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WEBHJ.L JlOWBl\ 61JPPLY Cl:BQUl'J! 

BAOICGllOUND OJ! ~as XHVBmXON 

1. Pield of 1:he xnvent:Lon 

Cf b' I o':) ';:) --o 
(\?() .r 

'rhe present iuvent:Lon relates_ to a powe21. 

aupp1y oU:atd.t, mo:.:a pa:ctioul.m:J.7 roi~tea to a booster 

airesa:lt generat:Lng a in1t:ago highm: than"an extema1 

po~er tiupp1y vo1taae bJ' raising the vo1tage f:com the 

ext'emal. power suppJ.y w1tage o:r: a down 9onv=tm: or 

othe:r:·Da (direat cnmrent)-DC aonvertm- genm:at:Lng a 
. . 

vo11:age 1owm: than the ez.te:r:nal. pow= supply v911:age b:r 

iowemg the ~o11:age e:om.th~ extern~ power supp1y 
. 

voltage. 

2. Desm::Lp1:1on oi the Re1ated Avt 

Xn reoent yem:s, 1:b,e pxaaot:Lco m BBPD.OHEi. 

flash mmo:s::Les. · and othm: J:ead onJ.y JaeUloJ::l.~s whS.oh . aan 

be eleotJ:iaa11y J:em:i.1:t:eit bas been ·to sqp].7 onlJ' a 

s:tngle 1ow pow~ supply onitage e:om.. the-toutd.do, . 

geneate · :Ulld.cJe tho old.p an :tn.tex:ntll vol.ta.ge hi.ghtm 

than the vo1i:age ll\1Dplie4 ft:om f:ha 0111:8£.de, and lm:Lte 
. . . 

da:ta into the memoi:r by the high vo1tage inside the 

obip. 

However. the voltage of! tho extm:nlll. power 

~p1y 1.s bei.Dg 2:e4uae4 as 11 go11021al. tJ:end im4 t:he 
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~oost1.ng effioienoy drops the iowor the vo1tage. 

~erefore, 1.t has not b6en posaib1e to generate an 

internal boosted voltage having a auff~o:ient power. 

On the otheJ: hand, the external. power supply 

used is usua117 a 5V single power.sapp1y. but ~t.has 

become neocssary to operate s~n4uotor devices at a 

1ower :Lnterna1 vo1tage due to the des.:Lre to deal w1.th the 

deteri.orat1.on of the vo1tage resistanoe of sem1.oonduotor 

d~v1.oes aoaompany-~ng higher ~ntegration and the des:l.re to 

reduoe the power oonsumption. 

HoweveJ:. the loss aausecl by the operat:Lon 

of a power suppl~ o~uit in the oh:Lp j,s l.arge and 

obstruats the :z:e.4uot1.on of the powex- oousumpt1.on. 

SUHHARY OE' 'lHB_XNWN~ION 

.An object of the present :Lnvent~on is to prov~de a 

powe~ supp17.01r~t ab1e to deorease tho number of 

charge pUlllpi.ng .. oirouita used for obtd.ning a desired b:igh 

vo1tage by inorcaaing the efEi.oi.~noy of ~sing o:z: 

lowering the voltage and to g1.ve a stable output vo1tage 

with a low powei- loss. 

Aocording to one aspect o~ tho p~esent invention, 

there :ls provJ.4ed mi .internal. power supp1y a.t.:coui.t 

oomprJ.sing a p1ura1ity of charge aooumu1ating means, a 

1!1.rat power oupp1y termina1, a seoond power aupp1y 
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termina1.-a first. sw~tohing means for oonneoting the 

pl.aral.ity of oharge aooumuiating means in para1l.e1 to 

each other in a f:lrst state. and a seoond sw:Ltohing means 

for connecting the pl.ural:Lty of charge aoawaulat:l.ng means 

in aeries w1.th each other in a s~cond state. and.a 

control means for energizing the first switching means 

or the second switching means :Ln response to the first 
. . 

state or the second state to connect the pl.m:al.ity o:f 

charge aooumu1at~ng aeans between the f:l.rst power 

suppl.y terminal and the second power suppl.y terminal.. 

and for 4eenerg1zing the f~rs~ switob.1.ng means or the 

second sw1.tohi.n~ means i.n response to the f:Lrst state or 

the second state to disoonneot the pl.ura1ity of oharge 

accumal.at~ng means between the f:Lrst power supp1y 

tel:lllnal. and the second power supp1y teJ:m:l.na1. the 

oontro1 means repeating the energ:Lz:Lng and the 

deene.rg:Lzing. 

Preferab1y, the Ch_arge aooumu1ating means are 

oonst:Ltuted by oapao:ltors1 the fi.rst md.tohing means is 

constituted.by a third switob.1.ng means and a fourth 

sw:lt~!.og means1 and a part:l.a1 booster o:Lrcu1.t 1.s 

oompr:Lsed by a capacitor connected between a f1.rst node 

and a seoond node, the thi.rd sw:LtcbJ.ng aeans conneoted 

between the f :Lrst node and the f.2.rst power aupp1y 

term1.na1. and the fourth sw1.tah1ng means oonneoted 

• 



4 

between the aeoond node and the seoond power supply 

te%1llna1; a pl.ura1ity of the part1.al booster c.:Lrou1.ts .:Ls 

prov1.ded1 the seoond sw1.tohing means ho14s :Ln a non-

oonduot.:Lve state the f1.rst node of a front part1.al 

booster oirou.:Lt and the second node of a rear part:La1 

booster cirou:Lt 1.n the f1.rs~ state and ho1ds them 1.o a 

oonduot:Lve state :l.n the second state1 the first sw:ltchi.ng 

means oo•pr:Lsed of the ~ sw:Ltcb~ng means and the 

fourth sw1.toh:Lng means being.held :Ln the oonduot.:Lve state 

and the second sw:Ltoh1.ng means being he1d in a non-

oonduotive state J.n the fust state; Qd.the fJ.rst 

sw:l.toh:Lng means oomprJ.sed of the th:Lrd sw.t.tch:Lng means 

and the fourth aw.:Ltoh1.ng means being held in the non-

aonduct:Lve state and the seao~ sw1.tobJ.ng means being 

he1d :ln a aonduct:Lve state :Ln the second state so as to 

:use _tho vo1tage between the f:l.rst power suppl.y termina1 

an4 the second power supply texm:lnal. 

fte UlternaJ. power suppl.y oirou:Lt Of the present 

:Lnvention further oomp::Lses a b:Las:Lng means oonneoted to 

the second node of the 1.ni.tial. stage part:Lai booster 

o:Lroait for ho14~ng th~ seaond node at a_constant 

potential. and a reot~fying means connected between the 

first node of the f.:Lna1 stage part~a1 booster a1.rouit and 

a boosted voitage output term~nal. 

Preferabiy. the biasing mean• ~. oonst~tuted by a 
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sw1.toh1.D9 means set in the oonduot:Lve state when the 

first switching means comprised of the third and fourth 

sw1.tch:Lng means is non-conduat:lve. 

Preferab1y, the f.irst power supp1y termina1·i.a a 

positive pow~r supply texmiila1 an4 t~e second power 

supp1y terad.Da1 1.s a negat:l.ve power supp1y te:cm.1;na1, the 

constant potential 1.s the potentia1 of the first power 

aupp17 term1na1, the bias1.n9 means :l.s a rectifioat:lon 

element aonneoted so that a 41.reot~on from the first 

power supp1~ toward the seoond node.of the in:l.t:la1 stage 

partial booster circuit becomes a forward d1rection, and 

the reot1ficat:l.on element is connected so that a 

di.rect1.on from the first no~e of the.f1.na1 stage part1.a1 

booster·o1.rou1.t toward the output term1.na1 becomes the 

forward d:lreat1on and supp1:les the pos:lt:lve boosted 

vol.tage to the output·tez:mi.nal. 

A1tm:nat1.ve1y, the f1.rst power suppl.y terminal 1.s 

a negat:l.Ve power supp1y.t0rmina1 and the second power 

supp1y terminal :Ls a positive power supply teJ:'IDi.nal, the 

~ constant potential is the potent:l.al of the second power 

supp1r tenaina1, the b:lasing means :Ls a rect1.f:l.oation 

element connected so that a direat.ion from the second 

node of the f~st stage part~al booster a~rou~t toward ·' 

the f:l.rst power supply teJ::mina1 becomes the forward 

41.reat~on. and the reat~float~on eiement ~· aonnea~ed so · 
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that a 41.reotion from the Gutput teJ:lld.nal to the f 1.rst 

node of the final stage partia1 booster oi.rouj.t becomes 

the forward direction and supplies the negative boosted 

voitage to the output terminal. 

Pre:ferab1y, the third sw.:LtclUng means is 

aonst~tuted by a first oonduat~•:Ltr type insuJ.ation 

gate type fi.eJ.d effect trans:Lstor with a gate e1ootrocle 

aonneated to an 1.nput terminal of a f:l.rst a1ook, w:Lth 

one di.ff usion 1ayor connected .to the f ~at power 

supply, and with another diffUsion 1ayer connected to 

the f:Lrst node of the partia1 booster oi.rou:l.t; the 

fourth switching means is aonstituted by a first 

aonduativity tJ'Pe insulation gate type·fie14 effeot 

trana:Lstor w:Lth a gate e1eotro4e aonneoted to an input 

~ ;_~ te111d.D.a1 of a aeaon4 o1oak, wi:tb. one dJ.f£u.s1.on l.ayer 

oonneated to the seaond power suppJ.7, and 10.tll. another 

41.f'f us:l.on J.ayer comieoted to the second node of the 

part:Lal. booster ciroui.tJ and tb.e second swi.talUng means 

1.s aonst:Ltuted by a second conductivity t71'e insu1ation 

gate type field ~ffeot trans~stor wi.th a gate e1ectrode 

connected to the input terminal of a thi.rd o1ook. 

Preferab1y, the b:Lasi.ng means :Ls constituted by a 

seoond oonduoti.vity type insu1at1.on ga~e type fie14 

effeot transistor w~th a gate e1eotro4e oonneoted to 

the :Lnput teua1.aa1 of a third olook. 
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Preferably, an ampl1.tude of.the first olook is set 

larger than a potential difference between the first 

power supply terminal. and the second power supp1y 

t:erm.nal. 

Preferably, the first power supp1y te:cminaI:·J.s a 

pos:Lt1.ve power supply t·erminal. and the first conduotiv:Lty 

type insulation gate type field effect transi.stor 1.s an 

n-oha.nnel. tJ"Pe transistor and is held at a higher 1eve1 

than the fJ.rst P~"er supp1y teJ:'lllna1 voltage in a high 

1evel. aeoti.on of the f:Lrst olook. 

A1ternat:lve17, the first power supply :Ls a negat1.ve 

·power _.upp1y term1.nal and the first ~onc1uct1.v1.ty type 

:l.nau1ati.on gate type f :leld e1!feot transi.stor 1.s a p-

ob.annal type transistor and is.he1d at a low~ 1eve1 than 

the second power supply teJ:.'mi.nal vol:ta.ge in a l.ow l~ve1 

aeat:lon of the f!.rst ol.ook. 

Pre£erabl7, the second ooncluotiv:l.ty type :Lnsu1at:Lon 

gate type £~e1d effect trans1.ator oonsti.tut:1ng the aeoond 

switall1.ng means 1.s formed :ln an .1Ddependent well. 

Preferably. the b:lasJ.ng means :La a second 

oonduot1.vi.ty t-ype insulation gate 't7Pe fie14 ef£eot 

transistor f o:cmed 1.D the same well as that for the second 

ooncluot~v~ty type insu1ator gate type £1e14 effeot 

transistors oonst1tutJ.ng part of tb,e peripheral. 1og1o 

o.i.ro.Ut. 

• 
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Aooord1.ng to a second aspect of the present 

1.nvent1on, there ~s prov~ded an ~nteJ:Da1 power suppiy. 

ououi.t aompri.sing a fi.rat power supply terminal, a 

seaond power supply terminal, a f1.rat node, a second 

node, a oapaoitor oonneoted between the f:l.rst node and 

the seoond node, a f1rst switchi.ng means connected 

between the f1rst node and the first power supply 

te~iDal., a second sw~tcbing means connected between the 

second node and the second power supply texmi.nal- a 

b~aa:Lng means oonneoted to the second node and biasing 

the node at a aonstant potential, and a reat.:lfying means 

connected between the f1.rst node and the boosted vo1tage 

output te:cminal, the first and second switching means 

being repeatedly·set in the conductive state and the 

non-oonduot1.ve state to be over1apped thereby to output 

a boos~ed voltage to an output teJ:'IDinal. 

Preferab1y., the biasing means is ·e.-·-reotlf:Loat:ion 

e1ement oonneate4 so that a di.J:eat:Lon from the first 

power supp1y toward the second node becomes a forward 

dS.reotion, and the reotify1.ng means .:Ls connected so that 

a di.rect.:Lon from the fi.rat node toward the boosted 

vol.tage output terminal beoomes tile forward clireot1.on. 

Preferab1y. th~ bi.asi.lag means 1.s a reoti.fiaat.:Lon 

element oonneoted so that a d1.reot~on from the seooqd 

node toward the f:t.rst power auppl.y becomes a £oz:war4 
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41.reat:Lon, and the rectifying means 1.s connected so that 

a d:1reot1.on from the boosted voitage output termina1 

toward the f:l.rst node becomes the forward d1reot~oa. 

Preferabl.y, the charge aoouaaalat:Lng means ~-

constituted by capacitors; the capacitors are connected 

in ser:Les between the first and second power supp1y 

te%'11li.Da1s and then are aharged in the second state; and 

the oapao1tors are connected ia para11el between the 

seoond power supp1y terminal and a down voltage output 

termi.nal :Ln the first state to thereby obtain a voltage 

between the f.irst and second power supply term~aal. 

