3ee icharactentstivaragaimsture 7 is

CELe"Thet Sheh S S N 00 et 1 5 Vb ol b

subst anti al loptputd volitage e thereltage dredgulator d2 STHoggppTiEaAr r ent s
to and from.the_capacitar ® The range of the input voltage V$err] ,

wit B n whi cio frbey R-xpumheness AsSelid RwrmRnk ofi FHgune Yeduction in

t he vol t age I g r [ S T edNd, o el of the
t hr ough cur%ggftﬁs%ga%% Ii;egﬁr éﬂéﬁ?&éﬁzélrré& %g%%rm%oﬁbe%%réﬁél nce the
changi ng r ajpvepitean iauidedigned age H4wve rihe i charaittes $t1 66 COf dghee Wi th

the voltage V[err] on the line 1[err], the chargi ng and di schargi ng
currents whCHEvel dnothFd&ure & capacitor C0 are reduced. As a result, the

Lnverter of Figure 7q83s ddci1¥htor FUVEFLANE P eMerf0E8CE: reference
10' - frequency signal having a waveform similar to a sine wave. "
This reference frequenéy signal is supplied to an .
inverter & aéti-hg' as' a waveform shaping circuit which is .

receptive to the voltage Vop, on the line 13' as the
supply voltage. ' o
15 o As a result, the inverter 4 generates the reference

frequency signal, which has its waveform shaped as the
pulse signal, in accordance with the sinusoidal reference
frequency signal supplied by the oscillator 3. o
" The output signel of the inverter 4 is supplied
20 through a line 1; to the input terminal of a frequency .
divider 5. '
| As shown in PFigure 4, this frequency divider 5
comprises s;l.xteen flip~-flops FF1 to FF16 coﬁnected in
~ series and an inverter Iv7.' | .
25 Each of the flip-flops FF1 to FF16 is designed
so that the output signals at output terminals Q end @
‘are inverted in synchronism with the trailing edge of
the clock signal which is applied to the clock input
terminal ¢ thereof. . | '
30 As a result, in accordance with the reference



~17 1t should be noted that a curve A of Figure 8 illustrates the out put

vol tage characteristics against the input voltage of the inverter in the
case where the output voltage V[err] of the voltage regulator 2 is supplied
5 tothe line 1[err], whereas a solid curve A of Figure 9 illustrates
t he through current waveforns when the_jnverter is designed to have the
characteristics of the curve A of Fi@u?é 8. The oscillator 3 of Figure 1
generates a reference 10 . frequency signal having a waveformsimlar to
a sine wave. This reference frequency signal is supplied to an inverter 4
acting as a wapulsensigasl nof c32c768 KHzghwhichr iseptppiied theoughtthe VclL

on the line 1 t 3_supp voltage. 1 ) a result, the
i nverter 4 genif%f2£5tﬁﬁ°£e%€? Eeggﬁﬁuéncﬁ EF%ﬁﬁl?iﬁﬂPiﬁoﬁal f?gLW§3§form
Shaped as the I h4H0éd - at C | Enﬁﬂe [ 0j r e
frequency signEF ﬁ%%*led 5§tPﬁ@$d§%| a?ggbé. eogu?ggtfg?%ﬁgfégff?ﬁé
}nverter 4 isdanﬂgtrpwléﬂ siﬁralrmﬁugh192lxﬁz is ge?éhatédpat thegbutbubf a

requepcy. 5 djvider 5. sho in_Figure 4, thi equenc i vider 5
pongri eg'sixtt%FPfk?g-? cﬁﬂﬁF%ih??ﬁiég6&§%nnec£i§eW£sgerFeéuﬂﬂﬁ 5%5331
inverter |V7 25¢ 0,5 Hz 1s genéfdted® attné uthie Lfnes

¥
desi gned so that the output signals at outpu?ﬁF%rn1naF§£E§§n§EC)are
inverted in syfitipeflopn FF16 aticthe afinal) stigp.of the cl ock signal which is

FEoul - i accor dance W% PREPYE bplfg s1Enais at Hhe respective ° °
frequencies, which are output from the frequency divider 5,
| 10. | are supplied through a line 113 or 11# to a waveform
shaping circuit 6.

' This waveform shaping circuit 6 is provided to
generate a pulse'signal for driving a bipolar drive -
steppihg,motor M and conéists.of a suitable gate circuit,

T A5 although not shown, which is receptive to the voltage

' VCL on the line 13 as the supply voltage. . o
The waveform shaping circuit 6 supplies a pulse
signeal which has fts level raised substantially to the
voltage VhL and vhich is fed alternately every other

20 second to lines 115 and L,.. In order to reduce the
average of the drive aurrent to tlaw_into the bipolar
drive étepping motof M, the pulse signals of the lines
115 and 116 have their léygls raised to a high one during
their one period, e.g., for 15.6 ms.

25 | It should be noted that the signal level, which
is reduced substahtially tp earth'potential in a manner
to correspond to the fact that the supply voltage supplied
to the external'terminéllPH of the IC has a negative
polarity, is deemed to be high, and the signal level,.

30 = which is changed substantially to the supply voltage level



&

Gl 8- pul se signal of 32.768 KHz, which is supplied through the line 1 from
he inverter 4, a pulse signal of 16.384 KHz 5 is generated at the output.
termnal of the flip-flop FF1l, and a pul se signal of 8.192 KHz is generalgd -
at the output 5 termnal of the flip-flop FF2.. Likew se, a pul se’
signal of 0.5 Hz is generated at the output termnal of the flip-flop FF16 -
at the final step. The output pulse signals at the respective frequencies,
whi ch are.output fromthe frequency1& wi der 5, 10 are supplied through
aline 1[err] or 1[err] to a waveform shaping circuit 6. This waveform

shaping circupt, 6 is,proyi.ded. tqQ generate_a pulse signal for driving a |
bi pol ar dri v%ksmﬁpPﬁgcﬁgitorgM §ﬁgme§n%°s1b§ Wa suitable gate circuit, 15
-al t hough not shown, wipheheix CHA1¥E slignaic Ll:th@g ' ine 13
as the supply voltage. %hgh&g\‘/‘g‘. gfa?'nbéhggl ng cig\rfc)ul. g'a;atfgoqqme?lgi’g'&ée

si gnal whi chehoeuits6l tscbupplied thirsught sallewelo shiieftiolg adecity 7] and

which is f I \ ther 2 dtoli i d -
Terr) * I n ¥ EEPBETBEEER, FePtuieast ama 067G ve current (o 1low nto
the %i pol ar drive st eménguﬁ?ﬁg_rpm_bhgighhgﬁ w@ﬁf%%@ 1[err]

and 1[err] have their levels raised to a high one peri od,
e.g., for 13¥rouite8 and 9 are supplietothironghndhed extternalle si gnal

correspond. CETHBELE Pe B, RO 1A Bhe' 0BTy 2188, Mindlng % e Hheer nal
termnal Pl sfpéler |drive stéppehgvliotor M. | |
_ As a result that the output voltages of the output
10 buffer circuits 8 and 9 are 'reduc"ec_l from the high _ievel
to the low level for the period o:: '15'.6__ ms every other second,
the drive current having its péia‘rity’ inverted for one
second is supplied to the energizing winding L.  |
| As a 'res’ﬁl‘t; the 'r'e_to__r_ R of the s.teppiﬁg motor .u
15 M is rotated a predetermined rotational angle every second.
" The geai- trains of the watch (not shown ) are driven once
a second by the rotor R. B -
The bipolar drive stepping motor M usuelly_
requires such a drive current as is considerably _ia;rger
20 - than the Operating cufrent ‘of the respective | circuits.
' The output buffer circuits 8 and 9 are eo _
designed that they operate in a manner to use the battery
voltage supply Vgq as a direct supply. -
By means of the conmnections described above,
25 the load current of the voltage 're_gul'afor 2 can be
reduced, and the drive current of the stepping motor M
 1s not supplied from the voltaée regulator .'2 so that fhe
voltage V, on the j.iﬁe 1, can be sufficiently |
stabilized notwithstanding that the drive current is
0 ihtemittently generated. ' o



polarity, is deermed to be high, and the signal level, 30 which is @
changed substantially to the supply voltage |evel -19- of the circuit,

it deemed to be low. The output pulse signal of the waveform shaping

Giredit 6 is supplied through a level shifting circuit 7 to output buffer
circuits 8 and 9. 5 The out put pul se signals of the out put
“buffer circuits 8 and 9 are supplieddhpgyugh the external termnals P8 and
Plerr] to the energizing winding L of the bi pol ar .drive stepping motor M

As a result that the output voltages of the output 10 buffer -circuits
8 and 9 are reduced froMoredvergh the dupply voltage oflthHoroutputeri od of
15.6 ns every. %iugr second, the drive current having its polarity inverted
for one second f?@pﬁiiré%ut"@ &hendh & 45 ifnped rﬁfcﬂ‘b the fé'-‘%%ﬂ t he

;gi g.[l Engr EESF‘? every secong'ajg?h é\/l'}k?ral ns o ﬁﬁﬂ ov% are
~driven once a seguldtor e rotunns%qtilémt]ty,pcﬂmck'hVEhstmmglmmth
'he opBrating She: Taltaee | h&eézep vi‘z%el% £ Vgpdat Bihtourrer
f):a'[tcglr;svgl ?ggé%s?ptgl"?q [gr%r as a d| rect s%ly q@%m lﬁ.éﬁ@ the
connecti ons desan bed supplded®o the tstepping alo‘lmth (ﬁhn'dwgh/dtheige
ot SLp§| o itpe Bt MG AR HLo ot (e St ePPNg Toter M
' These output buffer circuits 8 and 9 consist of
10 a bomplementary type inverter as is shown in Figure 7.
| When the inverter of Figure 7 is operated by the battery
voltage ‘supply Vss, the input voltage Vi at the level of
the battery voltage supply V ss is required for rendering
- the n-channel type __MISFET 020
- 15 The pulse signal supplied from the waveform
shaping circuit 6 to the lines 1, and 1,¢, as described
above, is set to have its low level the same as that of
the _stabil.ized_, conétant voltage Vc]_. Accordingly, - the .
level shifting circuit 7 is designed so as to shift the
20  level of the low level output signal of the waveform
shap:!.ng circuit 6 to the low level signal at the voltage
1eve1 of the battery voltage supply Vss
o As shown in Figure 6, the level shifting
_ circuit 7 comprises: MISFETs 02 to 023 which are operated
25 by using t_he voltage Vss as the supply voltage; and
MISFETs 024 and Q.. which are operated by using the -

25
as the supply voltage so as to generate an

sufficiently non-conductive.

vblfage CL
:I.hirerted signal in response to the input voltage Vi
The 'eléctronic circuits also include a time

30 adjusting circuit 13, which is responsive to the signal



oltage V[err] on the line 13 can be sufficiently stabilized

not wi t hstandi ng that the drive current is 30 intermttently generated.
-20- Moreover, the supply voltage of the output buffer circuits 8 and 9 (g
freed fron1the i nfl uences due to the voltage drop which takes place in the
vol t age regul ator 2. Consequently, even at the state in which 5 t he
vol tage of the battery supply V[erB} =has been relatively reduced, a
sufficiently large drive current can be supplied to the stepping notor M

t hrough the output buffer circuits 8 and 9. These output buffer circuits 8

d9 ' e shpwn 'n
Epgurecgnsbagﬂﬂ%H% |nxerteregpgkegﬁgéﬁgxléﬁgggFg¥ﬁé& %e?ﬁihggt?goy voltage
‘supply V[ errérdertte: supplyvallagefgzirwightatbegﬁaletogfrbhf NISFET

| t e r ering the n-channe e
Efer??esﬁggn%géﬂéééék ﬁizﬁﬁgﬁé Pve %ﬁﬂFsE 3PQF§PSSG§FFP4G ﬂégﬁﬁthe
_ f h t 1 ag Clgly a e,
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vol t age ¥ era|predeétermined| timenhirrespectivet ofgther operation dfsmed SO
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cirouit 7 sompri ses TarScly Eemphutpeoty F‘T‘%ﬁﬂ’ﬁ Ene' BobRBhagfle’t ' "0
by using thatybl gﬁzbqﬁor]opesathegsthel;tepldagn cincdiﬂl$EEithaend
which are oq;rate rfﬁe&gin ghe above. In an alternative form,
10 the clock generator 11 can be modified so that it consists
'~ of: an oscillator which is made operative tc:generate
a reference clock by using the battery voltage supply ss
as a direct supply; and a logical circuit which is
receptive to the output of the oscillator.
15 . Ih"the example shown in Figure 1, the _
reference clock 11 is supplied from the frequency
divider 5. It is therefore unnecessery'to'provide'the
oscillator in the clock generator 11 and this prevents
both the undesired increase in the power consumption by
20 the circuit and in the number of the circuit elements
required in the semiconductor integrated circuit device.'
Moreover, the'clock'generetor'11 is designed
so that it receives the vcltage, ‘which is dropped by the
 voltage regulator, as the supply voltage in place of
25 the voltage of_the battery voltage source Vés |
Since the low level of the output clock signal
of the clock generator 11 is not surficient for switching
the MISFETs QH and Qz of the step down circuit 1, the
level shifting circuit 12 is provided.

30 . " The level . shifting circuit 12 is designed in



‘voltage V[err] as the supply voltage so as to generate an inverted signal (Ea'
In response to the input voltage V[err]. The electronic circuits al so
include a tinme 30 adjusting circuit 13, which is responsive to the
Slgﬁal -21- froma key switch SWthrough an external termnal P[err]

in order to supply a line 112 with a signal for resetting the frequency

di vi der 5. The tinme adjusting circukt 223-is designed to feed the line L
with a high level signal for 12 5 a predetermned tine irrespective of the
operation of the key switch SWwhen the battery voltage supply is

~ connect ed. Thestmblkrgmnnnaroto1thgelevaieshiﬂtingockrpultei asris to
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a reference clock Dy using the battery vo ge supp err] as a direct
supply; and a iogonoerctccneduoelthelpowereponsomptione output of the:

oscillator. _ a? e exa | e sho*g |n1FFgure 1 % ifgrence cl ock
11 is upp|led fromthe Beity H?Vyde g clopk gengha 8?0 finecessary
to provide theiQSC'dés’&@&edntéhEaGéOﬁﬁcﬂeaerélﬁtﬂélg”éohﬁléxpreve”t5 bot h

the undesired increase In the power consunption i the circuit and in
t he nunber of ¢omrstructioncas tconequerealahiva YSh&ghopdwerorasnisgrated
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supply vol tage in pl acecémsequently, the construction, in which the
10 supply voitage of the clock generator 11 is dropped by
the step down circuit 1 and the voltage regulator 2 as in
the above, can effect a lower power consumption than:
the construction, in which the level shifting circuit 12
is dispensed with by operating the clock generator 11

- ;/n5 . directly with the voltage from the source of battery
voltage Vgq. - ' '

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

20 _ supplying to the step down circuit 1.