Preferab1y, further there is provided a switching 

means oonneat:t.ng to an external. power supply between 

the voltage of the first power suppl.y terminal. and the 

voltage of the second power supp1y terminai.· hav:lng at 

least one sub-power suppl.y of a potential. lower than 

the ez1:erna1 power supp1y, and operat:iona117 aonneots 

the external. power supp1y and the sub-power suppl.y and 

of a means for aeguent1.a1l.y sw~tching the oonneot~o~ 

and nonoonneotion state from the sw1.tohi.ng means 

connected to the externa1 power suppl.y to cause 

charging and disaharg1.ng of the oapaoJ.to~s. 

P.ref erably further there is prov.lded a 111eans for 

sequentially aw~tahing the oonneot~on and nonoonneotion 

state from tbe switoldng means oonneote4 to the sub-
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power supply to cause charging and clisoharg1.Dg of the 

capacitors. 

Pref erabl.y further there is prov.ided at lea.st two 

arrangeblents of. ·a plura1i ty of capao.itors 'lfldoh are 

switohed between the serial. conneot:Lon and parallel. 

connection based on a clock s:Lgnal and clock s1gnal.s 

having :l.nverse phases .are supp1ied to the above. at 

I.east two arrangements. 

Preferab1y, the capacitors are composed of 

ferroeleotrio oapao1.tors, Jngh cliel.eotr:Lc capacitol:'s, HIM 

(metal-insu1ator-meta1) conf:Lguration oapaoJ.tors, DRAM 

trench and stack capacitors. p1anar capao:Ltors, external. 

capacitors, or HIS (metal-insulator-sem~oonduotor) gate 

oapao:Ltol:'s. 

Aooor4:1.Dg to the present :Lnvent.1.on, bJ' sett:Lng the 

f:lrst anc1 seoond sw.:t.tohing means .1.n the oonau<re:l.ve state 

and aett:Lng the third swJ.tch1.ng means 1.D the 

nonaon4uot~ve state, the oapaoitanoe element o~ each 

booster stage is charged to the clifferential.-voltage 

1eve1 between the f :l.rst power supp1y and the second 

power supply, then the f~rst and seoond awitcll.1ng means 

are changed over to the nonoonduative state and the third 

aw:Ltoh~ng means is ohange4 over to the eonduot~ve state, 

whereby the oharged oapao~tanae· eiements are oonneoted in 

series between t~e constant potent~al. and the output 
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te~nal of tbe power supply circuit and a positive or 

negative boosted vo1tage is output to the output terminal 

of the power sapp1y airou~t. 

Por this reason, the loss of the boosted voitage 

becomes on1y the vo1tage 4rop of the rectification 

e1ement oonneate4 between the fi.na1 stage and the output 

tei:m1.na1, the reduction of the boost1ng eff1o~ency 

accompanying the rise of the threshold vo1tage due to the 

substrate b1as:Lng effect can be avoided. and a reduction 

of the number of the booster stages for obta1.n~ng a 

des.ired h:Lgh vo1tage and a shortening of th~ rising 

time of the boosted voltage can be aohi.eved. 

Further, according to the present :l.nvention, the 

value of the external power supp1y voltage ~s deteotea br 

a detecting circuit and the number of connections of the 

plaral.1tr of capao~tanoe e1ements is swi.tOfiea--:1.n 

aooorclance w1th this detected voitage. 

irhen, the number of the aapa~tanae elements set in 

aaoordanoe w1th the detected vo1tage are connected :ln 

series between the externa1 powe:r: suppl.y and the 

ref erenoe power supply and next connected ~n para1lel 

and, at·the same t:lme, the oonneotion and nonoonneot~on 

states sequent~al1y sw~tahed from the swito!d.ng means 

connected to the etterna1 power auppl.y to perf ona 

charging and 41.sobarg:l.ng, thus an output voltage of a 
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vaiue between the external. power supp1y voltage and the 

reference power supply voltage is obtai.ned. 

A1so, the sw:l.toh1.ng between the ser1a1 oonneot:lon 

and para11el conneot:lon·of the oapaoitanoe elements is 

aarr:Lecl out based on the alook signal.. Further. two 

systems of the p1urality of capacitance elements are 

respeat:l.ve1y dr:l.ven by ol.ock s:l.gna1s having :l.nverse 

pbases. to eaoh other. By th:ls, the r~pp1e aoaompanying 

the l.oad ourrent oan be l.owered. 

A1so. the oapac:l.tanoe e1ement :l.s comprised by an 

e1ement hav.t.ng a high relat:lve d.ieleotri.c constant such 

as a ferroelectric oapao:ltanoe, whereby the power ioss is 

re4uaed. 

BRIEF RBSCRZP~XON OF ~E DRAWINGS 

fteae and other objects and feab~re.---o:fl!he present 

invention w~l.l. beaome more apparent fro• the f ol.1.ow:lng 

clesor:l.pt~on of the preferred embo41ments made w1th 

reference to the clraw:l.ngs, in whi.ch: 

P~g. 1 :ls a aircu~t 4:1.agram of an examp1e· o:f an 

:lnner power supp1y airau:l.tJ 

Pig. 2 is a aircU1.t di.agram of a fi.rst embod:lment 

of an ~nner power supp1y oircu~t according to the present 

invent.ion: 

P~g. 3 ~s a o.irou~t diagrBJD 0£ ~he oonfigurat.ion of 
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a booster stage of the fi.rst embodim~nt shown :ln F~g. 2 1 

P:l.gs. 4A to 4.1 are tf.m;Lng oharts of the power 

suppl.y ai.rou.it of the f:Lrst embocl:l.ment Shown .in !':lg. 2.: 

F:l.g. 5 :ls a c;Lrcu:lt cU.agrana of an exmapl.e of a 

a1ook generat:l.ng oirouit supply:Lng a clock signa1 to 

the power supp1y oirou:l.t of the f:lrBt embodilaent shown 

:f.n !'J.g. 2' 

Fig. 6 :Ls a o.irouJ.t diagram. of a boosting ol.ook 

generator used :l.n P:lg. S; 

Figs. 7A to 7H are timing charts of an operat:l.on of 

the ol.ook generatf.ng circuit shown in Fig. S; 

!':l.g. 8 :La a oircuit di.a.gram of a second emboOiment 

of the power suppl.y o:l.rou:l.t aaoord:l.Dg to. the present 

:l.nvent:lon; 

Fig. 9 :Ls a o:lrouit diagram of the aonf:l.guration of 

the booster stage of a second embocU.Dlent shown :ln Fig. 8J 

F:Lgs. lOA to· 10J are t:Lmlng charts of the power 

supply a:Lrcui.t of the second embodiment shown i.n Fig. 8; 

Fig. 11 :Ls a oircu:lt diagram of a boost:Lng ol.ook 

generator used in F:l.g. 8; 

Figs. 12A to 12B are timing charts of an operation 

of the oiook generat:Lng oircui.t shown :l.n P:lg. 8J 

F:l.g. 13 :Ls a oirou1.t d:Lagrem o:f a. fundamental. 

oonf:Lgurat~on of a ser~es regu1ator as a down oonverter 

used as an ~nternal low voltage power supp1y oi:rouit; 
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Fig. 14 is a oiroui.t diagram of an ex81Qple of the 

ao~figuratioo of a oapao~tor sw.:LtcbJ.ng type down 

aonvex:ter1 

PJ.g. 15 is a o.1.rcuit diagram of a thi.r4 embodiment 

of the down converter according to the present invention; 

Figs. 16A to 16J are t:Lm1.ng oharts of an operat1on 

of the third embodiment shown in FJ.g. 15; 

J!".1.g. 17 :Ls a ciro1U.t diagram of an example of the 

OODf.1.guration Of a power supp1y circuit for 0.25 Vaa 

aoaord1.ng to the present :Lnvent1.0n1 and 

Fig. 18 is a ououit <11.agram of a fourth embocliment 

of a down converter ~ooor41.ng to the present invention. 

PESCRR~ION OP ~BB PRB!'BRRBD EHBODIHBN"lS . 

Eras:L.ng or wr1t.:l.ng an e1eotrica1l.y ei;'8.Ba.b1e and 

programmab1e read on1y memory such as an .-BBaOH or i:iash 

memory reqai..res a vo1tage h:lgher than the suppl.:led 

voitage. Therefore, various power suppl.7 airouits have 

been devised. F.:l.gure 1 is a oirouit 4.:1.agram of a 

representat1.ve ezampl.e of a conventional power supp1r 

oJ.roui.t aonstituted by a booster oircu1.t. 

Note that. in Fig. 1. Ml to M' are n-abanne1 'tl'Pe 

HOS trana:Lstors •. and CL is a 1oad capao.:Ltor. 

As i11ustrated. the power aupp1y o:t.roui.t 0£ P.:Lg. 1 

is aanst~tate4 by oonneoti~g a plural~ty of stages 0£ 
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part.ia1 oirouits {booster stages) each comprising oBe 

oapacJ.tor. for exampl.e. C2. and one DMOS trans~stor. for 

ez:amp1e, H2 • .in serJ.es. 

one of the e1eotrodes of each of the oapaci~ors c2. 

C3, C4 oonstitut1.ng a booster stage are conneoted to a 

common connecting point of the gate e1eotrodes and drain 

di:ffus1.on 1ayers of the nHOS transistors H2. M3. H4. '.rhe 

other el.eotrodes of the capacitors C2, C3. C4 are 

a1ternate1y connected to e.ither of supp1y 1in.es of the 

o1ooks 81 and 02. ~e comm.on conneot~ng point of the gate 

e1ectrodes and drain cU.ffusion 1ayers of the cU.ode-

connected n~ohannei type HOS transi.stors consti.tuting 

the b~oster stages is connected to the source CU.ffUsion 

J.ayer of the n-ohannel. tne MOS transi.stor o:f the 

booster stage.of the front stage. whi1e the sourcse 

di.f:fus.ion 1ayer is connected to the csomm~~ connect:l.ng 

po:lnt of the gate e1ectro4es and the. _drain diffus1.on 

1ayers.of the cli.ode-oonneoted n-ohanne1 type HOS 

trans.istors of the nezt stage. 

Further. the order of connection o:f the o1ooks 81 

and 82 1.s one where the odd number stages of the booster 

stages are connected to the o1ook 91 and the even number · 

stages are oonneated to the o1ook 02. 

'The above power supp1y a.irou~t aonst~tuted in tbj.s 

way attraats the·. aharges f"rom a semioond.aator substrate 
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on wbj.oh a power supp1y voltage Vee and the present 

o:lroui.t are formed by giving the· o1ocks 81 and 82 by 

inverse phases and supp1iea a boosted voltage VOIJ'l' to an 

output terminal. ~on• 

In above-described power. supp1y oirooit, a 1arge 

number of stages of the cli.ode-oonnected trans~stors are 

nee4e4 for obtai.ning a desi.red h1.gb voltage since a 

forward direction vo1tage drop corresponding to the 

threshol.d vo1 t.age v"' of the DM9S transistor 1.s caused. 

Part.1ou1ar1y, the nearer to the output termina1 'l!OUT of 

the power supp1y airouit, the 1arger the reverse 

direction potential cliff erenoe between the source and the 

substrate, so the 1arger the substrate biasi.ng ef£eot and 

the more . the tbl:eshol.d vo1 t_age V •· 0£ the trans:lstor 

ri.ses. 'fherefore, there is a disadvantage that the 

boosting e£t1.aienoy ~s conspiouousl.y 1owere0. even ti the 

number of stages u i.noreased. 

Preferred embodJ.ments of the present invention wil.1 

now be esp1ai.ned .in further detail. with referenoe to the 

drawJ.ngs. 

Figure 2 is a o1rou1.t diagram of a first embodiment 

Of the power supp1y oircu1.t according to the present 

:Lnventi.on. 

Xn F1.g. 2. CLK1 • CLK2 , and CLK1 denote cloak 

s:Lgna1s, 'l'cr.ct. !'~z, and Tcr.c, 4enote al.oclt a:Lgnal. input 
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terlllna1s. P'.r1 deno~es a p-ohanne1 type (pHOS) 

trans:Lstor serving as a b:l.asing means, P!'z and PT
3 

denote pMOS transistors serving as the third sw~tohi.ng 

means. PTL denotes di.ode-oonneoted pMOS trans:Lstor, _ NU
1

• 

NU2 , and N03 denote n-ohannel. HOS (DHOS) transistors 

serving as the f:Lrst sw1. tohin.g m.eB11s. NL1 , HL1 , and NL
3 

denote DHOS trans~stors serving as the second switobi.ng 

means. ~, Ka, IC
3

, L1 , · L
2

, and L
3 

denote nodes of the 

booster stages, C1 , C2 , and C2 denote oapaoitanoe 

e1em.ents (capacitors) for boost.ing,_CL denotes a 

paras:lt:Lo oapao:ltanoe of the 1oad,. and 'roe denotes an 

output teJ:lllll1al. of the boosted vo1tage voU'I!• 

Rote that the pow~r supp1y circu:l.t shown :Ln P:Lg. 2 

:Ls constituted by the booster stages shown ~n Fig. 3. 

Here, llll ezpl.anat;Lon wi.11 be gi.ven o~ the 

aonfigurat:l.on assuming that the booster stage-Sb.own :Ln 

F.lg. 3 :ls a booster stage of the 1.-th stage. As 

1.11uatrate4, the booster stage of i-tb. stage :Ls 

oonst1.tuted by a oapaoitor_ C1 ,. nodes K1 aod L:t., and nHOS 

transistors NU£ ancl RLL. 

'.rile oapaaitor C1 is oonneoted be:tween the node ~ 

and the node Ls.• 

The gate eleotrode of tbe DHOS trans:Lstor NU1 is 

oonneated to the.~nput te1:111~na1 0£ the oiook e~gnal CLK1 , 

one a.tf fus:Lon iayer is connected to the supply line of 
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the power supply voltage Vee• and the other diffusion 

layer is connected to the node L~. 

'rhe gate eleotrode of the nMOS . trans:l.stor NL._ is 

oonneoted to the i.nput texminal of the o1oak s:l.gna1 CLitz, 

one diffus:l.on layer is oonneoted to the node k1 , and the 

other diffus:l.on 1ayer is connected to the ground 1ine. 

'fb.e power supp1y o:Lrcu:l.t shown in Fig. 2 :Ls 

configured with three stages of the booster stages shown 

in Pig. 3 connected in series. 

As illustrated, the node K1 of the booster stage of 

first stage is connected via the pMOS transistor PT
1 

to 

the supply 11ne of the power supply vol.tage vc:c. Namely, 

the souroe e1eotrode of the pHOS trans~stor PT1 is 

aonneoted to the supply line of the power supply voltage 

V cc' and the drain e1eotrode .is connected to the node lt1 • 

The gate e1ectrode of the pMOS transistor .. P-T
1
-4.s 

oonneote4 to the :l.nput terminal Tcr.o of the oiock signa1 

CI.It.· 
'l'he node LL of the booster stage of the first stage 

:ls connected vi.a the pMOS trans1.stor P'.r1 to the node Kz 

of the booster stage .of the second stage. Nmaely. the 

source e1eatrode of the pMOS transistor PT1 is conneoted 

to the node L1 of the booster stage'of the first stage, 

and the drain eleotrode is oonneoted to the node It:i of 

the booster stage of the seoond stage. 
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'the gate eleotrode of the pHOS transistor P'.f 1 is 

connected to the input teraaina1 'l!eu:3 of the cloak signal 

CL~. 

'l'he node L2 of the booster stage of the second 

stage 1.s connected vi.a the pHOS transistor P'l'3 to the 

node ~ of the booster stage of the th~1'l stage. 

Hame1y, the source e1eotrode of the pHOS transistor PT,. 
• 

:Ls connected to the nocle L2 of the booster stage of the 

second stage, and the dra~n e1eatrode is connected to 

the node lt3 of the booster stage of the tbi.rd stage. 

'!be gate e1eatrode of the pHOS_trans:Lstor P'l!3 is 

connected to tbe .input te:cmina1 ~c:u:t of the o1ook s1.gna1 

CLB:,.. 

~e node L3 of the booster stage of the 'th.i.rd stage 

is oonneated via the pHOS transistor PT~ to the output 

tez:mina1 Ton o:f the power supp1y o:l.roui.t. Hamel.-y, the 

soaroe e1eotrode of the pHOS trans1.stor P"rL :Ls aonneote4 

to the no4e L3 of tbe booster stage of the t~1.rcl stage, 

and the Grain e1eatro4e :Ls connected to the output 

termJ.nal. 'l!OU'I! of tbe power supply oircui.t. 

The gate e1eotrode of the pMOS trans~stor P'l!L 1.s 

oonneoted to the output term~na1 'l!OU'l' commonly with the 

drain el.eotrode. Namel.y, the pMOS transistors PTL are 

tiode-oonneotecl. 

Further, the output term1.na1 "?001' i.s grounded vi.a 
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the l.oad oapaoi tor c,. 

Note that. in th~ power supply oirooit shown .1n 

!':lg. 2, the pHOS transistor P'l'1 serving as the b1.asing 

means is for example formed in the same we1l. as that of 

the other trans:Lstors aonstitut:l.ng the per:Lpherai 

oirou~ts of the power supply oirou:l.t. pKOS trans~ators 

P'r2 and P'r3 are fonied in eaoh 1.ndependent well. as the 

th::1.r4 sw~tehi.ng means. 

Be1ow, an·expl.anation wil.l be made of the boost.:l.ng 

operat:Lon of the power suppl.y o1.rou1.t hav1ng the above 

aonf:l.gurat::l.on referring to the tim:Lng chart of Figs. 4A 

to 4J. 

At the ti.Ille o:f ~e boosting operation. a o1ook 

s:l.gna1 CLK1 .is supplied to the gate e.leotrodes of the 

nHOS transistors NU,_. RU2 • and NU1 oonst:Ltuting -the 

booster stages. As shown :Ln Fig. 4A, the ldg~-evel. of 

the al.oak signal. CLKi. :Ls hel.d at a b1.gher l.evel. than 

the power suppl.7 vo1tage Vee• :for exampl.e. a potent:Lal. 

0£ (Vee+ V"'). Rote that. here. V'l'll :ls a threaho1d 

voltage of the DHOS trans.:lstors HUi• N01 r ·and NU, .. 

For th:Ls :reason. When the alook s:lgnal. CLK.i is he1d 

at; a hi.g.h leve1 .. a vol.tage higher than the power suppl.y 

vol.tage Vee• :for ezamp1e, a voltage of (Vee+ V'rll)~ is 

supplied to the gate el.eotrodes of the nKOS transistors 

R111 • NU
2

• anc1 RU, aonat1tuting the booster stages. The 
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cJrai.n e1eotrodes of these trans:Lstors are he1d at a 

potential of the same 1eve1 aa that of the power supply 

voltage Vee• 

_ '!he o1oak s:l.gnal. CLlt1 suppl.1.ed to the gate ·· 

eleotrodes o:f the nHOS transistors HL1 , HL2 , and NL3 

constituting the booster stages is held at a high 1eve1 

and 1ow level :l.n synohron:Lzat:Lon w.:Ltll the clock signal 

CLK1 • Rote that, the high level of the oloo~ s~gnal. CLE~ 

1.s hel.d at £o:c example the power supp1y vol.tage Vee 

level.. 

·1111en both of the olook s:Lgnal. CLIC1 and ol.ock s:l.gnal. 

CLKa are held at the high level., a1l. of the nHOS 

oonst::Ltuting the bC?oster stages are set :Ln the oonduot.:Lve 

state, and the al.oak s:l.gnal CLIC
3 

supplied to the gate 

el.eot:codes of the pHOS trans:l.stors_ P't1 , P'l'2 ..- and P'r3 

aonneoted between the booster stages .:l.s he1d at a IU.gh 

-1eve1, for example, the power suppl.7 voltage Vee level. 

therefore all of these pHOS transistors P~,. P~2, and P~a 

are he1d :Ln the nonoonduot.:l.ve state •. 

Due to th1.s,, during the per:Lo4 f!rom a time t 0 to a 

tme t 1 .shown :ln 1"1.gs. 'A and 4B, the o1ook signal. CLIC1 

and the olook si.gnal. CL~ are he1d at a h:lgh 1eve1. and 

the oapao.:l.tora cl. c, and c~ exJ.st:Lng 1.n the booster 

stages are obarged to for example the power supp1y 
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vol.tage Vee 1eve1. 

At the time t 1 , both of the o1ook signal. CLK1 and 

o1ook s:Lgna1 CL~ are switahed to the l.ow 1eve1. 

therefore the nHOS trans.istors N01 , NUz• and NU, and RL1 , 

HL1 , and ICL3 ooast:Ltut.illg th~ boos~er stages are set in 

the nonconduot:l.ve state at the time t 1 • 

Next, at the time ta• the ol.ook s:lgnal. CLlt3 is 

switched from the 111.gh level to the 1ow 1evel., f'or 

e¥amp1e~ the ground potent1al GND. In accordanoe w1th 

th.is, a11 of the pMOS trans:lstors PT1 • PT2 • and PT3 are 

aw.1.tohed to the oonduot:l.ve state. 

Due to this, · the capaai tors c1 , c
2

, and c, al.1 

charged to the power supply voltages· vex: 1evel. are 

aonneoted in ser:Les between the nod~ Ki of the first 

stage and the output te%1D.1naJ. TOU'l' of the power sapp1y 

oirou:Lt, and a vol.tage obta.t.ned·b7 mu1tip1yi.ng the 

power supp1y vo1tage by (number of booster stages + 1) .1.s 

obtaJ.ned at one end of t~e oapao:ltor of the f.ina.1 stage. 

Here. when the nwnber of the booster stages of the 

power supply o:l.J."ou:Lt is defined as D and the threshol.4 

voltage of the pMOS trans~stors P~L d:Lode-conneated 

between the node Ln of the booster stage of the f.1.nal. 

stage and the output term~nai TOU'!~s def~ned as Vu, the 

boosted vo1tage VOVT obta:Lned by the power supp1y o~rou~t 
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Vcm = {D+l) x Vee - v,, 23 
••• (1) 

As shown 1.n P1gs. 4D.to 4J. after the pHOS 

tranai.ators P~1 , P'l2 • and P'r:. are al.l switohed to the 

oonduoti.ve state, the node K1 of the booster stage of the 

f:l.rst stage is held at the power supply voltage Vee 

1evel, and the node L1 1.s hel.d at the 2Vcc level. 

'.rhe node K2 of the second stage is held at 2Vcc in 

the same way as the node L 1 of the f:lrst stage, and the 

node L2 of the second stage 1s held at 3Vc:c. 

'.rhe node ~ of the thJ.rd ~tage is held at 3VJc :Ln 

the same way. as the node L2 of the second stage, and 

the node Li of the third stage ~s held at 4Vee• 

'!he pMOS trans1.stors P!!r. are 4iode-oonneoted. The 

ooilneation is made so that the direction from the node 

L3 of the tb.1.rd ~'bage t~ward ·the output termina1 ~our 

becomes the £orwar4 direot:Lon. there:fore the .ll01tage o~ 

the node L, :ls output to the output termina1 irOft. By 

thJ.s. the oapaaitor CL is charged, and a boosted 
. . 

voltage Voor of substant1.ally 4Vcc 1.s output. to the 

output tezmi.na1 ~OUT. 

P:l.gure 5 :La a o:l.rcuit 41.agram of a o1ook generat~ng 

oiro1rl.t- show~ng an example of the circuit for generating 

the oJ.ock s:Lgna1s CLtt1 • CLKz, and CLK, shown in Pi.g. 2. 

As 1.J.l.ustrated. the o1ook generat:Lng airoui.t of the 

present elCample :Ls oonst:Ltute4 by RS r11p-fl.ops RPFL. 
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RFF2 , RPF,. RFF., RFP1 • and RFF,. a al.oak generator 10. and 

de1ay a~cuita DL'f1 and DLY2 • 

An example of the configuration of the olook 

generator 10 :l.s shown ~n Pig. 6. 

As :1.lluatrated. the clock generator 10 :Ls 

const:l.tute4 by the nHOS transistors HA, HD, HC~·and HD 

and a capaaitor Cc:s:. 

One diffusion 1ayer of the nMOS trans~stor HD :Ls 

connected to the supply 1~ne of the power supp1y vol.tage 

Vee• the other CU.ffusi.on layer is connected to the node 

HD1 , and tbe gat_e electrode .1.s connected to .the 1.nput 

tel.11Wla1 of' the olook s:t.gnal D,. 

One diffusion I.ayer of the DHOS transistor NA :ls 

oonneated to the node ND1 , the other diffusion I.ayer 1.s 

grounded, and the gate el.ectrode is oonneoted to the 

~put tead.nal. of the c1ook s:lgnal A· 

one d:lffus1on l.ay~r of tbe DMOS transistor ND is 

connected to the supply line of the power supply vol.tage 

Vee• tb.e other di.:ffUS:l.on I.ayer :1.s connected to the node 
. 

ND2 , and the gate electrode 1.s connected to the ~nput 

texm:Lnal o~ the o1oolc signal J!. 

One cli..£fus:Lon 1ayer of the nHOS trans~stor NC is 

connected to the no4e HD2 , tho other dtffus~on I.ayer is 

grounded. and tb.e gate e1eot:rode ~s oonneoted to tb.e 

1.nput terminal of the oloo~ s1gna1 ~. 
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A oapao:Ltor CCI .ts connected between the node ND 1 

and the node ND2, and the node HD1 is oonneoted to the 

output tez:mina1 '.r 1 of the clock s:l.gna1 CLK1 • 

At the tj,me of the boost:l.ng operation, the o1ook 

s:lgna1s a,, Jl, ~. and 12 shown in Figs. 7A to 7D are input 

to the clock generator 10. 

Upon reoe.ipt of th1s, the o1ook generator 10 

generates a cloak signal CLK
1 he1d at a higher level than 

that of the power supply vo1tage V0Q at the time of a 

high ievel.. 

As shown 1n Fig. 5, the set si.gnal. input termina1 

§. of the RS flip-flop RFF 1 .ts connected to the .inverted 

output teriai.nai·of the RS f1i.p-f1op RPF5 • and a reset 

s.:Lgna1 input term:Lna1 B is connected to the inverted 

output terminal of the RS -fl..1p-flop RFF 1 • 

'!!he output term:lnal of the RS flip-f1op-RPF, :I.a 

oonneotea to the set s:lgna1 :Lnput termUial .S. of the RS 

flip-flop Rl'P1 , and the inverted output term1.nal. is 

connected to the reset -signal. input terntlnal. .R of the RS 

flip-flop RPP,. 

Farther, the 1.nverted output signal of the RS 

fl.:lp-f1op RPP1 :ls output as the ol.ook a.1gna1 ~ to the 

oiock generator 10. 

'!!he reset signal. :lnput term1.nal B of the RS flip­

flop RFP
1 is connected to the inverted output term~nal. of 
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the RS f1ip-f1op RFF,,· and the output teJ.1D~na1 ~s 

oonneoted to the set signal input termi.na1 & o~ the RS 

fl.1.p·f1op RFP';,. 

Further. the output signa1 of the RS flip-f_l.op 

RPF3 is supp1ied to the c1ock generator 10 as the clock 

s:Lgna1 12. 