' In order that the voltage necessary for the
operation of the oscillator may appear on the_line_.:_l.3
when the battery voltage supply Vss is connected, the

' necessary ‘voltage has to be supplied by the step down

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

The switching MISFETs QH Qz and 03 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

30 between their respective gates and earth, so that they are



t the vol tage of the battery vol tage source V[err]. Since the low |evel of
tTe out put -cl ock signal of the clock generator 11 is not sufficient for
switching the MSFETs Qerr] and Qerr] of-the step down circuit 1, theu
| evel shifting circuit 12 is provided. 30 : JThe level shifti.ng
circuit 12 is designed in -22- simlar manner to the' |l evel shifting
circuit 7 as is shown in Figure 6. The level shifting circuit 12 is
designed to have a relatively sinpliligg construction in order to reduce
the power consunption. 5 On the contrary, the clock
generator 11 is .is designed to have such a relatively conplex

X constructlcnrenﬂenedxnnndnnttweﬂlveLg &i paspbtpr thesinputphinenl, fodm t he

oo et gt vl iagh Femiiater 2 {Rosereiheq inithetRe ol taap ey by
the step dowpydverl tig SO0 dEL Vohé oL tﬁaugateehzngsm kPg @%Ot‘ﬁe an

effect a | ower pomer consunption than the constructi
shifting C|dxuﬁeﬁﬂbredchdnxnnnﬂLutitebbeﬁpneathegvbhtageotb benerator 11
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20 ' supplylng to the step down-citcuit 1. ‘I n order age
necessary fdmtnui(ﬁnpp&ieﬂtwﬁthhe suffithent opgrattngrvohtage.llne 13
when the battery vol tﬂ? ;&lgzp t/h tethe gggegtEd desfred level
| | may be supplied to the line 12 when the battery voltage
10 supply ’sg is connected. the switching MISFETs QH to Q3

of the step down circuit 1 are positively and simultaneously
rendered conductive.
As a result, a voltage substantially equal to
that of the battery voltage supply' 'sg is supplied from the g_;
15 step down circuit 1 so that a predetermined voltage is
| accordingly supplied from the voltage regulator 2.

o The start state, i.e., the state, at which the
switching MISFETs Q; to Oy are. simultaneously rendered
conductive, is continued for a period until the

20 oscillator 3 is rendered-surficieut oscillatory. 4s a
| result, the operatidn of the respective circuits of
Figure‘lare ensured. - -
In order to achieve the starting state, a latch circuit
is provided and designed to be set by the rise of the
25 ' '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 Oy are usly rende
conductive on the basis of the output signal of the

30 latch circuit. R

are simultaneocusly rendered



necessary voltage has to be supplied by the step down 25 circuit |
even if the oscillator 3 is left inoperative. The swtching MSFETs JQerr],
Qerr] and Jerr] have their gate potentials rai-sed to the high |evel
such as earth potential, at the instant when the battery i's connected by
capaci tors such as stray‘capacitances which are connected 30 bet ween
their respective gatés and earth, so tgﬁt they are -23- rendered
conducti ve. As a result, the input of 2 the voltage regulator 2

is supplied with the voltage. However, if at | east one of the switching

M SFETs (J err] -and q CfLV e.voltage to
be 5 supplied to h%ﬁ;énéﬁéjfﬁ%gog;? ‘?@gﬂ %é &Bgf%gég é? Bd | evel, a
si_gnal gener ateTetivelyi low ledl begé NEt oskonl @t be takent {6HOPELEHLALFELSOn

suf fici ent operatl ng voltage. In order that the voltage at a desired | evel

may be suppl ithet olt Heakes et relatively phengrtine| foycthe oscillabery3

doun birour 16 HE brodrbdied SN TBT Stebfa Dbt iafioty ol S, |
resulg, a voldfiger stihstvoltage Yswppby hﬁlst‘ﬂi@énoéoﬁﬂéc’ﬁedtﬁhd R4t atige suppl y
V[err] is supplied fromthe 15 step down circuit 1 so that a

_predet er ni ne(PRRiﬁ'@g}ln|ga%r%¢&¥§%&|%m%$mfh@?0$‘§%@t efgthetor 2.
o qerr] ar SEE1ITdting Wnerdtion de Hhde Aofatibely BPORIE By o' L oo
until the-20 fluctwmdﬂmtm the ssuppmrﬁmﬁagéim ent oscil I atory. As a
resul t, the operation of the respective circuits of
. In the case where the starting state is ended, the
10 output voltage of the step down circuit 1 starts to drop
from a voltage sub'stantially equal to the voltage of the
_battery supply Voo In fact, the voltage regulator 2
is not a fully stabilized circuit 80 that its output
_ _ voltage is effectéd by chaﬁges in the input voltage.
T ‘The output voltage of the voltage regulator 2 is éiigh:bly
reduced in accordance with the reduction in the output
voltage of the step down ciréuit 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 Q, to Q.
| .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 ampiitude of the oirbpu‘l; voltage of the step
down circuit 1 is acébr‘dingly increased, and the

operation of the oscillator 3 may be interrupted.
' The sequential switching operations of the
30 switching MISFETs Q1 to Q, of the step down circuit 1 -




QE}igure 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 25
supply voltage V[err] when the battery is connected, and to be reset by\gbe
rise of the output signal at a predeterm ned-output step of the frequency
divider 5, whereby the swtching MSFETs Qerr] to Qerr] are
si nul t aneousl y rendered conducti®2 ©n the basis of the out put si gnal of the
30 latch circuit. ~ -24- In the oscillator 3 which is operated by a

| at ly | | £ | d be, t ak { hat it tak
ol ot vol PGt eiEmted Y e 1hErEruntiGn B S Boerhrhon ob' oNoS
suf ficient| Yt:lfé &t&@im&-as%a eﬁatetﬁe voltagéteﬁ the Yohbaue £HPP!Y has

"been connected and that the operation of the oScillator 3 mdwdy of the

start of thefwrsiher areduceder atInnthe complementavyl YypesMESFEThgircuit
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the voIta e regulato IS not a fullx stabilized circuit so that

|tshout put 2fQ tmrle hhageender_e esuhatan%tlallgenonconductive _
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voltage of the step down circuit | as acconpany the start of the 2
. Swi tching of&GMIteon of the switching M SFETs Qerr] to err].

10 . When the voltage va is dropped, the n-channel
type MISFET Q b4 is not rendered conductive even if the
input voltage Vi is raised to the high level such as
zero volts or earth potentiala As alreault the MISFET th'-
is left non~-conductive, and the'MISFET_023 cannot be ‘
15 rendered conductive. ' | . : G
Consequently, in the circuit shown in Figure 1,
if the output voltage va of the voltage regulator 2 is
reduced to a lower level than the operating lower limit
_ voltage of the complementary 1nverter by a drop in
20 the voltage on the line 12, the ievel shifting circuit 12
ceases to generate the clock pulses at a level which can
~ simultaneously render the switching MISFETs 01 to Q3
conductive.
| As a result, in the case where only the latch. circuit
25 is provided for the purpose of the starting operation, in
order to re-start the oscillations Iron the state at
which the oscillations ceased, it beoomes necessary to
restore the starting latch circuit to its initial state
by a process of once'removing the battery voltage
'30 source and to release the latch operation with the -

MISFETs sz.and 020 of the level shifting oircuit 12.



‘As a result, the operatton of the oscillator 3 nay becone unstabl é

I mredi ately after the starting state has ended. If the period of the

cl ock pul se applied to the step down circuit | is changed in 25

‘aceef dance with the unstabl eness in the oscillations, the. changing
anplitude of the output voltage of the step down circuit | is accordingly
I ncreased, and the operation of the ostid® ator 3 may be interrupted. The
sequential switching operations of the 30 switching MSFETs JQerr] to

Qerr] of the step downI¢ Heigodsible Xo preveént cthe/pioXtdpe tV1g from
Interruption of the operation of the oscillatqor 3 so that the t age on

the line 1 isPeing reduced)te-the undesizedAnvek hyarkhe \prow s of

Uit fituti N i .
cPEULT STt LR oAt el o S Sl b e
Qerr] and Q deeh conneetend sWst@resily, nthe opbidtion F tdise reduction

in the voltage V[err] whilst the MSFET is conddctive, the follow ng
undesi Ped ci r c @SC: hag) ceased to operaje faqmdhe) neggson

S
Vlerr] is dr op%&e%%%oqfec’c?_gﬁe&mé\é.%ﬁ i's not rendered conductive

even if the in age I's raised to the high level. such as zero

volts or earth potentialThe okecidletdidr déteddédiHD Wonprdisesd efinverters
non- conductive,_.and the M SFET.Q cannot be 23 15 render_ed

conduct i ve. m@f?q&enmvs. whicke ane @peratrsvby ithe FHRPLY voltage Haput
voltage Vierr] af £hiae 14@lef 9.9365 e AlAudAve OR circuit EOR; resistors R,

10 am.i R5: and capacitors. 012 and C1 3

The oscillation detector 10 is supplied with a
predetermined output of the frequency divider 5; e.g., the
inverted output Q of the flip-flop circuit FFg of
Figure_h. I ' o
15 ‘ | The operation of the oscillation detector 10 will
now be described with reference to the waveforms shown
in Figure 3. ‘

At a time t ., the battery voitage sﬁpply vSS

o,

is connected. Since the exclusive OR circuit EOR has its two

20  input terminal receiving the signals at such a high level
' as is substantially equal to earth potential, it gederates
. a signal at a low level substantially equal to the supply
voltage va’ as indicated by a waveform C in Figure 3.
The MISFET Q. is rendered non-conductive by the low
25 level output signal of the exclusive OR circuit EOR.
The signal at the input terminal of the inverter IVg
acting as a waveform shaping circuit has its level
- raised to a high level by the capacitor Cy3 which is
substantially equal to earth potential, as indicated

30 by a waveform E in Figure 3. ' The output signsl of the
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to a lower |evel than the operating | ower limt. vol.tage of .the . ..
ntary inverter by a drop in 20 . the voltage on the |ine 1[errL
| shifting circuit- 12 ceases to generate the clock pul ses at a '
ich can simultaneously render the swtching M SFETs JQerr] to
onductive. As aresult, in the case where only*the latch circuit 25
ded for the purpose of the sta?ﬁ ng operation, in order to re-start
|lations fromthe state at fhe oscillations ceased,it becones
y to restore the starting latch circuit to its initial state by a

h onaverteE ING, tp Sorr eppbhaREaT Faited to Y B e © 2o
Ci agUihdidated byoa hhvb%bﬁﬂﬁ%‘Rh@t&@%p@PVe“t the voltage V{err]
ng reduced to the undesired level e provision of an

ion detector 1 a&berdhheevwh&wehchnlh&iziwrsW ed. Asa
the operation of the 5 - oscillator 3, mhlch has ceased to

f or characteristicscofathecquartzecrysttal uhiit |wheﬂldeteCt0r'

ises: inverters V2 to IV6, which are operated he supply
V[ erepvenpnefrequenpyr s]lgnai etarts te de muppliiedc@®om dhest or s
. and capacitors and C The oscillation detector

ppl PEB”VF-FF%? Br 88ctctimrcd, suasudngiceted: by gewayeformid im
e |B¥ertgd output [err] of- the flip- flop circuit ‘FF of 5 Figure 4.

As a result that the amplitude of the output
reference rrequency signal of the oscillator 3 is made
surficiently.large at a time t,, the frequency divider 5
starts to respond to the reference pulse signal which is

- supplied through the waveform shaping circuit 6. o _

As a result that a predetermined number of L

'rererence pulse signals are epplied after the time tz, o |
a signel, vwhich is made to have the low level at a time

3, as indicated by a waveform B in Fig. 3, is supplied

from the trequency divider 5 to a line 19.

The exclusive OR circuit EOR is supplied with an
input signal which becomes incoincident for such a delay
period as is determined by a delay circuit iheluding'the
inverters IV, and 1V, the resistor R, snd the cspacitor
612. _As a result, the exclusive OR circuit EOR generates
a signal which has the.high 1eve1_fof a jeriod |
corresponding to the delay time period. :

| 'ﬁy means of the high 1eve1 eignal of the
exclusiﬁe OR circuit EOR, a MISFET 017 is rendered

-



15 The operation of the oscillation detector 10 will now be

described with reference to the wayeforps shown in Figure 3. At a tine
t[err], the battery voltage supply V[err] is connected. Since the
éxcrudive OR circuit EOR has its two 20 i nput term nal receiving the

signals at such a high {evel as S substantiaaly equal to earth potential,
vol fage V[ orr]coRdiatide, 8a Hhay tBecPUPRHE Prene St SRR,
el us ve R obp RRGUChR BaRY HE ABY. Tover., ARVE, cBHREE BhET. Pierter
e " TR SERIRGS AL MI oLe th i 8

| evel by the c stanti a to ea po ent|al,
as indicated 3ghe invéptér evpf “tﬁeg}ﬂ[SFQT Q %be oniguMISERPal Of
t he -27- inverter IV[err] Ts correspondlngly rai 3€d to t he hi gh | evel as

i ndi categ by ao¥2vr§oreh&eradFhan-aonaﬁceiverdanﬁeeurahnbbewathithation
starting charactéristics of - the quartz crystal unit Xerr], the reference

frequency signfiacttthat thebeutputlstgnhloottﬁheSexclusdwblGﬂocircadta tine

t[err], as indicated by a waveform A in Fig. 3. As a result that the

anplltude of tEQRo&spnndeetereqatoreethenlprlgnel.ofAshe vesullityt dhe3 is

made sufficiently large at a tine t[ erran t he frequency divider 5 10
starts to resptfW levehesignalcigchpldsdnsthracapAcdtorsCqmepl i ed t hrough

the vaveform sppRewfsé, Sich $ime the signal level to be supplied from
10 the frequenoy divider 5 te a line l9 at and after a time
th' the capacitor 013 is supplied with the low level
signal. As a result, a signal is generated on a line
l21 vwhich is shown by a waveform E in Fig. 3.
In a manner to correspond to the low level
15 signal on the line 121, a low level signal as indicated
by a wavefornm F in Fig. 3 is supplied by the inverter IVB
to a line 122.
‘ ‘The low level signal supplied by the inverter
IVé is the oscillatery eperation detecting signal eof the
20 oscillator 3. |
| In order that the oscillatory operation detecting
.signnl nay be changed from the low to high level before
the output voltage va of the voltage regulater 2 has
=dropped to the eperating lower limit voltage eof the _
25 circuit, such as the clook generator 11 or the level
. shifting circuit 12, as a result of the oscillatien_
1nterruption of the osoillator 3, the resistor R5 is _
connected in parallel with the capaciter 013._