The reset signal ~nput tersu.nai B of the RS flip-

f1op Ri'F1 is oonneoted to the i.nverted output tex:m:Lnai of 

the RS flip-flop RFP,. _and the output texmi.na1·1.a 

connected to the set signal input teradna1 ~ of the RS 

Further. the ~nverted output signal of the RS 

f1:lp-f1op RFF3 is supplied to the o1ook generator 10 as 

the o1ook si.gnal. A· 

The ~euet s:Lgnal. :Lnput teraWial. B of the RS fl.":l.p-

f1op RFF •. i.a oonneoted to the 1.nverted output terali.nal. of 

the RS flip-f1op lll'F1 • and the output te:r&Uiua1 :Ls 

connected to the set signal. input termUial. §. of the RS 

fl.ip-fl.op RJ'P1 via the delay 01.rouit DLY1• 

Further. the output signal. of the RS fl:Lp-£1op 

RFF, is supplied to the oiook generator 10 as the clock 

s:Lgnal D,. 

'rile reset s~gna1 :l.nput terminal R o~ the RS f 1ip-

f1op RPF
5 

iP oonneoted to the output te:na~na1 of the RS 

f1ip-f1op RFP., and the ~nverted output term~na1 ~s 
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aonneoted to the output termina1 '1'2 of the ol.ook s:Lgnal 

CL1t2 .. 

~e reset s.tgnal input termi.nal. B of the RS f llp-

'f1op UP', :Ls oonneoted.to the inverted output terminal. of 

the RS ~11.p-flop RPP,. th~ set s1.gna1_1nput ternd.nal. sis 

connected to the output term:Lna1 of the delay .oirouit 

DLY.. and the .input te:r:mi.nal. of the delay o:Lrou:lt DLY2 

1.s connected to the inverted output termina1 of the RS 

fllp-f1op RFI',. 

The output teJ:lllinal of the RS £11.p-fl.op RPF6 1.s 

oormeoted to the output tersnina1 T 3 of the olock signal 

CLK11 • 

Bel.ow. re£erring to the t!l.ming oh.art shown 1.n P.1gs. 

7A to 7&. the ope:l'at.1on of the olook generat:l.ng oirouit 

having the above oonf1.iiurat.1on w1.ll be exp1a1.ned. 

'l'be o1oak generati.ng c.t.rom.t ~hown_~!!9· s 

generates the olook signals A, B.. c. an4 J2 shown·in ~:I.gs. 

7A to 7R and the al.oak signals CI.IC,.. ~· and CLK'.3 • 

Note that, the ol.ook signals A. II. ~. and D are 

olook s.tgllal.s a1ternately tak1.ng a high 1e:ve1, f'or 

.ezampl.e. the power supply vol.tage Vee I.eve1, and al.ow 

1evel., for examp1e, the ground potential GHD'l.evel. 

S.:lmi.l.arly. the o1ook s:Lgna1s CLKa and CLI<3 are al.ock 

s.1gna1s a1ternate1y tak~ng a 111.gb 1eve1, ~or examp1e. 

the po1fer supp1y vo1tage Vee l.evei. and a 1otr 1eve1. for 
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8%ample, the ground potent~al GND levei. 

"rile o1ook s:Lgnals A, Jl, ~.. and .12 are input to the 

alook generator 10. ~he clock generator 10 generates a 

alook a:l.gnal. CLE1 which is he1d at a J.eve1 of more than 

the poweJ: supp1y vo11;age Vee: at the t:l.me of the hi.gh 

1eve1 and is held at for example the ground potential GND 

1eve1 at the ti.me of the low level. 

As shc:>wn 1.n P1.g. 6,. when both of the o1ook s1.gna1 

D and the olook signal A are held at the h1.gh 1eve1 and 

both of the olook•s:l.gnal ~and the clock s:l.gnal ~.are 

held at the low level.. the nMOS trans:l.stors NA and ND are 

helcl f.n the csonduot:l.ve state,. and the DHOS transistors NB 

and KC are he14 :l.n the nonoonduot:l.ve state. 

By th:l.s,. the node ND ... is hel.d at the ground 

potent:l.al GND leve1,. and the node ND, side 1.s hel.d at a 

voltage :r:eduoed from the power supply voltage Vee by 

exaatl.J' the tbresbol.4 voltage v. of the nMOS transistor 

HD, therefore the oapac:Ltor ccit is charged to (Vee - Vn). 

Further,. at this t:l.me, the voltage of (Vee - Vw> 

level :ls output to the output 1:ermina1 'l1 of the olook 

s:Lgna1 CL1t1 • 

nen,. at the t.1.llle t 0 ~hown :l.D F.:lgs. 7A to 7H. the 

o1ocsk signa1 a ~· sw~tohed from the 1ow ievel to the h:Lgh 

1eve1. A1so,. at thi.s time,. both of the oiook A and o1ook 

~ are held at the low 1eve1, and the nMOS trans~stors RA 
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and NC are set .io the nonoonduot:Lve state. 

:r:n aaaordanae with this, the nHOS traus1.stor HB 1.s 

s~1.tohed to the oonduat:Lve state, and the node ND1 is 

he1d at a vo1tage reduced from the power supp1y_vol.tage 

Vee by exaot1y the thresho1d voltage VIII' of th~ nHOS 

trans.1stor NB, that .:ls, (Vee - Vn). By this, the node ND2 

is be1d at.2(Vcc - Vm>· At this time, as shown .1n J'.1g. 

7F, the voltage of the output term.lnal. 'f1 of the o1ook 

s.ignal CLlC1 r:Lses by one stage aocl becomes 2(Vcc - Val, 

that is, is held at a h.igher lev~l .than that of the 

power supply voltage Vc:c:• 

Subsequently, at the time t 0 ', the olook s1.gnal. Il 

1.s sw.:Ltahed from the h.lgh J.evel. to the J.ow l.evel., and 

the clack s.ignal A ~s switched from the low level to 

the !Ugh level in aoaordan.oe with this. FU:r:th.er, in 

accordance with th:Ls, the o1ook a:Lgna1 c :Ls sw:Ltohed to 

the hi.gh l.evel., and the clook·signal .12 1.s sw:Ltohe~ to 

the low 1eve1. 

P'or th:Ls reason, at the t:l.me t 1 , the potent1.al.s of 

the nodes ND1 and RD2 are switched to the ground 

potential., and t~e output terminal. 'l1 of the al..ook s:1gnal. 

CLK
1 
~s hel.4 at the ground potent:La1. '!hen,, at the t:l.me 

. . 

t 2 , the clock a:Lgna1 CLJ.t3 is sw:ltched from the h:l.gh 1evel. 

to the iow level. 

At the ti.me t
3

, the oiook signal CL!tz aad the al..oak 
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sj.gna1 CL1t1 are switched from t:he 1ow l.evel. to the high 

1eve1. In aooordanoe w.1th th1.s. the a1ook signal ~ i.s 

switched to t~e low level and the cloak signal D is 

switohecl to the high level. therefore. the capa~;Ltor ccs. 

1.a ohargecl to (Vee .. V.,.) again .. 

In thia war. the cloak generating ai.roui.t sh.own .in 

!'ig. 5 generates the al.oak sj.goal CLltJ. wJU.ch is he1d at 

2(Vcc - Vn) level at.the time of the h:l.gh 1ev~1 and hel.4 

at the ground potent.1al. at the time of the l.ow 1eve1 and 

the olook s.ignal. CL~ and the olock signal CLIC1 wh:l.oh a.re 

hel.cl at the power suppl.J" vo1tage Vee ievel at the time of 

the high level ancl held at the ground potential at the 

time of the J.ow J.evel. and supplies them to the power 

supply oi.ro\U.t shown :ln !':Lg. 2. 

As exp1a:l.ned above, aooor4ing to the present 

embocliment, the o1ock s:l.gna1 CLXa, b.e1cl at a higher 

1eve1 than the power supply vol.tage Vc:c at the ti.me of 

the h1.gh level :La sapp1i.ecl to the.gate electrodes of 

the nMOS transi.stors NU1 , HU2 , and NU3 oonst1.tut.ing the 

booster stages. the o1ook e1.gna1 Cfalta 1.a aupp1:Led to 

the gate el.eatrodes of the DMOS trans:Lstors HL1 , NL2 , 

and HL,, the o1oclc si.gnal CLlt1 i.a supp1ied to the gate 

e1eotrodes of the pHOS transistors PT1 , PTa• and PT1 

aonneate4 between the booster stages, the a1oak sLgna1s 

CLK
1 

encl CLJt, are he1d at the !Ugh 1eve1, and the 
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oapaoitora C1 , c

2
• and C3 of the booster stages are 

obarged to the power supp1y vo1tage Vee level/ then the 

o1ook signa1s CLKl and CLitz are switahed to the iow 

1eve1. the o1ook .s:lgna1 CL1t1 :ls swi.tohed to the hi.gh 

1eve1, and the boosted vo1tage Von 1.s suppl.:f.e4 to.the 

output texm:lna1 Ton of tbe power suppl.y oirauit, 

therefore there :ls no 1oss of the boosted vol.tage due 

to the substrate b:Las:Lng effect at the t:l.me of 

boost:Lng. the number of stages necessary for obtaining 

the desired hi.gh vol.tage oan be decreased, the output 

current per oh:lp area can be made 1arger, and the r1.s:l.ng 

time can be shoz-tened. 

P:lgare 8 :ls a 01.roui.t ~agram of a second 

embodiment of the power supply o~u1.t aooorcling to the 

present 1.nvent:Lon. 

As :lllustratecl, F:Lg. 8 :Ls a circui.t diagram o_f the 

power supply oiroait show1.ng an ezamp1e of the negat:Lve 

booster o:Lrou1.t for generat:lng a negative boosted vo1tage 

compared wi.th the power supply vo1tage.vcc. ~e power 

suppl.y cucu:Lt oan be used for b1.aa:Lng t:or ezampl.e a 

straoture of a semi.aonduotor oirouit such ~ a dynamic 

randolD acaess memory. 

In Fig. 8. CLx_2 and CLX13 are inverted s.ignals of 

the a1oak si.gaal.s CLK2 and CL~ shown :l.n !'1.g. 1, and CLK.1 

is a oioak signal which ~s· held a~ the power supply 
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vol.tage Va: 1eve1 at the ti.me of the !Ugh 1eve1 in 

synobron:lsat~on w:t.th the olook s:lgna1 CLIC.2 and he1d at a 

1evel. l.ower than the ground potent:lal. GND, that :t.s, a 

negative potentia1 at the time of the low 1evel. 

Tcr.a1 , TCLD2 , and t'CL03 denote :input term.1.llal.s of the 

ol.ook s:l.gna1s CL1ta1 , CLX.2 , and CLKw.,, lft1 denotes an DHOS 

transistor servi.ng as the biasing means, N'l.'
2 

and NT
3 

denote nHOS trans~stors serving as th~ third switoh.ing 

means, lft'L denotes cl.1.ode-oonnooted DHOS transistor, PL1 • 

PL2 , and PL, denote pMOS transistors serving as the fi.rst 

sw:l.tohing llleans, PU1 , PU2 , and PU3 denote pHOS transistors 

serving as the second sw:Ltahing means, KB1 , KB
2

, 0
3

, LB
1

, 

LB2 , and LB3 denote nodes of booster stages. C1 • C2 • and 

C3 denote oapaoi.tors for boosti.119, CL denotes a para•it:lc 

oapao:t.tanoe o~ the 1oad, and 'foun denotes an output 

tenni.na1 of the negative boosted voltage Voon• 

As ~l.1ustrated, the power suppl.y o.1.ro~t of the 

present ezamp1e was aonsti.tuted by three booster stages 

and PL, and capao:l tors c,, c 2 , and C3 • 

Here. an explanat~on w~ii be-made of the 

conf~gurat:f.on of the 1.-th stage of the booster stage 

oonst:L tuted by the pMOS trans.:Lstors PU 1 and PL1 and the 

aapao:f.tor . CJ. re'ferri.ng to Fig. 9 w~thout l.os:Lng 

general.:lty. 
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As shown ~n 71g. 9, the gate eleotrode of the pHOS 

transistor PU.s. is conneoted to tho input teJ:lll1na1 of the 

o1ook signa1 CLX.z• the source eleotrode is oonneoted to 

the supp1y line of the power supply voltage Vee, and the 

drain eleotrode is oonneoted to the node KB£ of the 

booster stage. 

The gate·eleotrode of the pHOS transistor PL, 1s 

oonneoted to the 1nput term:Lnal of tho clock signal. 

cuc.1 • the aouroe e1eotrode 1.s oonneoted to the node LB
1

, 

an4 the drain e1eotrode ~s grounded. 

one· electrode of the oapaoi.tor C1 i.s aonneoted to 

the node KB.s., ·and the other e1eotrode ~s connected to the 

node LB.s.• 

P~gure 10A to lOJ are wavefoxm 41.agrams of the 

o1ook signa1s ci;.x_,. CLX.z• and CLI<aa• the vo1tages of the 

boosting nodes SB1 , LB1 , D 2 , LB2 , 0 1 , and LB3 .-and the 

output voltage Voun• 
. . 

As shown 1.n P:Lga. ·10A and lOC, the o1ook s1.gna1 

CLltn and tb.e o1ook si.gna1 CUC.z are synchronous. ftle 

o1oolc signal. CLKa1 is _held at the power supply voltage Vee 

level. at the time of the h1.gh level and J.s hel.d at the 

1evel. 1oHer than the ground potent:Lal. GND, that .is, a 

negat~ve potentia1, at the time of the 1ow level. ·The 

ol.ook si.gnal. CLJ.t.z. :Ls he1d at the power suppl.y voltage Voe 

1eve1 at the t:l.me of the bJ.gh level and 1.s be1d at the 
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ground potentia1 GND 1evel at tbe t1.me of the 1ow level. 

Below. an exp1anat.ion wi11 be made of tbe operation 

of tbe negat1.ve booster circuit of the present 1.nvent:Lon 

referring to the waveform cU.agram shown :Ln F.igs. lOA to 

10J. 

As shown 1.n Fig. lOA, at the time t 0 • the o1ook 

signa1s CLJ.C.1 and CLEea are swi.tohed from the h:l.gh 1e""el 

to the low level. 'lhe ol.ook s:Lgnal CLX..1 :ls held at the 

negat:lve potentia1 and the oJ.oak s:Lgnal. CLlCl.2 is held at 

the ground potent.1a1 GND 1evel.. 

Dur1.ng the per.iod where the ol.ook. s1.gnal CLX..1 an.cl 

the ol.oak s.igna1 CL"Ka2 are held at the low level.. the 

pKOS trans:l.stors PU1 • PUa• and PU3 an4 the pHOS 

transistors PL1 , Pr.2 • and PL3 are held in the oonducst.i.ve 

state. and the oapaa:J.tors C1 , _c •• and C3 are oharged .. 

P'or th:l.s reason. at the booster stages, the nodes 

LB1 • LB
2 • and LB:i are held at the groand potent.:l.a1 GHD 

level, the nodes KBi, KB1 , and lCB3 are held at the power 

supply voltage Vee level, and the capacitors c1 • Ca, and 

C1 are charged to the power supp1y vol.tage Vee level.. 

At the time t 1 , the olook signals CLKa1 and CLKaz are 

aw:Ltohed £rom the low le-ve1 to the high level. and the 

pHOS trana1.stors PUJ., PUZ, and PU:s and the pHOS 

transistors PL1 , PL1 • and PL, are swi.tahed to the 

nonoon4uot1.ve state. 
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Further, at the time t 1 , the olook signal. CL~3 is 

sw~tohed from the 1ow level. to the high leve1;· and the 

nMOS ~rans:.lators NT1
, N't2 , and n, are aw:Lt0he4 to the 

ooaduot:Lve state :Ln aooordanoe with th:l.s. 

Aooording to th1.s, at the booster stage 0£ in:.ltial 

stage, the node KB1 :Ls held a~ the gi=ound potential GND 

l.evel., and the node LB~ is held at the 

-Vee level. 

In the booster' stage of the second stage, the node 

ltB2 :.ls ~el.d at the -Vee level in the same· way as the. node 

LB1 , and the node JCB2 .1.s he14 at the -2V cc 1evel.. 

In the booster stage of the third stage, the node 

lCBs 1.s held at the -2Vc:c: 1eve1 .t.n the same wa:r as the node 

LB2 , and the node n, :.ls he1d at the -3Vcc 1eve1 .. 

· The potent1.a1 of the node LB3 !a output to the 

output terminal ~ovra v:l.a the d1.o4e-aonneoted DHOS 

transistors H'l'L. Here, when def:lni.llg the threshol.4 

voltage 0£ the DMOS trans:Lstor NTL as Vm• the negat:Lve 

boosted voitage V0na output to the output terminal ~Oft& 

beaom.es - ( 3V cc - Vm> • 

In general, the boosted voltage V~un obtunU\g by 

the negat:lve booster oirou~t oonst~tuted by n number of 

stages of booster stages ~s found by the fo11ow:l.ng 

equat:lon: 

Youn = - (n z Vee - V.,.) ••• (2) 
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In th1.a way, the voltage loss of the boosted 

vo1tage Youn obtained by the negat~ve booster oirouit 

shown in Fig. 8 ia on1y the vo1tage drop 1.n the di.ode-

oooneoted between the final stage and the output 

t:erm:lnal. '1'oon, and an improvement of the effic1.en07 of 

the power supply circuit can be aahi.eved. · 

~ote that, in the negative booster o~rcuit of the 

present embodiment, :1.n the same way as the positive 

bposter circut shown in !':lg. 2, the nHOS transistor NT, 

:Ls :foi::med :Ln the same we11 as that for the other· 

transistors aonst:Ltuting the peripheral a:Lrou:Lt of for 

examp1e the negative booster circuit. and DHOS 

transistors Ha ~d HTs are fo.rme4 1.n- tbe J.ndividua1ly 

independent wel.l.s. 

F:lgare 11 is a 01.raUit d:Lagram of an example of the 

generator lOa of the clock signa1 CLX.1 :ln the second 

em.botliment. 

As :l.1lustrated, the"olook generator lOa :Ls 

conat:l.tuted by the nHOS traus.tstors NA..· NB8 , NC8 , and Hl>8 

and the oapaoitor Ccx· 

One d~f f'us~on layer of the nMOS transistor NB8 is 

aonneated to the aupp1y 1~ne of the power supp1y vo1tage 

Vee, the other diffusion 1ayer 1.s oonneoted to the node 

ND
1

• and the gate e1eatrode ~s aonneoted to the input 

terminal of the a1ock s1.gnal. 88 • 
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One diffusion layer of the aHOS trans:l.stor HA. is 

oonneoted to the node ND1 , ·the other d.1.ffus.1.on I.ayer i.s 

grounded, and the gai:e·eleotrode :Ls oonneoted. to the 

.input term1.Dal. of the al.oak s.1.gnal.Aa· 

one 4:1.ffus:Lon 1ayer of the DMOS trans:Lstor HD
8 

:Ls 

oonneoted to the supply iine of the power supply voltage 

Vee, the other di.'ffuaion l.ayer ~s connected to the node 

ND2 , and the gate e1ea'troae ~s oonneatea to the ~nput 

term1.nal. of the ol.ook signal D8 • 

one d:l.f fusi.on layer of· the nMOS transistor NC
8 

is 

connected to the node ND2 , the other di.ffus.ion 1ayer i.s 

grounded, and the gate el.eotrode :Ls connected to the 

input term:Lna1 of the olook signa1 c; .. 
A oapaoitor C« ~s connected between the node ND1 

•·· and the node ND2 .• and the node RD2 :Ls connected to the 

output texm:Lnal '?81 of the o1o0k s1.gnal. cr.i;.1 _. _ 

At the ti.me of the boosting operation, the al.oak 

s:l.gnals z..., B8 , .c., and 08 shown iD 1'1.gs. 12A to 121> are 

J.nput to the ol.ock generator lOa. 

Upon reoe:lpt of these olook ai.gnal.s, the clock 

generator 10a generates a o1ook si.gnal. CLK.1 wh:l.oh i.a 

he1d at ~he power supp1y vo1tag~ Vee at the tUlle of the 

h~gh 1eve1 au4 Ls he1d at a 1ower ieve1 than the ground 

potent:l.al GND at the time of the iow level. 

Be1ow- an e'Xp1anat~on w1i1 be made of the operat~on 
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of the generator 10a of the o1ook s1.gnal CLKa1 shown in 

P:l.g. 11 referring to the wavefozm diagram of the o1ook 

signa1s &,. s •• c ... and D8 and the a1ook signa1 cr&.1 ·shown 

i.n P:l.gs. 12A to 12B. 

As shown 1.n P1.gs. 12A to 12D. at the tillle t 0 ', the 

o1ook s:l.gnal.s B8 and C8 are s•i.tobed to the high l.evel.. 

for ezamp1e, the power supply voltage Vee 1eve1. Note 

that. at th1.11 time., both of the ol.ook si.gnal.s ~ and D8 

are he1d at the 1ow J.evel .. for example, tbe .ground 

potential. GND. 

In accordance with this. :l.n the ol.ock generator 

lOa, the DHOS ~rans:l.stors NA. and Np8 are set :l.n the 

nonoonduati.ve state, and both o:f the nHOS transistors 

NB8 an4 He_ are set in the oonducti.ve state. 

For _this reason, the oapaoitor cm :ls oharged, and 

the node HD1 1.s hel.d at a vol.tage wh1.oh becomes l.ower 

than the power suppl.y vol.tage Vee: by exaotJ.y the 

threshol.d voitage Va of the nMOS _transistor ~ .. that ~a, 

(Vee: - Vml. 

ften, at the time t 0 , the olook s1.gnaJ.s 88 and C
8 

are aw:l.tohed to the l.ow level., an.4 the oJ.ock signal. "8.:1.s 

ra:Lsed to tile h:Lgh 1evel, for example, the power supp1y 

vo1tage Vee l.eve1. Note that, at this ti.me, the o1ook 

s1.gnal 08 1.s held at the low l.evei as ~t is. 

J:n aooordance wi.th this, both of the· nMOS 
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trana:Lstors HB

8 
and NC8 are aw:ltohed to the nonooilduot~ve 

state. and the nMOS transistor NA. :Ls switched to the 

aonduot:Lve state. Further, the nMOS trans.1.ator ND• :Ls 

he1d :l.n 1:he nonoonduot.1.ve state as :Lt :ls. ror th:Ls 

reason, the node HD1 :Ls hel.d at the· ground potent.1.al. GND, 

and the node NDz. :ls he1d at the negative potetit:Lai. for 

ezampJ.e -(VC4 - Vn> • 

Subseciuent1y, at the time t 1 , the olock a.ignal. Aa is 

swj.tobed ta.. tb.e 1ow J.evel, and the alook signa1 D
8 

:Ls 

ra1.sed to the h:l.gh l.evei. for ex:ampl.e, tbe power suppJ.y 

voitage Vee• Xn aooordanoe with this, the nMOS transistor 

HAa :ls sw:ltohed to the nonoonduotive state. and the DMOS 

trans:Lstor ND8 1.s sw:l.tohed to the aonduati.ve state. 

Note that. at. t1:l:J.s time. · the· olook signaJ.s 8
8 

and 

C, are he14 at the 1ow J.evel, and both o:f the nMOS 

transistors HB8 and NC~ a:r:e hel.d :ln the nonoonduot:Lve 
. . 

state, therefore the node Noa ;Ls ~eld at the power 

supp1y vol.tage Vee level.. 

Then, at the t:lme t 4 , the olook s:Lgna1 D8 :Ls 

sw:Ltabe~ to the J.ow J.eve1. and both of the oJ.ook a:lgnal.s 

a. and c. are raised to the high 1eve1. theJ:e:fore both 0£ 

the nMOS· transi.stors NB• and NC. are set .in the 

oonduot~ve state. and the oapaoitor Ccg is ohm:ged and 

the node ND1 ~s he14 at the (Vee - V'!JI} 1ovel • 
. 

'!be above operation is repeatedly oa:r:r1.ed out, 
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therefore the o1oak generator lOa shown in P1.g. 11 

generates a o1oak sJ.gna1 CLK.1 wh:Lch is he14 at a 1eveJ. 

1ower than the ground. potent:lal. GRD dur.lng the 1ow 1evel 

seot1.on and 1.s he1d at the power supp1y vo1tage Vee level. 

in the b1.gh 1eve1 seot~on and outputs the same f ~m the 

output texmioal. 1'91 • 'l'hen.. thJ.s o1ook s:l.gnal. CLX.
1 

is 

suppl.ie4 to the negative booster o:Lrouit shown 1.n Fig. 8, 

and the negative boosted vol.tage V0an is generated. 

As ez.pla:Lned above, aooo~d1ng to the present 

embodiment, the· ol.oak sJ.gnal CLICu is app.1ied to the gate 

eleotrodes of the pKOS trans:Lstors PU1 , PU1 , and PU3 

constituting the booster stages, the o1ook s1gnal. CLX.1 

whJ.ah is hel.d at the power suppl.y voltage Vee level. at 

the tilile of the h:lgh 1eve1 and J.s hel.d at the negat:1.ve 

potentJ.a1 at the time of the iow 1eve1 :Ls supp1:1.ed to the 

gate e1ectrode• of the pMOS trans:l.stors PL1 , PL2 , and PL,, 

the a1ock s1.gna1 er&., :ls supplied to the gate electrodes 

of the DMOS trmisistors ft1 , ft1 , an4 w.r, oonneoted 

between the booster stages, the o1oak s:lgna1s CLX.1 and 

CLE.2 are he14 at the .1ow level., an.d the aapac1.tors C1 , 

Ca, and·C
3 

of the booster stages are charged to the 

power supply voltage Vee level, then the c1oak s:Lgna1s 

CLK.1 and CLKa2 are sw1. tched to the hi.gh 1evel.. the cl.oak 

s:l.gna1 cr..ic., 1.s sw:Ltohed to the b:l.gh level.. and the 

negat:Lve boosted vo1tage Voon ~• output to the output 
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term.tnal ".roan, therefore there is no loss of the boosted 

vo1tage due to the substrate biasing effeot at the t1.1De 

0£ ~ost:Lng, the number of stages necessary for obta:l.n:l.ng 

the desired high voitage can be decreased, the output 

current per cb.ip area oan be made larger, and the ri.si.ng 

time oan be shortened. 

A1so. in reoent years, there have been growing 

demands for a 1ow vo1tage (for example voo/m) souroe 

.independent from the power supp1y vol.tage Vea .ins.ide an 

LSX. for ezamp1e. for a small amp11.tude transfer between 

cbj,ps and insid~ a ohip. 

As th:i.s type of i.nner l.ow voltage supp1y, a seJ:":l.es 

regu1ator as shown ~n Fig. 13 is genera1ly used. 

~1.s ser~es regulator ~s const.ituted by~ as shown 

~n Fig. 13_, an operati.ona1 amp1:l.£ier 11 wi.th an .inverted 
. 

1.n~ut (-) oonneoted to the supp1y line of -~-constant 

voltage VL, and a pMOS trans.istor 12 wi.th a gate 

connected to the output of the operational ·.uap1if~er 11, 

w~th a sourae connected to the supply 11.ne of the power 

sapp1y vo1tage V
00

, and with a 4J:a1.n oonneated to a 

non~nverted :Lnput (+) of. the operatJ.onal mnpl.:i.fier 1 

and supplies a low vo1tage VL from a node N1 to a o.troa1.t 

b1ook 13. 

When oonsiderJ.ng the power loss of the series 

regulator. there ~a a loss Pu due to the pMOS trans~ator 
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12 i.nclioated by the fo11owing equat1.onr 

••• (3) 

Then, when VL < (V
00

/2), the 1.oss beoomes 50 percent 

or more, wh:l.011 becomes a major obstaoie to reduotion of 

. the power oonsumpt1.on of the LSI. 

Parti.ou1arJ.y, where a 1:1.thi.um 1.on battery 1.s usecl 

as the v_ use externa1 power supply, the f1uotuation of 

the Vao 1.S l.arge and there ar:f.ses 8 prob1em O:f the power 

J.oss thereof. 