@



a result that a predeterm ned nunber of reference pul se signals are
applied after the time a signal, which is made to have the |low level at a_
time 15 t3, as indicated by a wavef orm B | n Fig. 3, is supplied fromthe_
frequency divider 5to a line 19. The exclusive OR circuit EOR is suppli

with an input signal which beconmes incoiyacident for such a delay period as
~is determined by a delay circuit i ncl udi gthe 20 I nverters IV[err] and

| V[err], the resistoj e t Iu5|ve'

OR circuit EOR genera eRé ggg}ﬁﬂél i?p%alﬁ EQCQ atﬁ.ﬁ&}%&eﬁ“ﬂ or a per od :

COVrespe”dééﬂliﬂt&PGBdfkaintbﬁ?uﬁ%buoﬂs Eh ERaNgadle &Eﬁdﬂﬂﬂtél el signa

of the 25 exclusive ORcircuit " EOR, a MSFET (Jerr] . I's rendered ,

"-28 - conglfiter eheostiptiheseutauhasi ended)l thiae stepedown lireurlt i s made
to have the low level. As a result, the capacitor Cl3 is supplied with the

| ow | evel 1sigmhdeftohmt¢latllealllﬂ cesitorer ¢theh sttarting-staflearr]. This
M SFET 5 Jerr] is rendered non-conductive in accordance with the fact
that5t he output si gnEheofretiueneyl dimiderRScianduitheccReick gemeradorest or e
the low level. As a result, the lLowlevel signal is held in the capacitor

C13. Likeld sarecshownin detail im Fﬂ-‘vef’*-to be suppl i ed from 10 the
qorry i s SLE'p?.eredSVﬁﬁ “ehaSf kERerhod, g1 boabrg ash, Jafen Sariisn e
Tanner oAb, %&uWé%ﬁt%v@’ﬁ‘i&* 7‘?9’3%%@"&? 5@% Her] %2 tow
level si gﬁﬂ:haét €06 CThEtn eircuits LAI to LA, censists of twe NOR
10 circiits. The latch circuits LA; end LA,, the NAND
eircuit ND, and the inverter 1Vg together constitute a
start centrel ecircuit. o .
By means of the latch eircuit LA;, the high
level signal on ‘the line 19 is deemed as a set signal, W
15 and the high level signal on a line 110 is deened as a
'reset signal, Likewise, by means of the 1atch circuit
LA,, the high level signal on a line 123 is deemed as a _
gset signal, and the high level signal en the line Zl.22 is
deemed as a reset signal _
20 When the battery veltage supply Vss 13 connected,
the respective flip-ﬂ.eps FFl to FFl6 censtituting the
frequency divider 5 are respectively reset by the high
level e:lgnal whicl; is supplied through the line 1 12 from
the time adjusting circuit 13, |
25 . The latch eifeuit LA, is set by the high level
signal, as indicated by a waveform B in Fig. 3, which is
'sﬁpplied_.throuzh the line 1y from the _ﬂip-ﬂ@ FF 5
The latch circuit LA, is reset by the high level
signal, as indicated by a wavefors F in Fig. 3, which is



by a waveformF in Fig. 3 is supplied by the inverter IV[err] to a line jéb
122.. The |l ow |l evel signal supplied by.,the inverter IV[err] is the
OSC|IIatory operation detecting si-gnal of the 20 oscillator 3. In order -
‘tdgt’ the oscillatory operation detecting signal may be changed fromthe | ow
to high | evel before the output voltage V[err] of the voltage regulator 2
has dropped to the operating Iomer limt=vd*age of the 25 circuit, such
as the clock r,11 or_th vel sghifting circuit as a.result of
Che osciilat i SHPPALER: SHFODENthend iBec dnn 50 hshespéiigsapnagetgctor

i f

Che osci ! ati g iLéﬁéeWBE“ﬁ%hﬁﬁiékﬁé% SGiky ta éPPBH-SG {55 the case
moe to aul ontBtel PYrPhlE HEg R°Rradh3 doueones nd' 89T beqphe” !¢

frequency. divider 5 and the clock generator 11 are shown in detail in Fig.
4; The clock %dmer&per as1indipatedsbyancwayveform B dn Eigy Do LA[err], NAND
circuits ND ERR] to E and ap. inverter IVERR]. Bach of the | at ch
Gireuits LA[ERR] to D% gﬁp §6S§P}t9nthﬁw§1RGRl has; the: dow Fawelat ch

ts LA ERR d E it . N th t
PV ERR] "t oget A8 TEBRERRE,E 1he Epeiﬁn&'ftéﬁ“ws%nsw B8s of the | atch
Lt O L o] BhoaRErbANAbELEk ol 46 et G abie" 1l BT bk cHERHCHAT" 2
reset signal. _Likew se, b neans of the latch circuit -
the waveform F in Fig, 5, the latch circuit LAZ is
released from its reset state. As a result, the set

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

10

and the signal'on the line 124 is held at the lew level,

as indicated by the waveferm H in Fig. 3.
NUE At a time tg one second after the frequency divider
15 5 has started its frequency dividing operation, the non-
inverting output of the flip-flop FTWG is changed fron
the low level to the high level, as indicated by the
waveform C in Fig. 3. The latch circuit LAl is
_ correspondingly reset.

. A NAND circuit ND, has its twe input terminals
receiving such signals as are simultaneously made to have
the high level only for the delay period of a NOR circuit
NR2 of the latch circuit LAl. '

The result is that the high level signal indicated

25 by a waveform G in Fig. 3 is supplied to the line 123
through an ihverter IVé frod the dﬁtput oi an NAND circuit
Nle'

The latch circuit LA, is set by the high level



@2 the high level signal on a line 123 is deened as a set signal, and the

gh level signal en the line 122 is deened as a reset signal. 20 —
When t he battery voltage supply V[err] is connected, the respective \74 ~
flip-flops FF1 to FF16 constituting t he frequency d| vider 5 are
respectively reset by the high | evel sixgnal which is supplied through the -
1Tine 112 fromthe tinme adjusting circuit 13. 25 - The latch

circuit LAsdghhli ans¢hedylinee %m‘ chalt thnAighdevel aigneyas wavef orm
Bin Fig. 3, which is supplied rough the line 1[err] fromthe fI|p flop
FF . The | dindicaited.ibty e walveforme detitoFighe il sunpiied dyth

I ndi cated by a waveform.F.in Fig. 3, which is -30- supplied through t he
line 122 fﬂdnetﬂ.% scil.lation detector 10. As a result, the signal, which

is supplied fromt e'Iatch' c:"'i"'(rgc;uit Léato | i e#gr], h énh | ow | evel
at the tine t[err] Tae ilaN %1336% eeq/\h‘enthe
si.gnal. on the |i 2 ha t.he onse to the oscillation

det ec® on B #hé q’t?é%ﬁ éx%c&eﬁﬁ%; a#éﬁif‘u me t3 as indicated at

the waveformF in- %lhag K o NANPM i ts reset
state. As a result ec:is?e%w m%i“ls nc?3supp ed to the l'ine 12 at the
time t[e”]eiﬁgrﬁ]h‘ifé“in%)%'uﬁ tﬂkﬂsﬂééﬁsﬂa"ﬂ %Mﬂtﬁeéﬁ@l&%ﬁvel as

i ndi cated by the waveidrm H | 3. At atine .one second after the

frequency ‘dne $aghl Aevels iiﬁ%@do&rdatbetﬁﬁumwaﬁtwlmweratlon t he

non- inverting output of the flip- rop 'FF16 is changed from :
indicating signal. .

3

10 ° .The cleck pulses d.,' to d3' are supplied through

the level shifting circuit 12 to the switching MISFET:
Qq to Q, of the step down circuit 1. '
When steady operation is indicated by the fact |
that the signaiipn the iine.;zk has the high level?'the ' o
15 clock pﬁlses_{1'_to d3' are.changed in the following '
‘manner. - . -

The output signals at the nonéinverfing output
‘terminals of the flip-fleps FF3 to FF5 of the frequency
divider 5 are.illuStrated by waveforms A to C in Fig.5.

) 20 " The NAND circuit ND5 generates by means of the
eonnections¥ghown.in_Fig. 4, the clock signal in phase
with the output signal of the flip-flep FF5, as indicated
by a'wavetorn G in Fig. 5. .

25 A latch circuit LAs_generates such a signal as 1is

| | 1ndica£éd by g.wgééformﬁn in Fig. 5 in response to both
the nenpinverfing output signgl of the flip-flop FF3 and
the iﬁiefted eutﬁut signal of the f1ip-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



"thb low level to the high level, as indicated by the waveform C in Fig. 3.é§9_
"The latch circuit LA[err] is correspondlngly reset. 20 A NAND
ci.rcuit ND[err] has its two input terminals rece|V|ng such signals as are -
“gipdl taneously nade to haye the high Ievel only for ‘the delay period of a
NOR circuit NR2 of the latch circuit LA[erré The result is that the high

| evel signal indicated 25 by a waveform % n Fig. 3 is supplied to the

I 123 t e ' of ol f NA ' it

N orr]. TR “%%*ﬁ& P%é'ﬁ‘i%%ﬂ‘%?{tr saanaTe, ¢% Reh b3 ohRcbe

on the Ilngx at the high level signal as indicated by the waveform
Hin Fig S supp ed to the line 1[err]. The low |l evel signal on the

line 1ferr] is deerred 5 A FAND UL ND A4S Is&gg[aabunmw%ﬁb F@ﬁu‘k' ock
pul ses [err] to [err] output-from NAND ciPclits err err

respect i velsy gnall 8ulbbifarthel dlagt cha \¢d richd th mlg lade lthien NANDO edpaag tWND ,t he
starting state indicating signal. 10 The cl ock pul ses [ rr] to
[err] %ur eandphhiec WAND @ig‘lcuirbeND%vd.ls supplied eithutheldutputhsignelching
M SFETs Qto Cn of the step down Circuit 1. When steady operation is

" i ndi cat ed si NAND cAmcuide NDgsel that: ssichi meclpckhsignnd Wpdhasevel
the cl ock [err] %W_[err] are changed.in the follomﬁn%rnanner The

output sig &I Q@cﬁﬁﬁdn anvevelogmo bk 4oy Fig. 5 is output om the
NAND circuit NDg.

| Likewise, a latch circuit LAA generetes a
10 signal as is indicated by a waveform E in Fig. 5 upon
reception a: the non-inverting output signels of the £flip-
flop circuits FFB'ahd FF5. | .
- The NAND circuit ND7 generates a clock signal
53' as is indicated by a waveform I in Fig. 5 in response
15 to the eutput signals or the latch circuit LA, and the NAND
circuit ND,. | | |
| " By means of_the cleck,signal ¢,' of Fig. 5,
the switching MISFET O, ef the step down circuit 1 of Pig. 1
is rendered conductive during the period of t10 to.t13 of

e

- 20 one period t1° to t16 of the clock signal.
S ~ The switching MISFET Q, is rendered conductive
~ from the time after the time period Z1 has elapsed from the
time t1d and is reﬁdered non-conductive at the time t12
which is earlier by the time period Zé then the tine ty3e
25 The switching MISFET Q, is rendered conductive
for the time period from the time ‘ty3 to the time t16;_
The switching MISFET QZ is rendered conductive
from the time after the time period 23 has elapsed from the
time t13 and is rendered non-conductive at the time t15



i@?#%1nals of the flip-flops FF3 to FF5 of the frequency divider 5 are ...

I'Tlustrated by waveforns Ato Cin Fig.5 20 - The NAND circuit ND5 R
generates by means of the connections shown in Fig. 4, the clock signal i.n _°,
phase with the output signal of the flip-flop FF5, as indicated by a \\si '
waveform Gin Fig. 5. 25 A latch circuit LA3 generates such a '

stignal as is indicated by a mavefoLnPQ Lh Fig. 5 in response to both the
non-inverting output signal of the flip-flop FF3 and the inverted: output
signal of the flip-flop_ ¢ircuit FF5. A NAND,circuit ND2 generates such a
signal as iéh%ﬁh f%d?ﬁgliﬁrbpytFB°ME§EFOPEF#°#nZEi5h39 n¥iB€ept i on of
-32- the nop-inverting output signals of the flip-flop circuits FF3 and
FF4. A NAND*t6tcuit NDerr] is supplied with the output signals of the

| atch circuit- LAegy . 1he ' ' ahd.ihe circuit ND6
is supplied with é%%9€§€%é?§§P§ﬁ Iﬁgﬁgggéeﬁzﬁbsgi? UFFQNBPQBBF so that such
a clock sit r b Sed B d e ' | I S out put
fromthe hﬁﬂﬁ}%ﬁ?%d+fa?£%.st?ﬁe&?&é,c?*f%%?ﬁ‘c%?éﬂ??fP%fS%%régénerates a 10
signag as is indiggtegd Geld WABGHOLA Enenarity thelkapacitaniceodsoa the
non-inverting output signals of the flip- flop circuits FF3 and FF5. The :

"~ NAND ci r cuibat€dryrisotetersitned diyothespgoducas oifs thedddscharging wavef or m
| in Fig. 5 in response. 15 to the output signals of the latch circuit

LAl err] andecureent\N(oxrieutputNearreéntdant thet battieryk andgthe time] of Fig.