~erefore, a DC-DC converter which does not use an 

HOS transi.stor as a dr1.ver and is constituted only by 

oapaa1.tanoe el.ements and swi.tohes and w1.th whioh a 

des.1.red 1ow vo1tage .power suppiy potential oan be 

obta1.ned has been prc>posed. 

~1.gure 14 1.s a o::Lrouit di.agram of an examp1e of the 

oonfigurat:Lon of tJU.s DC-DC converter. 

As shown 1.D F:lg. 14, this DC-DC converter 20 :ls 

oonst1.tute4·1>7 swi.toh o.1.rcuits 21 to 23 and oapaoi.tora 31 

to 33. Rote that, the switch c:Lrcints 21 to 23 are 

constituted by for exuip1e HOS tJpe trans:lstors. A1so, as 

the oapaoJ.tors 31 and 32, those having the same 

oapac1.tanoe are used. 

An operationa1 oontao~ A of the switch oiroU1.t 21 

J.s connected to the suppiy i~ne of the power supp1y 

vo1tage Voa' 8D operat10Dal OODtaat b ~8 oonneote4 to an 
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output node HDOO'I', and a fixed oontaot g ~s oonneoted to 

one eleotrode of the oapaoitor 31. 

The operational·oontaat A of the switch cirau~t 22 

:Ls connected to the operat~ona1 contact A of the sw~toh 

o1.rou1.t 23, the operational oontaot ~ ~a grounded, and 

the f ized contact ,g ~s connected to the other e1eotrode 

of the oapaoitor 31. 

The operationa1 oontaot ~ of the switch oirau~t 23 

is connected to the output node NDOUT. and the f ~ed 

oontaot g is connected to one e1eatrode of the capacitor 

32. ~en. the other e1eotrode of the oapaoitor 32 ~s 

grounded. 

Al.so, the oapao1.tor 33 i.s a stab:l.1:1.zing. oapac:t.tor 

whi.ch is connected between the output node NOOU'l' and the 

ground 11.ne for suppressing the vo1tage drop of tbe 

output node ND0n by a 1oad current x, ·an~.Atab.J.liz:lng the 

same. Rote that, :Lt :Ls not necessary to provide this 

stab:ll.1.z:Lng oapacitor 33 where the para:s:Ltic oapao:l.tance 

of the output power suppl.y 1:1..n~ i.s l.arge. 

'.rhe switch oircu1.ts 21, 22, and 23 connect the:.l.r 

f :lxed contaots g to the operat~onal contact A when the 

oiook signal e is at the v_ 1evel. (h~gh"leve~) ·and 

connect their fixed oontaots g to the ope:rat~onal oontaot 

~ when the o1ook s~gnal 0 ~s at the ground 1eve1 (1ow 

1eve1). 
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In auoh a configuration, when the clock s~gnal 8 is 

at a high level, two oapaaitors 31 and 32 are aonneoted 

1.n series between the supply 1:1..ne of the power supp1y 

voltage Voa and the ground line to charge the capaoi.tors 

31 and 32. 

When t~e clock signal. 0 i.s at a low level, t;wo 

capaci.tors 31 and 32 are connected in parallel to 

discharge the same. 

Next, s:Lnoe the capacitors 31 and 32 are 

constituted by ~lements having the same oapaoi.tanoe, 

due to the above charge and discharge funct:Lon. the 

output voltage ya appearing at the output node ND
0
n 

becomes V.,/2, which is supp1:Led to a oi.roui.t block 40 

operat:l.ng at th.is low voltage vaa/2. 

:In the down aonvert:er shown i.n J!'ig. 14, when the 

nodes NDl and HD2 are tisoharged from the power supp1y 

voltage V., and o.s v_ to o.s v_ and ov, respeot:ively, a 

powezo Pd inai.cated by the fo11ow.f.ng equation i.s consumed: 

Pd • (1/2) " (Csl+Cs2) • (V /2)
2 

• (1/'t) ca 

Here, Csl and Cs2 are parasit:l.c capac:l.tanoes of the 

nodes NDl and HD2. 

S:lm1.1arly, at the ti.me of charg:Lng as well. the 

same amount of power :Ls consumed and. as a result, a 

power P indicated by the follow~ng equat~on ~a consumed 
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in tota.11 

P • (1/4) • (Csl+Cs2) • (V
00

/'t)
1 

••• (5) 

With the power aonswaption s~own by eczuation (5), 

however, the 4eman4 for reduoti.on of the power 

oonsumpti.on of the LSI is not GUff~oi.ent1y aatLsfied, 

thus rea1isation of a DC-DC oonverter w:lth which a 

stab1e ou~put vo1tage oan be obtained with a further 

1ower power 1oss has been desired. 

P:lgure 15 i.6 a o:i.roui.t diagram. of a th1.rd 

embodS.ment 0£ the·DC~DC converter aocord1.ng to the 

present invention.'. llso, F:lgs. 16A ·to 16J are timing 

ohar~s of the oirouit of Fig. 15. 

As shown 1.n P1.g. 15, thJ..s DC-DC converter 20a is 

constituted by switch c:Lroui.ts 21a ·to 23a, oapaoitors 

31a, 32a, and 33a, an externa1 power supp1y 50 of the 

power supply vo1tage V
00

, a power supp1y 6CLfor. 0.25 V
00

, 

and a t:lmi.ng generating circuit 70 generat:lng the o1oak 

s.:Lgna1a 9J1 to.CIJ7 at a t:Lm.:l.Dg shown :l.D 1'.:Lgs. 16A·to 161'. 

In the switch oi1-ouit 21a, f~ged oontaots ol and o2 

of two on-off switches 111 and 112 are connected in 

para11e1 to one electrode of the capaoito~ 31a, the 

operat.:L~nai contaot Al of the sw~toh 111 is connected to 

the externa1 power supply 50, and the operat~ona1 contact 

&a of the sw~toh 112 ~s oonneoted to the output node 

HDOft'. 
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'l'hen, the sw~toh 111 is oontro11e4 on or off by the 

o1ock signal 01. and the switch 112 is controlled on or 

off by the o:Look si.gna:L 05. 

Hore spea~fioa11y, the switohes 111 and 112 become 

the on state when the.o1ook signa1 is at a high levei and 

become the off state when it :Ls at a low levei. These on 

and off aontro1s are comp1ement~ily carried out • . 
Xn the switch a:Lrou:l.t 22a, the f.:lxed oontaots cl, 

02. and o3 of the three on-off switches 121, 122, and 

123 are 0onneoted :l.n paral.le1 to the other e1eotro4e of 

the oapao~tor·3la, and the operational contact Al of the 

sw:l.tch 121 is connected to the operationa1 aontact Al of 

the aw.itch 131 of the switch c:Lrou:l.t 23a. 'l'he operat:l.ona1 

oontaat A1 of the switch 122 is connected to the power 

supp1y 60 for 0.25 V
00

, and the operationa1 oontaot Aa. of. 

the switch 123 :ls grounded •. 

!'hen. the switoh 121 :Ls contro11ed on or off by the 

o1ook si.gnal ez. the switch 122 :Ls controlled on or off .. 

by t:he o1ook signal •6. and the switch 123 is controlled 

on or off by the olook signal 97. 

Hore speo:l.fioal1y. the switches 121. 122, and 123 

beoome the on state when the olook signa1 ~s at a b.1.gh 

1eve1 and beoome the off state when ~t ~s at a 1ow 1evei. 

'l!he on-off contro1 of these switches 121. 122. and 123 ~s 

sequentia11~ carried out. 
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Io the switoh oirouit 23a, the fized oontaots ol 

and 02 of the two on-off switches 131 and 132 are 

oooneoted 1n para1le1 to one electrode of the oapaa:Ltor 

32a. and the operationa1 oontaat a2 of the sw:Ltoh 132 is 

oonneoted to the output node HDotrr. 

Then. the sw:Ltoh 131 :Ls controlled on or off by the 

olook·a:lgnal 03. and the switoh 112 :Ls contro1led on or 

off by the alock s:Lgna1 94. 

More spea1fica11y. the switches 131 and 132 become 

the ON state when the c1oak signal iQ at a high 1eve1 and 

become the.off state when it is at a low 1eve1 •. '.fhese on 

and off oontro1s are aomp1ement~ily oarr~ed out. 

A1so, the other e1eatrode of the capaa:Ltor 32a is 

grounded. 

Rote that. the sw1tch o1rau~ts 21a to 23a are 

constituted by for ezamp1e MOS system transistors. 
· ... .::.~ .=..;.;.._ 

Al.so. a stabilizing capacitor 33a for suppressing 

the voltage drop of the output node HD0n by the load 

current IL 1s connected between the output node HDOV'l' and 

the ground line. 

Rote that. :Lt !a not neaess~ to.provide this 

stab:ll:L~~ng oapao:Ltor 33a when the parasit:Lc capacitance 

of the output power supp1y line is large. 

A1so, as the capacitors 31a and 32a, those hav1.ng 

the same aapao:Ltance are used. 
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P~gure 17 is a oirou~t d~agram of an examp1e of the 

oonf~guration of the power supply 60 for 0.25 v_. 

This 0.25 v
00

·use power supp1y 60 is constituted by· 

switch oiroui.ts 511 to 517 and capacitors 521 to 525 as 

shown in Pig. 17. Note that. the switQh oirou:l.ts· 511 to 

517 are constituted by for example MOS system 

transistors. A1so. as the oapao~tors 521 to 524, those 

having the same _capacitance are used. 

The operat~onal contaot .s of the switoh oJ.rcuit 511 

is connected to the supply 1~ne of the power supply 

voitage v
00

• the operationa1 contact h is connected to 

the output node·NDOV'f, and the fixed contact~ is 

oonneoted to one electrode of the oapaaitor 521. 

The operationa1 contact A of the switoh o~rauit 512 

is 001U1eoted to the operationa1 contact A of the switch 

oiro1U.t 513, the operat~onal oontaot .b.is grounded, and 

the f :Lxed aontaot g is connected to the other electrode 

of the oapaoitor 521. 

The operat~onal. oontaot b of the switch c:Lro111t 513 

is oonneoted to the ontput node NDOll'I!, and the f~xed 

oontaot a ~s oonneoted to one e1ectrode of the oapac~tor 

522. 

'.fhe·operat~onal oontaot A of the switch c~rcuit Sl4 

~s oonneoted to the operationai oontaot A of the sw~toh 

oirau1.t 515, the oporat1onal oontaot ~ is grounded, and 
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the fixed contact g is oonneoted to the other electrode 

of the oapaoitor 522. 

'.rhe operational contact ~ of the switch o~ouit 515 

is oonneoted to the output node NDon• and the fixed 

oontaat g is connected to one electrode of the capacitor 

523. 

~he operationai oontaot A o~ the sw1tob oi.rou1t 516 

1s oonneoted to the operational oontaot A of the switoh 

o1r01ll.t 517, the operationa1contact12 is oonneoted to 

the output nod~ NDOM. and the f:l.xed oontaot·c is 

oonneoted to one electrode of the oapao~tor 524. 

Purther, the other e1ectrode of the oapaoitor 524 

is grounded. 

Further, the oapaoitor 525 is a stabi1izing 

oapao1tor ~ch is oonneoted between the output node 

RD0"' and the ground 1ine for suppressing ~~ vo1tage 

c1rop of the output node Nl>OU'I by a ioad current IL and 

stabi11.z1ng the same. Note that, it is not necessary to 

provide th~s stabilizi.ng oapaoitor 525 when the 

paras1tio oapaoitanoe of the output power supp1y 1:1.ne 

~s large. 

~e swi~oh oirouits 511 to 517 oonneat their fi.xed 

contacts g to the operationa1 oontaot A when the elook 

s1gna1 010 is at the v. leve1 (high ieve1) and oonneot 

their fiXed aontaots g to the operational. oontaot h wben 
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the o1ook signal 810 is at the ground 1eve1 (1ow 1eve1). 

In the power supply 60 hav~ng suoh a oonf.1guration. 

when the· oiook signal. 0$0 is at a high level. the four 

oapaoitors 521. 522. 523, and 524 are oonneoted in series 

between the supply line of the power supply vo1tage v_ 

and the ground line and the capaoitors 521 to 524 are 

charged. 

When the o1ock si.gna1 0 50 is at a I.ow · level. the 

four oapaoJ.tors 421 to 424: are oonneoted. in pa:ralle1 so 

the ~soharging 1.a oarr.1ed out. 

The oapao1.tors 521 to 524 are constituted by ones 

hav1.ng the same oapac:Ltanoe, therefore, due to the above 

charge and 41.soharge funot~on, the output voltage Va 

appearing at the output node NDOft' becomes V
00

/4 = 0.25 Voa 

whioh 1.s suppli~d to the operational. contact Aa of the 

aw:l:toh 122 of the sw:Ltoh circuit 12a in the c:Lrcu:Lt of 

Fig. 15. 

'The tindng genera1:ing oi.rcuit 70 f.irst sets the 

cloak s1.gnal.s 81 to 03 at a hJ..gh l.eve1 as shown :1n l':lg. 

16. holds the swj.tohes 111, 121. and 131 1.n the on state. 

aonneots two capao~tors 31a and 32a 1n series between the 

externa1 power supply so and the ground 1j.ne. and makes 

them perform the oharg~ng with respect to the oapaa1tors 

31a and 32a .. 

Subsequently, at a t.:lme tl, the o1ook s~gna1s 81 to 
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83 are sw.:Ltahed to the I.ow 1evel, the olock s:l.gnal.s 04 

and eJ6 are set at· a high l.evel., the node ND2 .is conneoted 

to the 0.25 V
00 

use power supp1y 60, and the charges of 

the aapao:l.tor 31a on the si.de connected to the node ND2 

are cli.scharged to·the power supp1y 50. 

'lb.en, at a time t2 after an elapse of a 

predetermj,ned time, the a1ook si.gnal 06 .is switched to 

the l.ow l.evel, the o1ook signal. 87 i.s set at a hJ.gh 

1evel., the node ND2 J.s CJonneoted to the ground 11.ne, and 

the capacitor 31a i.a discharged so that the node NDl 

eshib:its 0.5 V
00 

and node ND2 emibits OV .. 

Hmct, at a time t3, the clock signa1 f;JS :I.a set at 

a b.:l.gb l.evel, the node NDl .is aonne~ted to the output 

node ND
0

V"r, and 0.5 V
00 

(V
00

/2) is supplied to the output 

node RDocrr. 

Further, at a tj,me t4, the a~oak s:l.g~~l.fl....f5 and ~7 

are sw~tched to the low 1evel. the o1ook sJ.gna1 86 is set 

at a ~gh 1evel, the node ND2 i.s connected to o.2s V
00 

use power supply 60, and the aapao.:Ltor 31a is charged so 

that the potentJ.a.l. of the node NDl changes from o.s V00 

to 0.75 V
00 

and the potentJ.al of the node ND2 changes 

from OV to 0.2.5. 

Next, at a t~me t5, the o1ook s~gnal. 06 J.s swi~ohed 

to the iow leve1, the clock s~gnal. 01 ~s set at a high 

1evel, the node NDl 1s oonneated to the external. power 
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aupp1y 50, and the oapaoitor 3la is charged so that the 

potent:l.al. of the node NDl becomes V 
00 

and the potent1.al. 

of the node ND2 becomes o.s v". 

Next, the operation by the above oonf.1.guration wi11 

be exp1ai.ned by referring to the timing chart of l'.19. 16. 

First, the olook signal.s 81, 02, and 03 among the 

olock s:l.gnals 01 to 07 are set at a high levei at the 

tim:Lng generat:lng oi.rouit 70, and the o1ook signal 01 :l.s 

supp1:1.ed to the sw:l.toh 111 of the switoh 01.rou~t 21a. the 

o1ook signal. 02 is supp1:1.ed to the sw:l.tch 121 of the 

sw:l.toh oirou:it 22a. and the clock s:ignal 03 is supp1:1ed 

to the switch circuit 131. respeot.t.vely. 

By th:l.s, the swi.tohes 111. 121. and 131 become the 

on state, the two capacitors 31a and 32a are connected .in 

seri.es between the external power suppl.y so and the 

gro~nd 1:1.ne, and the oapaoitors 31a and 32a are charged. 

Next. at a t:lme tl,. the olook signals 01 to 03 are 

sw:l.tohed to the 1ow 1evel at the tim:Ln9 generating 

oirouit 70, tbe olook s.1gnals
0

04 and 96 are set at a high 

level., 1:he olook s:l.gnal 04. :ls supp1ied to the switch 132 

of the sw:l.toh circuit 23a, and the o1ook s~gnal. 86 is 

supp1~ed to the sw1toh 122 of the sw~toh a1.rcu~t 22a, 

respeotive1y. 

By th1.s,. the switches 111, 121, and 131 become the 

off state, the sw~tches 132 and 122 become the on state. 
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and the supply Of V
00

/2 to the oapaai.tor 33a and the 

oirou1.t bl.ook 40 is· started. 

Along With the sw:l.toh 122 beoold.ng the OD state, 

the node HD2 :1.s· oonneoted to the 0.25 V
00 

use power 

supply 60, and the Charges of the oapaa:ltor 3la on the 

side aonneated to the node ND2 are d:l.saharged to the 

power supp1y 60. Here, via the sw.:l.toh 122, a oharge of 

0.25 V00 (Cs1 + Cs2) f1ows into the power supp1~ so. The 

J.evel. of the node NDl at this time 1s 0.75 v_. 
In this case, at the sw~toh 122, the power 

consumption shown by the foil.owing equation occurs. 

P
1
u. m (1/2) • (Csl+Cs2) • (V

00
/4) 3 

• 0./T) 

... (6) 

Here, Csl and Cs2 are parasitic capaa~tanaes of the 

nodes Nl>l and HD2. 'the relationship wi.th respect to the 

oapao:Ltanoe C1.1. of the oapaoi.tor 31a 1s set as cu >> 
... ~.--- -

Csl, Cs2. 

Hext, at a tuae t2, the al.oak s1.gna1 96 :Ls switohe4 

to the 1ow 1evel at the ti.ming generating circuit 70, the 

aioak signa1 87 is set at a high 1eve1, and the al.oak 

signal 01 :Le supplied to the sw:l.toh 123 of the sw1.toh 

o:lrou.:1t 22a. 

By this. the s•~toh 122 becomes the off state, and 

the sw~tah 123 beoomes the on state. 

A1ong w~th the change of the sw~toh 123 to the on 
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state. the node ND2 i.s oonneotecl to the ground 1.:1.ne .. As 

a resuit. the oapao~tor 31a :ls cli.soharged so that the 

node HDl em1.b:lts o.s V
00 

and the node HD2 exhib.:Lts o V. 

In th:ls case,· at the switch 123. a pow&1" equiva1ent 

to the power in4ioated by the above.equation (6) is 

oonsumec1 .. 

Then, at a time t3, the cloak signal es i.s set at 

a h:lgb leve1 at the timi.ng generat:Lng oircu:lt 70 and i.s 

supplied to the switch 112 0£ the switch o~ouit 2la. 

By tb.1.s, the switoh 112 becomes the off state, and 

0.5 V
00 

(V
00

/2) :l.s supplied to the output noc1e NDcnrr. 

Also. at a time t4., the c.look signa1s 05 and 07 are 

switohed to the .low level at the timing generat:lng 

oirou:l.t 70, the clock signal. 06 :Ls set at a h:lgh 1eve1, 

and the olook s:lgna1 96 is supp1:1ed to the switoh 122 of 

the switch o:Lrouit 22a. 

Dy tins, the switches 122and 123 .become t:he off 

state, and the switch 122 becomes the on state. 

Along w:Lth the change of the switch 122 to the on 

state. the node ND2 1.s connected to the o.25 V00 use 

power supply 60. As a result, the capacitor 31a is 

charged so that the potent:l.a1 of the node NDl changes 

from o.s voa to 0.75 vaa• and tbe potentia1 of the node 

ND2 ohanges from OV to O ~ 25 V co. 

In tbis oase. at the swi~oh 122~ a power equival.ent 
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to the power i.nclioated by the above eQUat1.on (6) is 

oonsumed. 

Here. charges of 0.25 Vaa (Cs1+Cs2) f1ow out the 

power supp1y 60 V'..1.a the sw:ltch 122. In this way. at the 

0.25 Vaci use power supply 60, an 1.nf1ow and outf1ow of 

0.25 v_ (Csl+Cs2) ooour by the oharg:lng and disoharg.ing. 

and the charges are reoyol.ed. For thi.s reason, the 

freflUenoy of the olook signal 950 for the power suppl.y 50 

may be 1ow. and there i.s al.Jpost no power loss clue to 

the oi.rou:l.t of P:f.g. 15. 

Next. at a time ts. the c1ock signal. 06 is sw1.tched 

to tbe iow 1evel at the timing $J&nerating 01.rouit 70, the 

o1ook si.gnal. 01 i.s set at ~ hi.gh l.eve1. and the o1ock 

s.igna1 91 1.s suppl1.ed to tbe sw.1.toh 111 of the swi.toh 

ouou:Lt 21a. 

By th1.s, the -.w:Ltoh 122 beoome~ the. oU et:ate, and 

the swi.toh 111 becomes the on state. 

A1ong with tbe sw~toh 111 bea~ng the on state, 

the node HDl :ls oonneoted to the eXternal power supp1y 

40. As a resu1t, the capacitor 3la :ls charged so that the 

potent:f.al. of the node NDl beaomes V
00 

and the potent.1a1 

of the no~e HD2 becomes 0.5 V.:a· 

In this oase, at the sw~to~ 111. a power equi.va1ent 

to the power in4~aated by the above e'l(Uation (6) is 

consumed. 
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The power PT consumed by a series of discharging 

and oharging operations is given by the fo11owing 

equation: 

PT = 4 :x: (1/2) • (Csl+Cs2) • (V
00

/4) 2 
• (1/-r) 

= 4 x (1/8)· • (Csl+Cs2) • V
00

2 
• (1/-r) 

... 
This ·power consum~tion is 1/2 of the power 

consumption P = (1/-4) • (Csl+Cs2) • (V
00

/-r) 2 of the 

conventiona1 circuit. 

(7) 

As exp1ained above, according to the first 

embod:fr.ment, in a DC-DC converter wherein two capacitors 

31a and 32a are connected in series between the 

externa1 power supp1y and the reference power supp1y 

(ground) to be charged and are connected in para11e1 to 

give an output vo1tage Va of a va1ue between the 

externa1 power supp1y vo1tage and the reference power 

· supp1y vo1tage by the c1ook signa1s 01 to 03. provision 

is made of a power supp1y 50 for potentia11ower than· 

the e:x:terna1 power supp1y so and the ground vo1tage 

source and provision is made of switches 121, 122, and 

123 respective1y operationa11y connecting the externa1 

power supp1y 50 and the power supp1y 60 for 1ow 

potentia1 with the capacitors 31a and a circuit 60 for 

sequentia11y switching the connection and nonconnection 

state from the switch side connected to the externa1 
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power supp1y to oharge and disoharge the oapaoi.tors 31a 

and sequential1y switoh:lng the oonneot:Lon and 

nonconneoti.on state ~rom the sw:Ltch side connected to 

the ground vo1tage souroe side to discharge the 

oapaa:Ltors 3la and the~by perform a heat insulating 

oharg:Lng, therefore there i& the advantage that a 1ow 

vo1tage source wi.tb ~oh a stab1e output vo1tage Va 

aan be obtained with a iow power 1oss oan be realized. 

Rote that. J.n the pre'sent embodiment, a so-called 

two-step charging method was used, but by adopting an n 

number step charging method in which the number of 

sw:LtOhes of the switch cirouit 22a is further :Lnareased 

to n. the power 1oas can be reduced to 1/n of that of the 

conventional aeth.od. 

Note that. neeclless to say the number of 

oonneot:Lons of ~he capacitors is not l.imi.ted-to that o~ 

the present examp1e, and· a var:Lety o:e moclif:Lcat:Loas are 

possible. 

Also, the swi.tOh o:l.rom.t oan be "COnst:Ltutecl by for 

examp1e a transmias.:lon gate of the CMOS tJ'Pe, but 

desi.rab1y a p-channe1 MOS trans~stor and n-channe1 MOS 

trana.:lstor are se1eoted and used corresponding to the 

transDU.ssion potent1al.. 

A1so, so as to reduoe the power 1osa, as the 

oapao1tor, deairab1y use 1.s made of an ezte:r:nai 

• 
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oapao.itanoe,. h:l.gh c1.ie1eotr:l.c capao:Ltanae,. HIH·(metal.-

insu1ator-meta1) conf:Lgurat:Lon c:apaa:L.tanoe,. DRAM trenob 

or stack oapao.itanoe, planar oapao.itance,. ferroel.eotr1.o 

oapao.itanoe,. or.the like. 

Partioul.ar1y, a ferroe1eotr.ic suoh as PZ'l bas a 

re1at:Lve d:Le1eotr:Lo constant 1arger than Si02 by two 

f:Lgures or more,. and the paras.it.lo capao:Ltance can be 

suff :l.c.t.ent1y reduced. 

1'1.gure 18 :Ls a o:Lrou:Lt d:Lagram of a fourth 

embodiment of the DC-DC oonverter aooording to the 

present invent.ion. 

The 41.ff erence of the present f 1.rst embodiment from 

the above th:Lrd embod:Lment res:lcles :l.n that the sw:ltoh 

airou:Lts and oapao:ltor co1umns of t~e system A and system 

Jl are connected :ln paral.l.el.. and they are respeot:Lvel.y 

dr.iven by the al.ook s:l.gna1s 81 to 87 and iI to i7 hav.:l.ng 

.:l.nverse phases to eaoh other (dev1.ated by T./2 phase). 

Note that; the fundam.enta1 operat.ion of the c:Lroui.t 

per se i.s s:Lm1.I.ar to that of the th1.rd embodiment, and 

therefore an ezp1anat:Lon thereof is om~tted here. 

In such a oonf:Lgurat~on, 1.n the e:Lrou1t of the 

system A,. when for e¥amp1e the nodes NDlA and HD2A are 

41.scb.arged to the 0.25 V use power suppl.y 60a -q:La the Ga 

sw:t:toh 122A from vao and 0.5 VGO to 0.75 v.,a and 0.25 vaa ... 

respeot~ve1y, ~n the o1rou~t of the system A, the 

• 
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charging operation is conversely caJ:r~ed out on1y by the 

same charge amount, therefore the both are oanoelled. 

Aooorcli.ngly, the supply of the charges from the 0.25 Vea 

use power suppl.y 60a is o, and there i.s an advantage that 

the 0.25 V
00 

use power supp1y ~oa beoomes very stable. 

'rile r:lppl.e of the output node NDcm accompanied w.:Lth 

the 1oad current Ir. oan be 1owered. 

Many w:ld~1y different embodiments of the present 

invent~~n may be constructed without departing from the 

spirit and scope of the present invention. rt should be 

understood that the present invention ~a not restr~ated 

to the spea:l.£1.o embodiments desor:lbed above. 



-------------------------------------------~ 

I =·. 