5, . : _ _
period, Eor the identical capacitance, a battery having

allgrger eléctrombtive-force will have a larger storage
10 energy. The electronqtive force of_the silver oxide
- battery is about 1.5 V, whereas the lithiuﬁ battery

-has an elecfrompti&e force of about 3 V. Therefore, the

1ithium battery has a storage energy per unit volume v

about fwicé.gs'igféé'as that of the silver oxide battery.
15 | ln.the_caSe of the alternative form, where the step .
down circuit 1 is omitted, the voltgge_regulator 2 is
directly supplied ﬁifh the voltage'of.the hattery.power_
Suppiy vss..:ln this Casg,.by.tpe ﬁse of the voltage
fegulator 2, such currents based upon both the through
20 current and the 6harging and disqharging currents to and
from the capaeitofs és.are to be consumed by the respgctivé
cifcuits fbnfecéi#g the_butput voltage of the voltage
regulatdf 2 één be reduced. .However, a current
substantially eqﬁﬁliﬁo'that which flows through the
25 voltagé regﬁiator é_ﬁill floﬁ tnrough the battery so that
the _chai-ac%qe;-istics of the lithium battery having a high
storage éngrgy-céhhof;bg éufficiently utilized.
By meéhs'of!fﬁé stép down circuit 1 and the voltage
regulator 2, thepéurfént to be supplied from the iithiun



"the switching MSFET Jerr] of the step down circuit | of Fig. | is
rendered conductive during the period,of t10 to t[err] of 20 one period t10
to t16 of the clock signal. The switching MSFET Jerr] is rendered
‘cppductive fromthe tinme after the tine period Z[err] has el apsed fromthe

tinme t[err] and is rendered non-conducliyge.at the time t which is earlier

&

by the tinme period Z2 than the tinme t[err]. 25 The swit chi ng

M SFET
to the ti
tinme after
rendered n

out put vl (kAL by T3 | Merido it e Vol gl ol A7 el fe R " ¢

is well

knotie ivdlitiged rlegulliftoda 22 dan We® rifdicd® o one haldt @fMived by the

product of the discharging current (or output current)

the tibe. Mattety Moltage iv\%gxt | A o BRI Cthe Doweirt Qosshat her | arger
a

el ectronotive force will h
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a |larger storage 10 energy. The

of the battery and

el ect r onot iwed tege regulaitorsi2 \can be deducddy v Ors thieothers héndjher eas t he

lithiumbattery has an el ectronotive force of about 3 V. Therefore,
| i t hi um batthe respe

as that of _the silver g)gt%g battery. 15 In the case of the

al t er nat i va-ov ML tRge

el At 2 S e R WIS AR 0 PO

10

15

20

25

'pbwer cpn'_sumptions of the respective ‘electronic circuits

can be reduced. _

By using a lithium battery, it is possible to provide
an electroniq watch ‘having a low pdwer consumption and
thus_ihcrease_ the life of the battery more'than that in
cases vhere a silver oxide battery is us_ed as the battery.

Mofeofér, since the predetermined switching MISFETs

" of thé step down circuit 1 are simultaneocusly rendered

conductive at the starting state, specisl switching MISFETs
are uhnecessar_y. | - : | |

Mthérinore_, the step down circuit 1 contains no circuit
élements which have a relatively 1§rge. size and complex
construction _é.g, , an inductor, Therefore, the step down
circuit 1 is su_itabie in such a device, é.g., an electronic
wrist watch which is r_equired__ to be of small size.

A second example is shown in Fig. 10. A capacitor -

C3 haﬁng_ a re;l,atively_ large capacitance is connected to

~ the output terminal of the voltage regulator 2 through an

external ter'mina_ll Psqe The o_ther'.circuits which are shown
in Fig. 10 have the same construction as those of the

t he
gicrcultia ang wperated underc as | arge

& Vdeindty af the operating dowen ddmid t age



B3 In this case,by the use of the voltage regulator 2, such
urrents based upon both the through 20 current and the charglng and

di scharging currents to and fromthe capaC|tors as are to be consuned by\\~

the respective circuits to receive the output voltage of the voltage

regul ator 2 can be reduced. However, a current substantially equal to that

whi ch flows through the 25 voltage L egpllator 2 will flow through the
battery so that the characteristics of the lithiumbattery having a high
storage enkigsgt cexamoplbeshowhi therigy Utilized. By nmeans of the step down
circuit I and the voltage regulator 2, the current to be supplied fromthe
lithium bat t &he mpdnai.taidtlrbed.s cpztdﬂdéd thye the reollovimg fl ows from

the voltage regulator 2 to the“electronic circuit .is indicated by

Mor eover, negsonslet age to be applied to the voltage regulator 2 can be
reduced to one half of the 5. battery voltage V[err] As a result, the

pﬁwer. | oss at tHT!! é@;wll%ﬁ% gton shawn ae’éhc?ﬂ dpt?he(jfmr%nd )

: t

e EhC s el TR a et iu‘fs%as{emﬁ%fl;a;e uqhﬁﬁmvt SURAGER, o
|

ol Lo e et 3% Pﬁ%ﬁ%ﬁ?@f%%ﬁ%{ o eﬁé 73 A

provide a C
i ncrease the ”’;ﬁeﬁgts&ﬁ‘%ﬁ at.l.{ye“r'&{/{I rer%ér?t at ?{QB%&;%%@Q%&$G a silver
oxi de bat o Ythies 1ev@d %ﬂfﬁd@@ﬁdﬁi%@% txfé term ned

'-smﬁtchlng M SFETs of the step down circult are sim taneou y rendered
conduct i vempl iifiiers 20: Hoth Sioﬁstiﬁimgﬂtlfd\ﬂ\iﬂ’ﬁdgh VYegiillgtor 2 are
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 capacitances.exist.st or are ccupled to the
respective circuit modes.

- 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 freguency divider 5, the waveform shaping
circuit 6. That current to be consumed by the circuits 5
and 6 is:relatively quickly changed in a periodical manner
in accordance with the operating states of the circuits 5
and 6.

As has been described above, the voltage regulatcr
2 has a relatively low operating rate and a”rclstiuely
high output impedance so that the voltage on the line 15
is relatively quickly changed in accordance with the |
operating states of the circuits 5 and 6. The fluctuations

in the vcltage'cn-the-line 13 cause an undesired

' interference amongst the respective circuits which are.



@

“are unnecessary. 20 Furthernore, the step down circuit | contains no
circuit elenents which have a relatively |arge size and conpl ex :
Qonstructlon e.g., an inductor. Therefore, the step down circuit | is

“guitable in such a device, e.g., an electronic wist watch which is
reqU|red to be of small size. 25 econd exanple is shown in Fig. 10.
A capacitor C3 having a relatively Iaré% capaC|tance I's connected to the

output term nal_of the voltage regulator 2 through an external term na
P11. The #HRled rfithe dhine dge shown in Fig. 10 have the sane
construction as t e of the -35- first exanple shomn in Fig. 1. The

cgpaf:i :or derr] i Mll‘iﬁiﬁo th%’hé: d‘}q (RMSF‘H&ETCF g ‘Wﬂ?@l c\Po:"tfage II
regul at or g e r as g re vely sma
tcErretnth fl oﬁ?% t#rbmaf Mfgqfﬂh&% red q/e?%/ t 1'&'ﬁ"pedgnce S
e ot her respective nodes o e
| evel shi ft| ng CI rCU|s"'|tzi¥j§J cﬁﬁ%e %?f eré’%de%é%1 | f i er 20 both
constitsiting the volgagy At rat es
partly ybecause th£e Cl rcu??ghggeand% are oper ate%r by h\ﬁsﬁﬁwcurrents,
respectivel gxampllepar tthe RAEHISNN £ed Powedr EUiprIdF 't Boud Een 'z‘édu

capacitances exi st at or are coupled to the respectlve circult es

‘the other hehnel outpurimpedantce withtutadricretaiiaighiting éxtermalt hrough
current and by the chargi ng and di schargi ng currents to and fromthe
capaci tancétﬁrrmltﬂwmdglthm@a’panjlm:w off vihierlG,, tIre thebeefthdnd shapi ng
example, . the construction of the circuits other than
+ 10 the step down circuit 1 and the voltage regulator 2 is
identical to the two previous examples shown in Figs. 1
and 10. Accordingly, an explanation of the circuits other
than the circuits 1 and 2 will be omitted. _ |
- In the third example, the step down circuit 1
15 and the voltage regulator 2 are integrated, as will be
apparent from'the following description. Specifically,

the capacitor CB, which cerresponds to the capacitor C2

connected to earth is connected with the output terminal

of the control MISFET 014. which forms part of the vbltagé '
20 regulator 2, through the external terminal P,,. in other
words, the circuit of this third example is equivalent |
to that which could be constriucted by eliminating the

capacito?_cz-and the terninal Pj from the circuit of the
second example shown in Fig. 10.
25 The operatiohs of the circuit according to the third
example Wwill now be described in detail with réference
to the circuit diagrems shown in Figs. 12A and 12B which

‘illustrate the operating principles thereof.
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wahrcuit 6. That current to be consuned by the circuits 5 and 6 is

l'atively quickly changed in a periodical manner in accordance with the. . —
operating states of the circuits 5 and 6. As has been described above, tke '
voltage regulator 2 has a relatively |ow operating.rate and a relatively
hi gh output inpedance so that the voltage on the line I[err] is relatively
qui ckly changed in accordance with the-oBf ating states of the circuits 5
and 6. The fluctuations in the voltage on the line 13 cause an undesired
i nterference anbigst 124 1ldatrates dlhe:m‘h‘.a;terwm which the6- coupled to.
the line 13. If the capacitor C3 is provided, the inpedance of the |ine

1[err] caMLSFETsf Qﬂcﬁgﬁt ene, nendered nonductivesi The iswididhesnce can
be preven third exanpl e is shown in Fig. 11, 1In this

exanpl e Sﬁhe'a?flaﬁ'@ 228 sonecadtp thedn £ and s rentagks out put

the I C. . FREPRESLVRIFS" ol caPaciioi die A (Gpfrs GORRRGYAR M of her
the. o L?E&?%%E@!ﬁ‘#ﬁ?@%h%&#?ﬁ%?@% éfe%%%%l Fean o
g)r;p![ ?ggt ! l%%a?ﬁedt E? ?exg#pﬁgw%h}e élﬁ,(}%f Cl ¥ tsl 'gnfl a\r,1wdI ![ hgevol t age
Goscr it {Sﬁéﬁéﬁé‘%?????*??ﬁ'ﬁ?fa%&?ﬁp%w I X S
capaci tor sﬁasmmany honegohnductive e e \thithuth oo wHa!t term nal
differential amplifier 20 when the charging irolt_age- of the
10 capaci'tor ('.'5 reaches the reference voltage. As a result,
the capacitors c1 and ¢3 are charged with substénftieliy
equal charges, ' '
 On the other hand, Fig. 12B illustrates the sfa'te."
at which the MISFETs Q, and Q, are rendered conductive. N~
15 The switches 'SW,' and ‘SW, are connected to their F and G |
contacts, respectively, so that the capacitor c1 is |
disconnected from the battery voltage supply VSS‘ At this
particular state, the capacitors C, and C, are connected in

an _i&entical polarity substantially in parallel with each

- 20 other through the MISFET Q.‘ 4. In this parallel connection,

the capacitor c1 is connected in parallel with the capacitor
Cx ‘through the MISFET Q,, so that the charging voltage of
the capacitor ,03 is maintained at a constant voltage
irrespective of the current consumption of the electronic -
25 circuit. - .
Since the capac:ltor 03 is connected to the output
terminal of the voltage regulator 2, the output impedance
| of the power supply circuit can be sufficiently reduced,
and the ‘fluctuations in the constant output voltage can be



“of the control M SFET Qerr], which forns part of the voltage 20 regul ator
2, through the external termnal P11. in other words, the circuit of this
third exanple is equivalent to that WhICh coul d be constructed by

e{,rri nating the capacitor ,C(ferr] and the terminal Plerr] fromthe circuit

of the second exanpl e »shown in Fi g. 10. 25 The operations of the
circuit according to the third exanple wWiTl now be described in detail
wi th referenpediced to CarTowt16VED ! S1B1 TP o | théi 8Ercuft 8p0tHeB which
il lustrate the operating principles thereof. - -37 - Fig. 12A illustrates

~the state, ate e t heshdwkEls gy r10. arMordover, agtneenemlypdtigenduct i ve.
The switches SWerr] and SWerr] are connected to their E and H contacts,
respect i vel ytwadhexternal:capacitors are spffi¢ient fenntheclCj rtheries
through the control MSFET (JQerr] so that they are charged by the battery
vol t age suppfirenit of the third eyangile perany arsefike esmecidly SFET

Gi 11 et et i ol LArHhe 15886 RGFRrAT HiS HRRLISG 4010 o 5:2&"&%&2:2%;2‘&4”
Gorr] are. CROVHEERETRAEE € g i€ fitcribe oloommonts PREsk: °r€c#%n3”d
rendered conduct | ve. 18 A %a%fm‘%e%rfﬁ %Fgﬁﬁf %%ﬁ%%%f{ Lito
grgegnﬁeg{]gdﬁfﬁ?ﬁfe%]éé%%% age supp?%\fféeﬁaf At t'ln S pgértlcljl ar
| state, the cméprsaﬁﬁfan@@(tﬁ@rtﬂe aé@%mt@g I n an identical
polarity substantially in parallel with eac
10 The timing pulses ¢1 to ¢3 have the high level
similar te the circuits shown in Figs_. 1 and 10 by the
high level of the oscillatory detecting signal, which is
| supplied at the start to the line 1,5, S0 that the
L MISFETs Q;, Q, and Q; are simultaneously 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 1s applied directly
to the 'volfage regulator' 2 so that the capacitor Cy is
charged at a predetermined constant voltage. At this |
20 time, the capacitor C.I is not charged because the M1SFET
C!2 is rendered non-conductive, as has been described
| above., As a result of the :t‘act that the capacitor C
is not charged during the starting operatlon as in the
above, ‘the circuit performs the following undesired _
25 operation only during a predetermined ‘time period after
the start has ended. Waveforms A to E in Fig. 13,
respectively illustrate the signall at the line 12&
(which is shown in Fig. 4) in the elock' generator when



O other through the MSFET Q14. In this parallel connection, the
'capacrtor Cerr] is connected in parallel with the capacitor- C through the'\e
M SFET err] so that the charging voltage of the capacitor C is \ﬁ~’
mai ntai ned at a constant voltage 3 irrespective of .the current consunptio
of the electronic 25 circuit. Since the capacitor Cferr] is connected to
the output termnal of the voltage reg@dBator 2, the output inpedance of the
power supply crrcuit can be sufficiently reduced -and the fluctuations in

e oSt Aghe OUABELIYOUbT4Rg6TRuRRLy 130 coRgietddl gea thanthagel Simlar (o

t he crrcur Mor eover, since only the two

exter nal 3&5&;&%& %“fsfthi"t E%thhg.d Endiec %) ¢ tisle the Third

exanple is Very use especl-al in the case where it is. applied to a
devi ce hthﬁg thé1b26cKD§ﬂlb%% ate #9 and tthien outparte volitage o i st
watch. In t#He circuit shown in Fi'g. 11 is preferred for the foll ow ng
reason thathehvontagelregumh¢br]Zhas a snaller capaci tance than the
capacitor C2.- 10 The tim ng pul ses [err to [errg.have t he high
| evel 5similar toFinetcofcalls dyomai; Fhe L1 o \thend imegh | evel of

the oscillator detectln signal, “whichis supplled at the start to the
line I[err}p SPE%S dhe t PUses

24,S 8Ot
2t that i 8 4 é&e?’er I the N0 Enaee &y }t*&i%"he&#@%i%ﬁ%&h& Mo hg
o e pbLids Yor ik, AR 9 ik g 1 200
. As a result. the switching HISEETs Q1, Qz and Qh are
10‘ rendered nonpconduetive, whereas the switehing MISFET
Q; is re_ndered _eonductive_. | | _
Next, when the eleck pulse ¢, has the high level
at a time ts, ae 1ndieated,by_the waveform C, the line | Q\x
1, is supplied with the, voltage of the battery voltage
15 supply Vss through the MISFET 01, the capacitor c1
having at that instant zero capacitance, and the MISFET
03.' In this case, since the capacitor 05 is charged in
advance during the starting operation, no more than a
relatively small charging cu:rent flows through the
> 20 capacitor ci. fherefere, the voltage across the
capacitor C, can be deemed to be substantially zero.

As a result of the fact that the clock pulse Jz.
has the low level at a_f;me tas the MISFET d1 is rendered
nonpconductive. | |

25 _ lt the MLSFET Qh is rendered conductive as a result
of the fact that“the clock pulse ¢, has the low level
at a time tg, the source of the MISFET Q, falls
substantially to earth potential through tne MISFET Q



*charged at a predeterm ned constant vol tage. At this 20 time, the capacitor
Clerr] is not charged because the M SFET Qerr] is rendered non-conducti ve,
as has been described above. As a result of the fact that the capacitor

" r] is not charged during the starting operation as in the above, the

Ci rcurt perforns the follow ng undesir 25 operation only during a
predetermned time period after the Sta 'has ended. V\aveforms Ato Ein

nE g ) ei%ﬁ%%% Sapastide ¢ ish Ve it #zf 124vf)|”3'3§2 Lﬁﬁﬁrhﬁm
r[;smgo[l{lg?t]e sﬁ?&éﬁ?xt’ik jsﬁeérﬂl}fﬁ#{%rﬂar e ou%'plﬁgltgéet or? t he

vol t age regu 5 f I on the
MAISFET Q has itd:t%ﬁéirPDaé PP edal*]e i o

line 124 to the high4 evel at trme t pu ses and of

the clock puhedtege f tthe Qfdﬂacitd&ﬂ\%,r tna»d | $hee| corftrd D MISEEE by the
wavefornms Cand Din Fig. 13. As a res the swi tching M SFETs (Jerr],

Qerr] %nd Q[Cb'rr]andrebtfd)line rsn:lthatd:heilpn Junction dak. ey thé t ching
"M SFET @B is rendered conducti ve. Next, when the clock pulse [err] has the .
hi gh level adrain gamctdon) WWMMQMQWQ substrate ine 12 is

supplied with the, voltage of the battery volta £te 15 supply V[err] through -

the M SFET Qeate SUbhds ey reotiion.sidmia nesult,
%[aE?fit?QCi’h o SHATERA, A1 %Mﬂ%é&a&fﬁé Cpebia AEETBRAL | han a
relatively S't%l "thCh%a%'a'c(itolg r(:‘ar]tttaxl'o(tﬁa tt'}xremﬁ'ain Junction between '
1_0 the control MISFET Q1 4 and the switching MJ.SFET Qe in

other words, the voltage supplied to the line 13 sterte

to have even its absolute value reduced, as indicated _

by the waveforn E in Fig. 13, f .

| 1f the clock pulse §x has the high level at
15 a time t9. the MISFET Q2 is rendered conductive as a.
result that the p-type well region (although not shown) |

below its gate electrode is forned on its surface with a

channel region. As a result, the charging voltage of the

capacitor 03, i.e., the voltage on the line 13 is further |
~ 20 reduced, as indicated by the waveform E in Fig. 13.
| © If clock pulse ¢, again has the high level
at the time t10' the line 12 is supplied with the _
voltage of the battery voltage supply Vss similar to the
' circuit operation at the time tg through the MISFET Q,,

25 | the capacitor C1 having ‘been charged by the .ch.arge_
distribution, and the MISFET Q; so thatthe charging .
voltage of the capac_itor. C3' ie again raised, as indicated
by the waveform E in Fig. 13, to the level which is



0 capacitor Cl. Therefore, the voltage across the capacitor Cerr] can

e deened to be substantially zero. As a result of the fact that the clock~
pulse [err] has the low level at a time t[efr], the MSFET err] is Q Ce
. render ed non-conductive. 25 I f the I\/ISFET Jerr] is rendered oy
conductive as a result of the fact that the clock pul se [err] has the | ow ;
level at a time t8, the source of tlked SFET err] falls substantially to
earth potential through the M SFET Q[err] "~ -40- and the capacitor (err]

which at th ﬁ% a!%’iate this tinme, the
‘M SFET Qerﬁeﬂhas Its 2’}; upp |e t&’?gﬁ%put vol'lage of the

capaci tor C&Qrgijlgﬁyzomh the control M SFET 5 Qerr] and the line 12 so
t.hat the pn junction (i.e., the drain junction) between its drain D and a

substrate gate SUB | THe Fdsttuations dnvthe dhiagin vodtage cofithe t he
charges stored in the capacitor C3 are distributed to the capacitor Clerr]

t hrough theaﬂpaai‘t;o:m(ﬁj ard atedawed,0 as dlndmted)lbwlﬂffﬁmvefomd t he
swi tching M SFET I n other words, the voltage supplied to the |ine
1[-err] Starisim by mepeating dhes awd tehing operations 2£d by the

waveform E |n Fi | f the cl.ock pul err] has the high level at 15 ‘
atime t[eritp %&é"‘ﬁ%s 9 8y P Q‘?"ts@n(?gee&h?é‘r&ﬁﬁ:tq {, &the eapagitor hat i

the p-type II regio t hqugh not .shown) below its gate electrode is
fornmed on it"q &% %@m} 3 drs‘egl on. As a result, the charging.

further 20 t“?eéﬁﬁiﬁ“h%? B g %b&%@ﬁ%ﬁ#ﬁ@%’ @l ey
oscillator 3 stops, If the voltage drop on the line 13
10 1is substantial, a problem arises in that the step down
| circuit canmot again be brought into its starting state.
1n the third exampl_e shown in Pig. 11, the o
capacitor 0-1- does not have a capa_citance equal to that of - ’\\

) RBAN meu. & it ) &84 §PAa UM .o € A

Q)

the capacitor C5 but has a ‘smaller capacitence than that - o
15 of the capacitor 'C3. As a result, the charges to be
distributed i‘rom the capacitor 03 to the capacitor C.
immediately after the start has ended can be reduced

1

r——————th der MRt s oo

80 that the voltage drop across the capacitor 03 can be
reduced. | '
20 - In the case where the capacitance of the
capacitor C1 ‘is inade smaller than ”that of the capacitor
3, the rollowing advantage results. In the normal
operation after the charge distribution from the capacitor

- ot e

C:3 to the capac_itor c1 has ceased,_ the _capacitor has a
25 relatively large charging voltage as a result of the fact
that its capacitance is sdail._ 1t .th_e charging voltage
of the capacitor C,y thus has a lerge value, it can be
distributed at a reletively high rate to the cepacitor




‘3

“If clock pulse [err] again has the high level at the tinme t[err], the line '
1[err] is supplied with the voltage of the battery voltage supply V[err]
simlar to the circuit operation’at the time t[err] through the M SFET
~_CL§Vr], 25 the capacitor Clerr] having been.charged by the charge

dt’stribution, and the,MSFET err] so that the charging vol tage of ‘the
capacitor Clerr] is again raised, as i.ngdjxaled by the waveformE in Fig.
13, to the level which is  41- determ ned by the characteristics of the
vol t age regul atu]y vhenl thd IMISRETS m(aﬁ,s dnd td)e arensintiered taarivdtiveg
capacitor Clerr}” are reduced, as infcated by the waveform5 E in Fig.
13, by repeati g Ehaeesnlitnhiing theecage wherfe tile No¥tagd aorioss tHeer r]
because the charges of the capacitor Cl are gradually increased. Wen the
vol tage on t he capasifiad [ iis neduced, tit amvindsbome The oeltage t he
vol tage drop on .the 1ine err] 10 1is substantial, a problemarises in
that the step JAMFeaCTOSs 0. desddad, iadug Alye nekativelyxddeh ng state.

capaci ¢ afce. oqiabhrg ARALAFEANY,A TS [APROT GpihdotiTam o
o be drstri buiSoRATESR, S4BT ARGt Gy, v Ve o ey
L e, oL erehes, eaiarann i o il e paA0T. oR pgipes
g:g:g: tance of theedends h%z%g thets tHe Gapliditindd Fa it betveelf
the capacitors c1 a_nd C2 be restricted to such a -
10 v;lue' as cérr_esponds to the ratio’ between the voltage
Vo desired and the battery voltage Veg.
| Ix; qx?d_er tb prevent those fluctuations in the
 output voltage Vo which result from the fact that
A - the ca.pac_:itor C,' is not charged in advance, i_t i_s
15  conceivable that :th_e capacitor C, is charged at the
st_arting state. For this purpose, the internal
cbnstfﬁctifon of the clock generator 11 may be suitably
modified such that the clock pulse 31 has the high
level whereas the clock pulses "2 and ‘-3 have the high -
. 20 level at the starting state. However, even if the
capaéitof 01 is thus charged in advance, it is
difficult for the 'f.ol;low:lng reason to eliminate the
ﬂuctﬁai_:ions in the charging voltage of the capacitor
c3 afte:f the- starting state has ended, o
25 In the case where the modification is made, the
capaeitor c, is charged at the starting state |
'substahtially to the voitage of the battery voltage
supply Vgg. Thus, if the MISFETs Q, end Qg are



err], the follow ng advantage results. I n the nornmal operation after the
‘?'charge distribution fromthe capacitor (Jerr] to the capacitor (Jerr] has—.
ceased, the capacitor has a 25 rel ativel y | arge charging voltage as a '

result of the fact that its capacitance is small. If the charging voltage
of the capacitor Cferr] thus .has a Iarge vh ue, it can'be distributed at a“
relatively high rate to the capacitor Z - C3 when the M SFETs  err]
and Jerr] are rendered conductlve As a result, in the case where the

vol tage across the capaci.tor rr] is reduced, it can r'e tore the vol tage
t her eacr oss Fendexed; FEBdPSHé'eaP ercthe i‘ﬁ’e%

tabi |1 zod SEBAERsyBRBad °r[ o SeuAupRided | %Mgee %5&%&% the
'ho- capac toFsiéxezﬁd&Cgr 3%25 HREEL Fhisioha 13 %%"‘ae*"@%i*f?eﬂ 2 cor Piiﬁﬁﬁﬁs |
Weﬁrf rﬂ]' grsg vent t 0S ct uatlon;oitjn tput vq/“t age ?er]

whi ch regul ttﬁéomﬂ:pﬁtf Y61 tald! ofh the taditedy %Wg lﬂﬁﬁf'%ed in

advance, s 15 concei vabl e that the capacitor Cl is char at the
starting Stane aFpesullits mepmweeamt&rmaiamﬁdwcc;pm.@..t thes| ock

generator 11 may be suitably nodified such ' that the clo pul se [err] has
the hi gh | eveblthegecen the dimek I sefluctuates] Herthe fefreutte hi gh 20

- level at the starting state. Howe even if the capacitor derr] is thus
charged i n acpenstions is di fflcult for the foll ow ng reason to elimnate

the A fourth example 1s shown in Fig. 14, In this
10 fourth example, it is considered that the :I.mpedance
at the output terminal of the voltage regulator 2 is
suffieiently reduced by the capacitor 03 which is coupled
o the IC through the external terminal P,, end that the \/
two capacitors coupled to the I1C may be ident:lcal to each
45 other. | B
As a result, the assembling of the electronic watch
can be facilitated. _' - -
A MISFET Qg is comnected between the common node
between the switching MISFETs Q1 and QZ and the terminal
20 3, and a MISFET 031 is connected between the extemal |
teminal 1’3 and the line 13.
The MISFET 031 has its gate supplied with a
waveform A shown in Fig, 15 » With a start control signal
A which has an amplitude of - Vss and which has the low
25 1level (i.e., - Vss) when the starting state of the power
supply is ended. 'J.'hat start control s:lgnal A can be
prepared by applying the signal, wh:lch is supplied to the



fluctuations in the charging voltage of the capacitor C3 after the starting @
state has ended. 25 In the case where the nodification is nade, the
capacitor Cl is charged at the starting state substantially to the voltage

‘of e battery voltage supply V[err]. Thus, if the M SFETS Qerr] and

qerr] are -43- rendered conductlve..am.e.r. the starting state has been
ended, the line 1l[err] is supplied with the.voltage at such a level, i.e.

at a zero Ie:l/mea:ls%soﬂeuumtmhbv cfbFiget4potd hthe hbéwedg vol tage of the
capacitor Cerr] the output voltage of the battery voltage supply

Vierr]. As ashifting cimcudit tshpwniinhBigapbecitor Cerr] i.e., the voltage
on the |ine 1[err] fluctuates by the circuit operation. A fourth exanple
is shown in Fig. 14. |The Mbsmf%thﬂQxh‘hplﬂte suppliedeithrthet hat the

| npedance at } he out put term nal the voltage regulator 2 is sufficiently
reduced by t# pﬁ&‘&’ﬂ? MI%@V%tﬁheIﬂ@HMM t he

Cdenti oot | PReERtad affrtiR t%fﬁﬁ@?“” C°“§g¢ ¥ ¥ssel cctronic.
bet ween t he.svi ¢ ohi Egtﬁ'sré@%c@ ilioth Rfde SakEE PRl fesd Do
?[ g/lr rsi:FTTSe ?\? g%%ér?’ %‘é&?‘?t sstggt?%%% Eﬁé@% r@i’apwaveé cﬁﬂ%éﬂgwlnl |nﬁ
Fig. 15 Wi tfp deddildtiér dc| tiidt)"Eley may be supplied to the gates
of the MISFETs Q30 and 031. may be ée_g_eratgd from the
10 drains of the MISFETs Q,, and Qy, of the level shifting
circuit shown in Fig. 6. If this modification is made,
the inverter IN can be omitted.
- © ' The clock pulse ¢, at the starting state is
made to have the low level, whereas the clock pulses
15 4, and 43 are made to have the high level, _
' In order to obtain the clock pulse #1, the
NAND circuit ND5 of Fig. & is replaced by a NOR circuit,
which is supplied with both the inverted output signal
of the flip-flop circuit FF5 and such a éigna.l_ as is
' 20 prepared by inverting the éignal on the line lék by means
of an inverter. '
| The operation of the fourth example s’hbwn_ in
Fig. 14, will now be described. _ . o B
' First of all, as indicated by the ﬁavefoi-m A in
25 Fig. 15, as a'rest..tlt of the fact that the start conti'ol ]
| signal A is at the high level during the starting time
period from the time to to the time t5, the HISFET 031

is rendered conduet:lve, whereas the MISFET Q30 is rendered



i~ which has an anplitude of - V[err] and which has the |ow 25 level (i.e.,

G Verr]) when the starting state of the power supply is ended. That stag—
control signal A can be prepared by applying the signal, which is suppl |\9d -
to the line 1[err] of the circuit of Fig. 4, to.the | evel shifting
circuit shown in Fig. 6. The MSFET (Jerr] has its gate supplied with the
start control signal A through an invert LN which is'5 oper at ed
directly by the battery voltage supply V|ierr]. The signals which have their
| evel s shif ypghdcondisctydage | evel Vierr] and which have opposite phases
to each other so that they may be supplied to the gates of the M SFETs

Jerr] and err]. Mn@etmwﬁmngmeepéﬁiddal as afrésaldl SFETs

Jerr] and. Jerr] of the level shifting circuit shown in Fig. 6. If this

modi fi cat i orthest rixe cldnklpuikseed |bas abhéclowi levedl Whereasctheul se [err]
~at the starting state is made. to have the | ow I evel; whereas the clock

pul ses 15 [ &kdclpulses ]# dave thechigh hegﬁlbeaalhaSnbeener to

obtal ncft?he c] ock pul sei&e[err] the NAND circuit ND5 of Fig. 4 |s repl aced by.
rcuﬂes%ﬂ?ﬂfl %QFQ\: tW%&ﬁ?Mv@ﬁwwgﬂmt si gnal of

EES i gnal - P 1 1, Tepleed iondugtine) Wieréns vhe BRLESRIdE of “lhe
o gl Ly m‘%l##“%%f@%?%fiéfégﬁ.e? o oL L e
start control si gnaI |§ f’éstﬁ]@ hﬂgg iffl&'1dUiL“Qu£Bf1é&a&i%ﬂgtﬁL”E :
voltage of the ‘oattery ‘power supply VSS through the
10 switching MISFET Q1 and Qz which are conductive. As a
result of the fact that the MSFETs 34 and Q, are
conductive at that time, the capacitor. 0_1 1s connected
in parallel with the capacitor 03 through the MISFETs
31 and Qk' Incidentally, as a result of the fact that
15 the MISFET 030 is non-conductive, a direct current path
is not established between the capacitor C, and the

battery voltage supply |

'AS a result, 'both the capacitors C1 and (.'3
are charged to th_e voltage which is ‘determined by the

- 20 voltage 'regulator. 2. |

As a result of the fact that the start control
signal A has the low level at the time tg5, the starting |
state is ended. After this end, the MISFET 030 is
rendered conductive whereas the MLISFET Q31 is rendered

25 non-conductive. |

As bas belen: de's'cribed a'bove, the capacitor (‘.‘1
is charged to the voltage VCL at the starting state. .
a result, after the starting state has ended, the charge



period fromthe tine to to the time t5, the M SFET is rendered conductive,
whereas the MSFET (JQerr] is rendered -45- ‘non-conductive. During that
starting time period, as a result that the clock pulse [err] has the |ow

et whereas the clock pul,ses [err] and [err] have the high level, as has
"been 5 descri bed hersei nbef ore, the-smﬁ;ﬁging M SFETs C{err],'C{err] and
X4 are rendered conductive, whereas the S ching M SFET [err] S

Vol tage of t LB EeibEan  2riu, £36\ caparftor  Fy tn ihé”@%ph %“é%-ﬂtﬁhﬁa ST
d d I f
M SFETs ?g[”eﬁgé%dn@ Fﬂ‘graf%g%ﬁn%ﬁf;ﬁ& e, ol B2ncalraes C08C o Grerr)
FET
Gort] o SRpRELEOCE R Aot DeLhignasL ko (1! the 11840 shgﬁn“‘éé“ the
M SFET Qo Imhde Nobns8aats N cinds ht 68! bf U4 GaVedBil FOIRORIET B8] Shed

bet ween the capacitor Cl and the battery voltage supply

result, bsth ﬁd‘@df@?@@aﬁﬁ%qﬁhéthéﬁdiﬂ 57t otRe CQﬁéﬁﬁﬂnéOswEeVﬁ-'t age

~which is determined by th vol tage regul ator 2. a result of the
fact that themstart control signal A has the IOM/IeveI at the time t[err],’
the starting state is-ended. After this end, the M SFET B0 is rendered
conducti ve wher eas th@cideltailxerthe|w01tmdereﬂ the nbineohgy cwhich 18 has
been descri bed above, _the capaC|tor C}err] is charged to the voltage Vlerr]
at the starti?&F@#@ﬁ%ﬂ tg e drain of the control MISFET 015 of the

' voltage regulator 2, is so changed during the normal
10 operation aiter the 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 voltage -

15 supply v gg» @8 a result of the fact that the switching
MISFETs Q, end Qy are rendered conductive at the time
'ts. The charging operations of the capacitors C1 and

03 at that time substantially cease when the voltage at

the line 13, i.e., across the capacitor c3 has the level
20 which is determined by the voltage regulator 2. The
charging voltage of the capacitor 01 is accordingly
reduced to a relatively small value so that the voltage
on the line 12 has a relatively large value,
On the contrary, as a result of the fact that the
25 switching MISFETs Q and Q, are rendered conductive at
the time t9,'the charging voltage of the capacitor c1.is
supplied to the line'lz. As a result, the voltage on the
line 12 falls to a relatively small value, as shown in

2



result, after the starting state has ended, the charge - 46-
al

fstribution fromthe capacitor Clerr] to the capacitor Cerr] does not ™~

take place so that the voltage across the capacitor C3, i.e., the voltage
at the line 13 can be nade constant, as indicated.by a waveformF in Fig.~
15, 5 notw thstanding whether it is at the starting’state or not.
Incidentally, the voltage at the I‘Hte 1[err] which is connected to the
drain of the control MSFET [err] of the voltage regulator 2, is so
changed during the normal 10 operation after the starting state has ended,
as is indicated by a waveformE in Fig. 15. The voltage on the line 12 has
a val ue, which |s determ ned by substracting the charging voltage of the

- capaci tatave[ferrm ‘romthe voltage of the battery voltage 15 -supply V[ferr],
as a result of the fliaait tdodirertvidf tilng ptéddnls {heentionand Jerr] are
render ed conductive at the time t6. The charging operations of the

capacitaqrs t | 'su_bst antially cease when the voltage
at the né& errl]n %q laéacrglgi tfhe capacitor C[err] has the |evel 20

Whi ch i sg gpéy v aspteéry for Werelativelyebhgge of the
capaci tor aerr] cc%l?:g?ng y reduced topia relatively smal ?' va‘llgu\e so t hat

the ol tggps @, tit.eeJJ Nt lerdes o rBiakéase YtherTEfyabfethenbattepygptrary,
as aresult of the fact that the 25 sw tchi ng MSFETs Qerr] and err]

are rendersgasiltived i owtpat tveltage hdving  atsaffbeientgvadiieaganof the
capacitor Cl is supplied to the line I[err As a result, the voltage on
t he |incbd pénérated Wr'hnatwbtggs reegula or, 2aevenolf the voltage '
of the battery voltage supply ss falls to a relatively low
level, |
lO ' In the first et_nbodiment, although the step down

circuit 4 and the voltage regulator 2 are integrated with

N

eaon'other, they are assumed to be made se'parate for tthe -g

sake of convenience in the following description. in this

‘the voltage to be supplied from the step down circuit 1 to
15 the line 1, is made to have about one half 5: the voltage of
the battery voltage supply VSS‘ Consequently, the
relationship between the voltage of the battery voltage
supply vSS and the voltage on the line 12 is illustrated
by the characteristic curve 12 in the graphical
20 presentation of Fig. 17. | _
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
25 the stabilized voltage VCL.

-
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~47- waveformE. A first enbodi ment of the present i nvention is shown in 35?

_Fig. 16. In order to nake it possible to use a battery-for a relatively

Iong¥5 period, i.e., in order to'increase the [ife of the battery, a.
‘st ab¥l i zed out put vol tage having a sufficient value can be generated by the
vol tage regul ator 2 even if the voltage ?%sgpe battery vol tage supply

V[err] falls to a relatively |ow | evel = In the first enbodi nent,

al t hough the step down circuit | and the voltage regulator 2 are integrated

DSR2 1 (MO ASOUITd g B Sat e Eppifeseis Sh

conveni ence in the f W ng description.

SupplTed Trom tjGpgt o0 AXELGAT Ly WitR Hhe' Bteb A6 2vbFLERE vk SchVe

about one hal f of | tage of the battery voltage supp err

Consequent |y, tie geherated by Hieé eteptaewhobirgaitf 1} hthdastepyaswht age
supply V[err] and the voltage .on the line 12 is illustrated by the
characteri stic valtage 1£sirediicedrtphachowéd pevernthanothefstabilisedSi nce

the voltage regul ator 2 receives-the output voltage of the step down
circuit it g%oibmesvéj?ebgtabslighu_mdquﬁow[énrj:hequhtagetqaﬂtthel'tage
of the step down circuit I's substantially equal to or. higher than 25 the
stabi | i zed vol teRjeteqeryqltage\supply Vgg, the output voltage of the
| voltage regulator 2 is accordingly reduced. The output
voltage of the voltage regulator 2 is reduced from the
peint D in Fig. 17 generally along the characteristic
10 curve 1,. . As a result, notwithstanding that a
relatively high voltage is being generated by the
) B battery power supply VSS’ it becomes necessary to replace
— - the battery voltage suppiy’. |
In order to operate the circuit at all times
15 - even when the battery voltage is relatively reduced,
' in other words, in order to prolong the life of the
battery, the voltage of the battery power supply Ves
is supplied directly to the voltage regulator 2 when
the battery voltage has such a level as to reduce the
20 stqp down voltage substantially to the stabilized
voltage V.. Then, the output voltage of the voltage
regulator 2 is stabilized until the voltage of the
battery voltage supply Vgg is reduced to a level
indicated at a point C in Fig. 17, namely, until the
25  voltage of the battery voltage supply Veg falls to a
level Vgg" which is substantielly equal to the



#
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"supply VSS the output voltage of the voltage regulator~2 is accordingly

-even when the battery voltage is relatively reduced, in other .words, in_

- If, in the case where the voltage regulator 2 is suppli.ed exclu5|vely
th the step down voltage which is generated by the step down circuit 1,-
the step down voltage.is reduced to a l'ower’ | evel than the stabilised 5 i
vol tage VCL by a slight reduction in the voltage of the battery voltage

reduced. The out put voltage of the voLtgge_regulator 2 is reduced fromthe
point Din Fig. 17 generally al.ong the characteristic 10 curve 1f[err]. As
a result, neitedingiAsdivigl ddod ch elatlvely hi'gh .vol tage i s being generated
by the battery power supply V|er It becone necessary to replace the

battery vol tage suﬂhbyopénatndnr tbimmﬁfntstthnmodumnnm ghoaid in nes 15
order to proFbgg f16evillcnow becdescribed iheduﬁhﬁage of the battery power
supply Verr] is sgﬁplled directly to the voltage re ulator 2 when the ]

battery vol t age ha®heusken. devalca:cuétrédbas gheonstructiop &dmiled t age
substantlall to the %glllzed v ta e V[err] Then t he out put voltage of i
2

t he voﬁtage egthat.p Q@HSPﬂ b 1 FﬁgeﬁﬁﬁrFHSGb stedey :
o gy e Fibkk bRLsS Hs HaE °5?1et ﬁgwbar's-'?'% y vherase S epok "o s |
vol tage O ervwis%%péﬁsﬂ‘ b, Fre) R 2ehBy. o e, ﬁﬁ@t%@ zed
- MISFETs Q,, Q, and Q, are accordingly rendered conductive, [

| Qhe:eag_the.switqning MISFET Qg is rendered non-

10 conductive. On the other hand, the MISFET.QBO is
rendered non-conductive in response to a control signel
A at the low level as is supplied from a level shifting

circuit 29, whereas the MISFET Q34 is rendered _ ;;}-g
~ conductive by the control'signal A at the high level. e
5 The voltage regulator 2 is constructed similarly

to the respective embodiments of the control MISFET
Q1h,_the differential amplifier 20, the reference
voltage generator 21 and the level shifting circuit 22,
| A clock circuit 31 is formed with a plurality of
20 power supply wirings and is additionally formed with a
level shift;ng'circuit, if necessary. The clock
circuit 31 is basically constructed of a variety of
known circuits, for example, of: an oscillator for
generating a reference freqﬁengyasignnlg a frequency
25 divider which receives the reference frequency signal

- from the-oseiilator in.order to generate a second clock



‘Fig. 16 will now be described in detail. The step down circuit 1 has a
—construction simlar 5 to that of the circuit of Fig. 14. At the
starting state, the clock pulse [err] "has the |ow | evel, whereas the clock
pul 8¢s [err] and [err] have the high level. The svvrtchr ng MSFETs err],
Qerr] and Qerr] are ,accordr ngly rendered conductive, whereas the
switching MSFET Qerr] is rendered neh-5@G- conductive. On the other
hand, the M SFET Q[err] i s rendered non-conductive in response to a

gloptmr“olt Zbgnallnse%gs the ‘H}gélﬁyélfaﬁren erec# conc}{ﬂf%r (gf*%ga%%tnlt Pgl

- signal A at t gyt o' the freq u'glfﬁ?’
constructed sim I arIy to t]he respecti ve envodi nents ?\J ﬁ control M SFET

Jerr] the di igdetiedsitetin® ddtsuh dd etertlfeiids y e aeimete) at or 21
and the level shifting circuit 22. A clock circuit 1 is formed with a

plurality of Z@n mimbessupnie huux yoerniiiburs Adhé iduploy texindaysy th a
| evel shifting circuit, if necessary. The clock circuit 31 is basically

constructed ofa @ii\ﬁ@flragt yegodem forticanverst irig rthec oytput signalowaf | | at or

for generatin reference frequency signal; a frequency 25 di vi der -whi ch
recei ves the rl'éﬁa fgﬁ%ﬁ imtemdiaplayisignals; mrder to

Pecei ve ¢ ﬁesﬁﬁmﬁb@%% 'o%c‘r’mm?o‘ A ot FeRaA RS Yhe AU LRI at e

hours, one. dayToec PERIEY Steculferti, 3 Stap SARE o wshbe Y LA out put

- signals of ci:;cuit; a mode selector which detects the operation

10 order of the switches sw1 and SWZ, which are co;xnected .
between the external terminals P1° and P22 and earth,

in order to select a variety of modes of the watch such
) iy as a normal watch operation mode, a time correcting mod;e,
a stop watch mode or an alarm mode; a control circuit for-
15 controlling thé oﬁerations of the various circuits in
accordance with the combinat_ions of the outptit_ signal
of the mode selector and the signal from the switch
SW, or SWZ; and an output buffer circuit which receives
| the output s:l.gnal of the alarm circuit (although all of
20 the circuits are not shown).
On the other hand. the watch circuit 31 may also
be constructed of a well-knpwn ROM-RAM type circuit
vhich includes: an 'osc'illato'z";" a timing pulse
generator; a random access 'men'iory for writing time_ |
?5 data, operation mode data, step watch data or 'ala:;h
‘data; a read only memory (or ROM) for writing micro-
instruction; a program counter; en arithmetic logicel

@D



‘te various tinme counters into display signals; an output buffer circuit
i ch receives the output signal of the display decoder; a stop watch

circuit; an alarmcircuit; a node sel ector Wwhich detects the operation 1
order of the switches SWerr] and SWerr], which are connected between the
external termnals P10 and P22 and earth, in order to select a variety of
nodes of the watch such as a normal wat operation node, a tine correcting
node, a stop watch node or an alarm ndde," & control circuit for-15
controlling the operations of the various circuits in accordance with the
conbi nati on W oyt ' o af de selector and the signal from
the switch @ﬁ@érr?ﬁérus&F§F§F9n§§69§ﬁ%@% pdt buffer circuit which receives
the out put signal pafimt a Cl Gl 4. t Rphiah ' t B8 dedg CUI 'S
are not shown). ﬁ%ﬁé%@?h?&%ﬂi‘%&g&%h Cl rccéuﬁstg%%f’a{%ﬁge
construct edggp geierhtbarva HOUPIAY UeBdY ignalNitorh dravisiies an
oscillator; a trmng pul se generator; a random access nmenory tor witing
time. 25  daggsplag’ BSPORavigg ddquids cystalc zedtieat®, ahich &ter; a read
only menmory (or ROM for witing mcro- instruction; a programcounter; an
ari thmebi c appanged in- fhe form ofha mquariishy nunedalod@* forr @acdihe wat ch
circuit 31 thus constructed, there are generated: a display decode signal
for drivingfigurepl as BBPWR3yangignadi forr yriming: eacomsticvconventing
arranged in the formof a.squarish nuneral "8" for each figure, as shown; a
signal for BeansngPavbisch dscpreaided; to:genevptmiam alarm squndy ¢ o

generat e anagka‘r,ﬁ}.‘s:ﬁugg cdnstfudted of a piezoelec_'l;rit_: element;

and’a 'vdri'éty of clock and control signals to be supplied
10 to a variety of such circuits as will be described in
the following. | | | . | |
‘The output buffer circuit, which is arranged in
the clock circuit 31 in or_fder. to drive the acoustic v -
cénvertihg means SP, requires such a rélatively large
15 drive current that it is operated by the direct voltage
of the béftery, \iolﬁge suppiy Vgge L
A comparatbr 25 'is_ provided in order to detect the
voltage 6f the battery voltage supply vSS' This o
comparator 25 has its non-inverting input terminal
20 supplied wit_h the reference voita_gé, which __is_ generated
by the réferenée_ v_olﬁge generator 21, .a_nd its inverting
input- terminal supp]-._ﬂiléd with fhé. voltage of the battery
voltage .supp].y.”vss through a voltage divider which
comprises i‘lesi.stoz-'s'Rz a.nd Rs. | | |
25 The divided voltage supplied by the voltage divider
(R, and 'Rj)' is @adé_ equ§1 to the _éutpu'l_; voltage of the
reference voltage circuit 21 by suitably setting the



and which is constructed of a piezoelectric elenment; and a variety of clock
_and-control signals to be supplied 10 to a variety of such circuits as
will be described in the follow ng. The output buffer circuit, whichis
arraﬁged in the clock circuit 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 batt®2y= voltage supply V[err]. A
conparator 25 is provided in order - to detect the voltage df the battery

vol tage supply vwiptdde diNiding WAELS BL 2&@%51&6@@-@@& i nput
termnal 20 supplied with the reference voltage, which s genefated by the

reference vol t agferetins afchtagde ofdthé Sbatveryi velt tsﬁp‘ﬁl?”g suppl i ed
with the voltage of the battery voltage supply V[err] through §/ol t age

di vi der which cfaiks sbs a Sewedbrio e adetéSted@5(i.e., a Tdetectiamdevel hge
supplied by the voltage divider (R err] and er&%i I s made equal to the
out put vol t age bfedheta &f havele equalageo oor caliglrtlyyhigherithanctheng t he
-52- voltage dividing ratio of the resistors Rerr] and R [err] when the
vol tage of?t he W& r{ggoldndicatadiin 48y 17al Is to a level to be

detected (16, ¢ 9 R Seliel Ben ) 161EbaS SELed8, BhePbis L)
(1, vol 1292 o (R ALk NSO S8 o ol bl i) 0d SEBRFS L2
I's accordingly #ii54hd Bdtkctidd 1&V€l; the output voltage of the
| _ coqparator 25 is éccordingly raised to the high level.
10 The voltage divider (R, and Ry) and the
comparator 25 are intermittently operated so as to reduce
their respective average curfenté to be consumed. In
/ order. to intermittently .oper_até _the volﬁge divider
N~ (R, and R), there is provided a switching MISFET Q,,
15 vhich is rendered conductive by a clock pulse g,. On
the other hahd, the comparator 25 is suppli.ed with the
samé clock pulse as the clock pulse do_ to be supplied
to the switching MISFET Q5. o
. - Incidentally, the comparator 25 has a
20 construction similar to that of the differential
amplifier 20 shown in Fig. 1. For the sake of the
intermittent operations, the MISFET similar to the
constant thrent MISFET Q3 of Fig. 1 has its gate
supplied with the clock pulse de.
25 A latch circuit 26 is provided so as to
generate a series of signals on the basis of the
_ intermittent output Signals wllzich are supplied to the |

comparator 25,



10 The voltage divider (R2 and R3) and the conparator 25 are
intermttently operated so as to reduce their respective average current-s-
to be consumed. In order to internmittently operate the voltage dividehJ B
(R[err] and Rferr]), there is provided a switching MSFET Jerr] 15 which
I's rendered conductive by a clock pulse [err]. on the other hand, the
conparator 25 is supplied with the sang3clkock pul se as the clock pulse 4

to be supplied to the switching M SFET Clerr] “Incidental ly, the conparator
25 has a 20 constgyctiop, simlar to th % the- differential anmplifier 20
shown in Fig. 1. FBrReRe Sk€°BPaFﬁg°rn§ iﬁt?@ﬁ@es speradivene M SFET

.ZLBLI-ZQSWME kBB Byt Tateh H'%@h s {;}fs % is
Pncerm 1 on 28t S HPUE EEPatofl RECsRbp o chaC ol ke oo
-53- Since tﬁ@lggnagrghgrcigﬁkspﬁfgge edwﬁggﬁa #?*1ﬁQgL M pul se

‘[err], the l'atch circuit as its daPa I nput ied with

.the sage cl ogsmparatops2she cl ock pulse [err] mhlch is supplied.to the 5
conparator 25. The clock pulse [err] can be supplied by waveform shapi ng

circuit 30 which rEhelctuckepRISécﬂoCbankbélBﬁpblibﬁVbﬁgwﬁQﬁEﬂﬁh'Ve
frequencies as are generated by the“clock circurt 31, -as shown.

| nci dent al | yghaging cirgmhtrﬁﬁluhichereceikesureferencb bnockthe circuit
having signals having respective frequencies as are generated
_ -hw:the clock circuit 31, as shown. incidentally, by
10 generating_tne-clock.pulse'do from the circuit having
the-construction~described'above; the changiné tining
of the output:signal of the latch circuit 25 ann the
changing timing of the clock pulses ¢, to d3 can be v
synchronized. |
5 ~ 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 display means, e.g., the alarm _
circuit and the acoustic converting means SP to ‘be
driven by the output of the alarm circuit as requires
a relatively lsrge-driVe current, as has heen described
above. . - | .
25' . The gate circuit 27 has its one input terminal
supplied such a control signal dc through a 1ine 141
from the control circuit in the clock circuit 31 as is



‘the construction described above,

the changing timng of the output signal

—ef—the latch circuit 26 and the changing timng of the clock pulses [err]

cir

to ggrr] can be synchronized. 15 °

The output signal of the latch

it 26 is supplied through-a NOR gate 27 to a start control circuit 28.

~Inci'dentally, the gatescircuit 27 is pro 19@9 to correspond to the fact
that the electronic watch is 20 . equi pped with such display neans,

output O theraiged dor dhe high develedm symchnondisp viide the tdming

as has been descri bed above. 25 _
i nput t er mi na®tswidiche dhe, driye samrents; s thnough,
circuit in th ck circuit 31 as is V -54- raised to
the timng at which the drive current flows

hrough the displ 2SP .and ' +lhe b |
Supply Merr] 5 - uatl R S, e Beheyef Juag” sHY. Vsesi ot ance

supply V[err]

t he control
high level in

The gate circuit 27 has its

1o By P N S U ST i

i n accofdance

conparator 25. - It shoul d;” however, be not

ght tinme del ay

of the batterthag 433 otRRIt WH1¥dde 1% r&ﬁ%ﬂ%@ﬁm&u 1

‘occurs until laegecdusirent TowWie in accordance with the large drive

10

‘15

20

25

current, This reduction iq the voltage of the battery

IVbltage supply VSS is resultantly detected by the

comparator 25. 1t should, however, be noted that a
slight time delay occurs until the reduction of the |
voltage is detected.

In the case where the gate circuit 27 and the

‘control signal #c are used, it becomes unnecessary to

await the'voltage drop detection output based upon the
output signal of thé comparator 25. o

"As will become spparent from the following
description, the voltaée‘br the battery voltage supply
Vgg is supplied to the Vpltage regulator 2, before

. such a'ciréuit'operétiop is started as to reduce the

volfage of the béttery voltage source Vgg, so that the
undesired voltage drop on the line 15 can be prevented,
In Fig. 16, the start control circuit 28 is
indicated independently of a clock generator 11' so as
to facilitate its understanding, .
| The éfaff éohtrol circuit 28 is shown in

_greater detail in Fig, 18, and is so constructed that

! e.g.,
the alarmcircuit and the acoustic converting nmeans SP to be driven by the

ent,
one

ey idisRia¥%e 141 from

t he

| ows -

t age
0

ﬁ’@
b



|tage is detected. In the case where the gate circuit 27 and the control
Ignal [err] are used, it becones unnecessary to 15 await the voltage - .
drop detection output based upon the odtput” signal of the conparator 25. \/As 5
wi || becone apparent fromthe follow ng description, the voltage of the
battery voltage supply V[err] is supplied to the voltage regul ator 2,
before 20 such a circuit Operatiomi%slarted as to reduce the voltage
of the battery voltage source VSS, 'so that the undesired voltage drop on

EQE. }h?ﬁaiiﬁﬁr#&@"ﬁﬁmﬁviﬁf“ o a et tar s cng 2 28 r°éh€%”“” 2
t
.gfégt'eﬁaé&;‘t?*.n%%ﬂ%ﬁ%éﬁé@%ﬁﬁ ol 5ESZ%P'”
N
CHICUIt Shown 1n o ¥, NARETG m“f?%ﬁrf%%%a&%ﬁﬁtéﬂéuf°ﬂmﬁ
t er m nal supwnmgt@?iwlwﬂm@%@é nﬁjggr%% the the NOR gat e

circuit 27 (as shown in whi ch 1I'S reduced ‘lével when t he

reducti & infirom lmetmn\gdﬁeagsz&sm xewoqéégshdmdaiqcigd 1?51;1 when the
alarmdisplay is made. As a.result, the start control circCuit 28 supplies

the | ow | evewhdichndls reduced to il TdwerYeéveDiwlen Vit rreduétiont art
period but also when the output of the NOR gate 27 has the |low l-evel.
| nci dent al | y inather thachtew M@é-tﬂgmlsmﬂar atoitage is detected
and when the alarm display is made. As a result, the
start control circuit 28 supplies the low level signal
10 to the line 1,; not only during the start period but
also when the output of the NOR gat"e_ 27 has the low

level. -

Inoid'entailj; ‘a portion of the clock generator J = |
11' is also shown in"Fig. 18. The cloek pulse ¥, o
15 supplied from a NOR circuit NR1° falls to the low level
in a manner to correspond to the fact that the signal
on the line LA has the low level.
The operation of the circuit shown in Fig, 16
is indicated by the waveforms A to G in Fig. 19.
20 In Fig. 19, incidentally, letters Vpp (+) impiies_earth
potential, whereas letters Vgg (=) implies the |
| potential corresponding to the output potential .of the
battery power supply VSS' '
It should be noted that even ii‘ the step down
25 voltage becomes equal to 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 Vss can be



11' is also shown in Fig. 18. The cl ock pulse [err] 15 supplied froma NCR‘
titcuit NRlerr] falls to the lowlevel in a manner to correspond to the
fact_that the signal on the line 124 has the |ow | evel . The operation of
the &ircuit shown in Fig. 16 is indicated by the waveforms Ato Gin Fig.
19. 20 In Fig. 19, in&identally, Ietteéa VDD (+) inplies earth potential,
whereas letters Vss (-) inplies the poté€HtTal corresponding to the output
potential of the battery power supply V[err]. It should be noted that even
i f the step doedffeébtivellyagseldecohssaecnestilty thel dife bﬁamhehbattebyllzed
output voltage V[err], the stabilized output voltage V[err] at a

-predet er ni ned banebelprgannsaded Abovecall, t thendithbdumt bettery haat the
battery vol tage V| errLﬁcan be -56- effectively used.  As a result, the
life of the basuehyac sbeipteraaéeuesiﬁﬁéngealeoSthespwena&nhnadredg has
such a high internal si sfance, several hundreds ohns that a | arge

vol t age drop t2RBE ﬁF& e aFKG 301%€§8r9FPBn 88 Bilage| dpgthe,rent

consunption. The_addLtion functi has been desc&bbed above

g SaLynckien as has becn
becormes especi SPFY GPPaBP H tﬁe BREE GHEFERY CPPRPMRAOPrcfBeis used. In

F rg"’:'lfa' ?}%yf e R4 PABLT 80 BREH nlle ?ﬁﬁdéﬁeﬁ%spﬁggnzbeggﬁiﬁﬁ 39%{ °fh
}.”?'stthnSodYae‘n’?ez‘?égf'ﬁﬁ?éé’?e i@i“ﬁ%ﬁ%??sa e E%EE%E%?&&E?E%M e

battery is used.

: in a modified form, forming , secénd
10 embodiment, the circuits 1 and 2 of Fig. 16 may
be replaced by the circuit shown in Fig. 20. In Fig. 20,
incidentally, the elements corresponding to the |
'///;X respective elements of the first embodimeﬁt are
\ indicated by identical reference characters.
15 .  In the circuit of Fig. 20, at the starting

- f g

state and upon reduction in the battery voltage supply
voltage, the clock pulses ¢1 to #3 and the coﬁtrol_
signal A have the high level, whereas the control
signal X has the low level. In accordance with tﬁe_
20 respebtive signals at the respective levels, the.
.switching MISFETs Q; to Q; and the MISFET Qy4 are
rendered conductive,_whereas“the switching MISFET Qh
énd'thg MISFET.QBO are rendered non-condﬁctive. As a
result, the capacitor C, is substantially connected in
25 series with,the battery voltage supply VSS and the
éapacitgr 03. As a result of the fact that the

capacitofs_c1 and C; are comnected in series, the



5 : In the circuit of Fig. 20, at the starting state and upon
eduction in the battery voltage supply voltage, the clock pulses [err] “to-
[err] and the control signal A have the high | evel, whereas the control v ¢
signal | has the low level. In accordance with the 20 respective signals-
at the respective 1evels, the swtching M SFETs Jerrf to (Jerr] and the

M SFET Q are rendered conductive, whereas the switching M SFET Qerr] and
the M SFET Jerr] are rendered non-<djffiueti ve. As a result, the capacitor
Cerr] is substantially connected in 25 series with the battery vol t age
supply V[err] and the capacitor Cerr]. As aresult of the fact that the
capaci t orcapeitqr Lyl ig oharged nok eRrly Jfrom sthe ceontnel MISEET.

capacitor_Clerr] is charged not only fromthe contro

" consti t utQqy %P%ﬂet‘b#%ea ?Rﬁqﬁg%f rﬂ%ﬁl'ﬁﬁ%ﬁa&ebﬂfﬂ { °§F -(I)-HBQ%Aft he
Eiﬁﬁlﬁ,& 8&-:1 w%m?tﬁq‘izé’é%ﬁ% v ke 8 m%%agﬁpﬁépﬁaﬁe i3 can be
A _
el at ?Lif@a%éx twi?éa%%wﬁl&&ﬁ%ﬁ%%ﬁ% HiecribE ﬁia*%ﬁdeé“ "the
cont ol Yo AslEL 446 iR Of | B4 B dPceigRREAl Vel Y,
ck pu ses lerr

wheras t € C to [érr] are cdnsecutlve ang *simlarly

(o 1 | Ko s osnl g Bl eiote) G ikt gigoetiata 4007

fifth exagletbrePyosort tiMle pdridd,the circuit shown in Fig. 21, as a
| After the starting state has ended, the |
control signals A--and_l havo the low and high leveis,

10 respectively, vhereas the clock pulses ¢, to §5 are
consecutively changed similarly to the _foregoing
embodiments. o - . | | ' ' L
The st'.ep ‘down circuit 1 and the voltage |

regulator 2 of Figs. 14 and 16 can be further modiﬁ.ed,

15 to form a fifth example as shown in Fig. 21.
In the circuit shown in Fig. 21, as a -
result of the fact that the clock pulses ¢, to 53

have the low level whereas the control signal A has the

high level at the starting state and upon a reduct:lon ot
20  the battery voltage supply voltage, the switching

~ MISFETs Q, to Q are rendered non-conductj.ve whereas the

switching MISFET Q‘ and the MISFETs 030 and 031 are

rendered conductive. As a result, the control HISFE‘.[‘

01 4 has its drain supplied through the MISFET Q3° with
25  the battery voltage. On the other hand, the capacitor

C, is supplied through the MISFET 0'31' ‘with the constant



result of the fact that the clock pulses [err] to [err] have the | ow | evel
reas the control signal A has the high level at the starting state and

upon-a reduction of 20 the battery vol tage supply voltage, the switching

M SFTs Qerr] to Qerr] are rendered non-conductive whereas the sw tching

M SFET Jerr] and the M SFETs Qerr] and Qerr] are rendered conductive. As

aresult,. the control MSFET (Jerr] has iLssgrain supplied through the

@&

M SFET (ferr] with 25 the battery voltage. On the other hand, the capacitor -

Clerr] 7S subnybedadr gt g MiSHETofl 85" bn nbg constant - 56-

vol tage which is supplied to the err en t starting state has

ended, the control swHerl thehstai6enkO¥tatecha¥hended, ! ReCLoAtroY! SES
[err] to [err] are consecutively changed in simlar manner 5 to the

f oregoi ng enbogignal sA Ras ther Jowglewdldwhehreagi thepoldskopulsé@scapaci tor
Clerr] after the starting state has ended are constituted exclusively of

t he switching #4 SE&TE, Ghrer consegubinviely changedu| in similaposanher to
prevent such voltage 10 and power | osses from being established as will
take plac® in tecthesfonpgeinghemhodiwentperr] is connected in series with
t he chargi ng and di schargi ng paths of the capacitor (Jerr]. Mor eover ,
since the M SFETs Fr?haﬁﬁ and| disehapgingcpathsppfisthei t pecones

sufficient to 15 ner gt e e single,control sign A | urt her
nodi fi ed forns??ﬂ%?gf?ruéhrﬁigﬂf,kﬁgesF?ﬁ pﬁi§g§a$63bﬁn€ﬁépﬁrﬁd to the
respective ste L[ gUi ayg | €8S, +LN the
case where the8%€§¥¥FﬁS£§pé%§%+8ﬂe¥%9t%fbéﬂgegpgiﬁéangbﬁfébﬁﬁs a1 to )

Q,., As a result, it is possible to prevent such voltage

h ¢ . . B

10 and power losses from being established as will take
place in_the_case wheré the M1SFET 030 is connected'in_
series with the charging and discharging paths of the

///;K\. capacitor_c1. Moreover, sinqe the MISFETs QBO and 031
v are operated in phase, it becomes sufficient to
'45 generate the single control signal A.
1n further modified forms (not illustrated), the
.timing pulses’to be supplied to the respective step down
circuits 1 may have two phases. Nevertheless, in the
case where the starting operation is to be performed
20 by the use of the switching means of those step down
circuits or” in the case vhere the step down operations
are ceased by the use of those switching means, it is
~convenient to use three-phase timing puises which can
simultaneously render the MISFETs Q, and'Qz conductive
25 without any difficulty.
Furthérmore,_the circuit of Fig. 16,.which makes
it possible to use the battery to generate a reduced
voltage, can be similarly applied to the circuits of



@20 by the use of the switching neans of those step down circuits or in
the case where the step down operations are ceased by the use of those - .
swi tchi'ng neans, it is convenient to use three-phase tining pul ses whi ch/
can si rrultaneously render the MSFETs JQerr] and err] conductive 25
‘without any difficulty. Furthernore, the circuit of Fi:g. 16, which makes it
possible to use the battery to generate a reduced voltage, can be simlarly

applied to the circuits of - 59 - Figs. 1, 10, 11 and 14. Furthernore,
the differential amplifier 20 of the voltage regulator 2 may be cl ock-
driven to further reduce the curren®®consunption. In this nodification,
the gate control voltage of the 5 M SFET. is maintained by the-

. capaci t or Fé@s-Furt Rt morle, andiel 4boRuklehernore cHpdihefesertiabe widel y
used in such a.small-sized el ectronic device, eﬂ an anal fg?el ectroni c

wat ch or Gi“@]{%’-eé:l e?cﬁr%l\':"‘%va‘f%tw &P?'él%ﬁ‘?%'/ T3Y P9 aF
.';‘t?gggt' on drawn fébrﬂmrgaéeﬁ?éf ngé?enné\b consg’mngon. ﬁnz and 8_3'
CLALNE. Xec'ﬂ) mﬁ? PG HE IS 48, cofEe hdl €35 °f\p?*%§?t node
arranged tbﬁstﬁ:'fs‘ﬂ)p' ised- ﬂ(&irﬁalned by the capacitor Cy-
Furthermore, the above descrlbed embodiments
can be w:.dely used in such a small-s:.zed electrom.c

'dev_:l.ce, e.g. an analog. electronic watch or digital

electronic watch which is driven by a battery.

10 Attention is drawn to our Patent Application
Nos. 83.27324 and 83. 27326 (published
under Serial Nos. 2, and 2, - d

respectively) which have been divided from the present

Applicétion.



a power supply voltage; (b) a second node; 5 ~‘~,,**_Lglﬁgrgigzée
//;M#tching el ement connected between said first nod nd a thi ; (d) a
fi\f\gt ‘capaci tor. connected between 'said third node ;U ”Iw)mm ;(e) a
sec\s\mﬂ sw tching el ement cqQnnected 10 between said ]Ma

ref erence potential poi-nt of said circuit; (f) a third sdﬁtéhiﬂg €l ement

connected between said fourth node and said second node; (g) a fourth
switching el ement connected 15 between-s&od-t hird node and said second

node; (h) a se&gagﬂgapacitor arranged to be charged in accordance with the
|

vol t age whi ch pplied to said second node; (i) a voltage detector for
detecting that 120 sai d paneelegpronicokciaguitaindladiag:t o a predet er i ned

value; (j) a control cirgypt ,f 2L r3U0RLAR adlrahoRd ol HRCQuHP sl Bss o
said first and third switching elenents and substantially Si'nultaneously 25
turning on sai @ PE¥BKISHRBIVoVPLKAGRI‘t chi ng el enents during a time period
mh!ch !s different_fron1ubg aOe con@e ndei;od of sajd f!rst and thirq
Sui el ng, eheent s when R aPaUEL, SRR e e A 3t g
first and fourskidwfirhtngodecaedt a, thiied swideé;voltage has detected that
the power supply VC_" tage(§3saf 2ibeR REHAW;$Yd RHELRLATHAGhER Waia
third node and a fourth node; '
_ {e) a second switching element connected
10 between said fourth node and a reference potential
point of said circuit;
(£) a third switching element connected
between said fourth node and said second node;
(g) a fourth switdhing element connected
15 between said third node and said second node;
Vs ~ ' (h) a second capacitor arranged to be :harged
g /\Y%< in accordance with the voltage which is supplied to
said second node;
'(i) a voltage detector for’detectihg that
20 said power supply voltage has dropped to a predetermined
value; . _
(j) a control circuit for Substantially
simultaneously turﬁing on said first and third
switching elements and'substAntially simultaneously
25 turning on said Second and fourth switching elements
during a time period which is different from the "ON"
time period of said first and third switching elements
when said power supply voltagé is higher than said
predetermined value, and for simultaneously turning_dn
30 at least said first and fourth switching elements,
: dececkor .
when said voltage; has detected that the power
supply voltage has'fallén below said predetermined -
- value.
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- 61 - Z. —Ametectronic circuit according to claim1, further

~I ncl udi nHMm' ator responsive to the voltage which is supplied -
to said lmm'nﬂﬁmrder to suppl ¥ a éonstant voltage to said secope”§ -
‘capacitor? ¥ t M sAn*electronic circuit according to claim 2, wher ei 1Y
said voltage detector is arranged to detect the voltage at said first node
when the voltage supplied to said second node becones substanti-ally equal
to the 10 constant output voltage of said voltage regulator. 4. An

“electronic circuit accorditng to cta®Mm=3, wherein said voltage detector is

rendered operative by the 'voltage which i's, supplied,to said_first node. 5. -
' gg t;g

An el ectroni @«circuit AEARFHHFIRIG GFFFRLL 1 Eding £9i 9134M: Lee

.detecting cirfiisthds IdTleitsy a voltage reguld£6Hi téspbhyiopetotive. 6.

An electronic .circut accardi.ng,to . claimJl, wherein said.fir t fourth_'
swi t ching el eSO LARET | ‘F}hg{ﬁ a?‘é%paigﬁ?% ??e?ﬁléf?sg?g?rgﬁélgétgf's. 20 7.
An el ectroni omdexiao supplyliagconscant nvél tagerednsaiddseceond, third and

fourth swftchifyd &l«&fEents conprise first conduction type insulated gate
field effect transistors; and wherein said second sw tching el enent

\m_ﬁp;} ises a S?.P?”dtcon%t%%%ﬂ&@i% né:%li_:é\ﬁﬁtg Qécé'ié&iﬂgef:i)eé?&aiﬂtaﬁi stor

ich is opposite to sajd fiyst copductjon type. B. : electronic
circuit accortSkfP¥d dﬂ%itﬂg?ké%fﬁﬁtﬁﬁiﬁ% i?ﬁ?ﬂg?dmﬁgrgﬁﬁeggid first
node i s suppltad woktaddaatvosdbdef bfsta hodé ewlyen 36he9voltage sAppdliedtronic

cireui t accorg ng {f £l SrodlBELImE SuBBLLFEYal By2ekihdi ¥B BRI €T Y-

10 constant output voltage of said'voltage'regulatqr.

4. ~ An electrqnic circuit according to claim 3,
wherein said voltage detector is rendered operative
by the voltagé which is supplied to said first node.

5. An electronic circuit according to claim 4,
15 wherein said voltage detecting circuit is rendered o
intermittently operative. S - R

6. An electronic circuit according to claim 1,
wherein said first to fourth switching elements
comprise insulated gate field effect transistors.

20 7. An electronic circuit according to claim 6, .
wherein said.firSt, third and fourth switching elements
comp:iSe first conduction type insulated gate field
effect transistors; and wherein said second switching
element comprises a second conduction type insulated

25 field effect transistor which is opposite to said
first conduction type. _ |
8. . ~An electroniq circuit according to any one
of the prededing claims, wherein said first node is
suppliéd with the voltage of a batte;y.

30 9. An electronic circuit acébrding to claim 8,

wherein said battery is a lithium battery.

10. An electronic watch powered by an electronic
circuit according to any one of the preceding claims.
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t10. An el ectronic watch powered by an electronic circuit according toégé
An el ectronic circuit

.any one of the preceding clains. - 62 -
copstructed and arranged to operate substant i aI I yumlmm&"lumf&u bed wi th
refﬁtence to and as illustrated in Fig. 16, or by Fig.
20, of the acconpanying 5 °~ draw ngs.

- 62 ~-

11. An electronic circuit constructed and
arranged to operate substantially as herein described
with reference to and as illustrated in Fig. 16,

or Fig. 16 as modified by Fig. 20, of the accompanying

5 drawings.
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