' tlltllt lttlll llltt ltltl 11 lllt 
* c L M S * 

60 
Wbat :ls o1a1med :ls: 

1. An J.nternal power supply o:lrouit, compri.singJ 

a p1ural:lty of.charge aooumulating means, 

a first power supply terminal, 

a second power supp1y terminal, 

a first switoh:lng means for connecting the 

plural:lty of charge accumulating means in parallel to 

each other in a first state, and 

a second switching means for connecting the 

p1ura1.1.ty of charge accumulati.ng means in series with 

eaoh other :ln a second state, and 

a oontro1 means £or energ~zing the first sw~tohing 

means or the second switchi.Jlg means in response to the 

first state or the seoond state to connect the plura11ty 

of charge ac~u1at:l..Dg means between the f.irst power 

supp1y terminal. and the second power snpp1y terminal, 

and for deenerg~zi.ng the f .irst swi.tohi.ng means or the 

second switohi.ng means :ln response to the fi.rst state or 

the second state- to d:lsoonneot the p1ura1ity of charge 

aooumu1ating means between the first power supply 

term:l..Dal and the second power supply termina1, 

the control means repeati.ng the energizing and the 

deenergiz:Lng. 

2. An internal power supp1y oi.rou~t aoaord~ng to 

o1a:l..m 1, wherei.n 

THIS SHEET HAS BEEN 
REPLACED 
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the oharge aooumulating means are oonstituted by 

capac~torsJ 

the f .trst sw1.to1U.ng means is constituted by a 

ttrl.rd swi.toh~ng ~ea.us and a fourth aw~tohi.ng means1 ~4 

a partia1 booster oi.rouit is comprised by a 

capacitor connected between a first node and a second 

node, the third sw1.toh1.ng means oonneotecl between the 

f:lrst node and the first power supp1y tenai.nal, and the 

fourth sw~tch~ng means connected between the second node 

and the second power supp1y term1.na1: 

a p1ura1~ty of the partial booster oiro~ts :Ls 

prov:ldedJ 

the second switching means holds in a non-

oonduot1.ve state the first node of a front partial 

booster o.trouit end the sea.ond node of a rear partial. 

booster oirou~t 1n the f:l.rst state an.4 hol.ds-them 1.n a 

oonduot:lve state :Ln the second state: 

the first switching means comprised of the third 

sw:Ltohing means and the fourth sw:Ltoh1.ng means be.1.ng 

., held :ln the oonduot:Lve state and the second sw~toh1.ng 

means being held in a non-oonduot:lve state in the first 

state; ·and 

the first swi~oh~ng means comprised of the tbi.rd 

switching aeans and the fourth sw~toh~ng means being 

he1d ~n the non-oonduotive state and the second 
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aw1toh1ng means being he14 in a oonduotive state 111 the 

seoond state so as ~o ra~se the vo1tage be'breen the first 

power aupp1y t8X'l:G:l.nal. and the seoon~ power eupp1y 

term1.na1. 

3. An 1nternal power supply o:1.rou1.t aocord1.n9 to 

o1a:Lm 1, further comprising; 

a bi.a.s:lilg means connected to the seoond node of 

the 1n1t~a1 stage part:La1 booster oirou1t for holding 

the second node at a constant potential. and 

a reoti.fying means oonneated between the first 

node of the f ina1 stage. partia1 booster o:Lrcui.t and a 

boosted vo1tage output termina1. 

4. An :Lnterna1 power supply circuit aoaord1.ng to 

o1aim 3, wherein the bi.as:Lng means :Ls oonst:ltuted by a 

sw:Ltohing means set :l.n the oonduotive state when the 

f.irst switch.tng means comprised of the th1r4 and fourth 

switching means ~s non-oonduotive. 

s. An internal. power supp1y cJ.rouJ..t according to 

claim 3, where1.n: 

the fi.rst power supply texminal is a positive 

power supply term:Lna1 and th~ second power suppiy 

te%'11line1 ~a a negat~ve power supply term:Lna1, 

the constant potential is the potent~a1 of the 

first power supply term~na1, 

the b~as~ng means ~s a reot1f ioation e1ement 
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connected sq that a direction from the fi.rst power supply 

toward the second node of the in1t1al stage part1.a1 

booster oi.rou1t becomes a forward d:lreotion, and 

the reot:l.f ioat:l.on element is oonneoted so tbat a 
... 

directi.on from the first node of tbe f ina1 stage 

partia1 booster circuit toward the output te:cminal 

becomes the forward direction and suppl.ies the positive 

boosted voltage to the output terminal.. 

6. An 1.nternal power supply o:Lrobit according to 

cla1.m 3, wherein: 

the first power suppl.y term~al is a negative 

power supply terminal and the second power supply 

texminal is a positive power supply terminal, 

the constant potential is the potential of the 

second power supply terminal, 

the b1.as:l.ng_ means :Ls a re~tif:l.oati~n. _ _!1ement 

connected so that a d1.reat1.on. from the second node of the 

f:l.rst stage part.t.al booster c:l.rouit toward the f1rst 

power supply terminal becomes the forward 41.rection, 

and 

the rectif ioation element is connected so that a 

direot1.on from the output terminal to the f:Lrst node of 

the f.ina1 stage part:l.a1 booster oirouit becomes the 

forward d1.rect1on and supp1ies the negative boosted 

voltage to the output te%:11dnal. · 
.-----.. -........... -......... ~····-
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7. An ioterna1 power suppiy oircu.:l.t acoordi.ng to 

al.a1.m 3, wherein; 

the thi.rd switobing means is oonetituted by a 

f1rst oonduat.1.v:Lty type insul.ation gate t71>e fiel.d 

effeot trans.:l.stor with a. gate eleotrode conneoted to an 

:lnput texm1.na1 of a first o1ook. w.:1.th one diffusion layer 

eonneated to the first power suppl.y. and w.1.th another 

cH.f:fusion 1ayer aonneoted to the f :lret node of the 

part1a1 booster cirau:Lt; 

the fourth switching means .1.s constituted by-a 

f1.rst oonduot:Lvity type insul.atioo gate type fie1d 

effect transistor with a gate electrode oonneoted to an 

.:Lnput term.:Lnal of a second olook. w.:I. th one diffus_ion 

1ayer oonneoted to the second pow~ supp1y_. and with 

another diffusion 1ayer oonneoted to the second node of 

t:he partial. booster o:Lrcui.ts and 

the second sw.:ltoh:l.ng means ~s const~tuted by a 

second conduot~vity type insul.at.:l.on gate t:YPe ~ield 

effect transistor with a gate electrode connected to the 

input te:r:mina1 of a tll1.rd oiook. 

8. An internal power supply o1.rou1. t aooord.i.ng to 

o1a:l.m 3, wherein 

the b~asing means is const~tuted by a second 

oonduat~v1.ty type insulation gate type f~e1d effect 

trans~stor w~th a gate electrode connected to the :Lnput 
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terminal of a thircl olock. 

9. An interna1 powe~ supp1y oi.rouit aooord1.ng to 

o1a1m 7. where:Ln an amp1i.tude of the first olook is set 

1arger than a potential difference between the f 1.rst 

power aupp1y te.rm:Lna1 and the second power supply 

10. An internal power supply circuit aocoriling to 

o1aim 7. wherein the first power supply terminal. :Ls a 

posi.ti.ve power supp1y termi.nal and the f:lrst conduot~vi.ty 

type .t.nsulat1on gate type fi.e1d effeot transistor 1.s an 

n-ahanne1 type transistor and is held at a higher 1eve1 

than the first power supply telllli.nal. voltage ~n a hi.gh 

1eve1 sect~on of the £1.rst aiock. 

11. An ~nternal power supp~y Qirouit acoorc1..:Lng to 

o1aim 7. wherebi the f:Lrst power supply i.s a negati.ve 

power suppiy texminal and the first conduotiv.J.:ty type 

1nsu1ati.on gate type f1.e1d effect transi.stor is a p-

ohanne1 type transistor and ~s he1d at a 1ower 1eve1 than 

the second power supp1y terminal voltage in a low level 

section of the first clock. 

12. .An i.nterna1 power supply o.:lrcui.t aooord:Lng to 

claim 7~ wherein the second oonduot.:Lvity type :Lnsulat.:Lon 

gate type f ie1d effeat transistor aonsti.tut.1.ng the second 

swi.toh1ng means ~s formed in an i.ndependent well. 

13. An ~nternal power suppiy a1rau1t aacordJ.ng to 

---·--·····-·····--·-·······. ··•··· ..... -.. , 
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ol.aiDl 8, wherein the biasing •eans :ls a second 

oonduot:lv:Lty tl'Pe 1.Dsulat:Lon gate type f:le1d effect 

tr2llls1stor formed :Ln the same well as that for tbe second 

oonduot:Lv:Lty tl'Pe 1nsulator gate type £:1.el.d e£fect 

transistors oonst:Ltut:Lng part of the peripheral. logia 

oi:l;'ou:Lt. 

14. An internal power supply o1rcuit, comprising: 

a first power supp1y t~1Dal, 

a second power supply te:cmina1, . 
a first node, 

a seoond node, 

a oapao~tor connected between the first node and 

the second node, 

a f1rst aw:Ltohing means connected between the 

first node a.nd the f:Lrst power supply terad.nai, 

a second sw:Ltobing means connected between the 

second node and the second power supp1y te~a1, 

a b:Las:Lng ·means oonneated to the second node and 
. 

b:Las:Lng·the node at a constant potentia1, and 

a reot:Lfy:Lng means oonneoted between the f~rst 

node and tbe boosted voltage output termina1, 

tbe first and second sw:Ltohing means be:Lng 

repeated1y set :Ln the oonduotive state and the non-

conductive state to be ove~1appe4 thereby to output a 

boos~ed voitage to an output tez:m~na1. 

___ , ...... -........ . .... "• .............. _ 
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An internal power supp1y o~rou.it aooording to 

o1a:lnl 14, where.in 

the biasing means is a rectification eJ.ement 

connected so that a direction from the first power supp1y 

toward the seaond node becomes a forward dJ.reotion and 

the rectifying means is connected so that a 

d.ireotion from the first node toward t~e boosted vo1tage 

output termina1 beoomes the forward di.reotion. 

16. An interna1 power aupp1y o.iroui t aooording to 

al.aim 14, Wherein 

the biar~g means is a reot:U:ication element 

oonneoted so ~hat a d1.reotion from the seoond node towarc1 

the first power supp1y becomes a forward ~eotion and 

the reo*1y:t.ng D1eans i.s connected so that a 

d:Lrect~on from the boosted vo1tage output terad.na1 toward 
- . 

the first node becomes the forward. direction. 

17. An :Lnterna1 power suppl.y oi.rouit according to 

cl.aim 1, wherein 

the oharge aooumulating means are const.ituted by 

oapaoitorss 

the oapaoitors are oonnected in series between 

the first and second power supp1y te:aninaJ..s and t~en 

are oharged in the second states and 

the oapaoitors are oonneoted :l.n para1l.el. between 

the second power.suppiy terminal and a down voitage 
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output termina1 1.n the first state to thereby obtain a 

vo1tage between the first and second power supp17 

texm1na1. 

18. An interna1 power sapp1y oirca~t aooording to 

o1ai.m 17; further oomprJ.s1.D.g1 

a sw~toh.tng means oonneot~ng to an external. power 

supp1y between the voltage of the first power supp1y 

termina1 and the voltage of the seoond power supp1y 

teran1.nal. having at 1east one sub-power supp1y of a 
.. 

potent~a1 1ower than the external power supp1y, and 

operational1y connects the externa1 power supp1y and the 

sub-power supp1y and 

a means f ~r segaentia11y switohUlg the connection 

and nonoonneotion state from the switoh~ng means 

oonneoted to the external. power supply to oause. 

aharg.1.ng and discharging of the oapao1. tors •. 

19. An :l.nteroal. power supp1y o:Lrou.1.t aocorcli.ng to 

ola.1.m 8. farther compr1.si.ng a means for sequent~ally 

s~itoh!.ng the connection and nonoonneot~on state from the 

swi.tohing means connected to tbe sub-power supp1y to 

cause aharg1.Dg and di.sohargi.ng of the capacitors. 

20.~ An :l.nterna1 power supp1y oi.rcut aooor4ing to 

o1aim 18, wb.ere:l.n 

at 1east two arrangements of a p1aral:l.ty 0£ 

capacitors Whi.oh are sw1tohed between the ser:l.a~ 

,......, __________ _ 
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oonneot~on and para11e1 oonneotion based on a cloak 

s:Lgnal. and 

o1ook signa1s having inverse phases are supp1~ed 

to the above at 1east two arrangements. 

21. An :Lnter~a1 power supp1y circuit according to 

o1aim 17, wherein the oapaa1.tors are oOlllPOBed of 

oapaoitors selected from ferroel.eatr~c oapao~tors .. high 

die1eotrio oapaoitors .. MJ:H (metal.-:Lnsu1ator-meta1) 

oonf~gurat~on capacitors .. DRAM trench and stack 

oapaoi.tors, p1anar oapaoitors .. external. oapac~tors .. and 

MIS (meta1-1nsulator-semioonduotor) gate capacitors. 
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JN'IERNAL POWER SUPPLY CIRCQIT 

AQSTBACT OP _mE DISCLOSQRE 

An interna1 power supply oirClu~t. 

comprising a plura1ity of charge accumu~ators, a first 

power supply term1.na1, a second power supp1y term:Lna1, 

a f:Lrat sw1tch for connecting the plurality of charge 

aooumu1ators :l.n para11e1 to each other in a first 

s~ate, and a second switch for oonneot~ng the plurality 

of ~ge accumulators 1.n series with each other in a 

second state, the oharge aaoumul.ators oonneoted between 

the first power supp1y t~~nal and the second power 

1
i supp1y termina1 at ei.ther the first state- or the second · 

state, and the first state and the second state set 

repeate41y to raj.se or lower a voitage between the 

f :l.rst power supp1y terminal. and the second power suppl.y 

termi.nal. 

Figure 2 
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What is claimed is: 

1. An internal power supply circuit, comprising: 

a plurality of charge accumulating means, 

a first power supp1y termina1, 

5 a second power supp1y terminal, 

a first switching means for connecting the 

p1ura1ity of charge accumu1ating means in paral1e1 to 

each other in a first state, and 

a second switching means for connecting the 

IO plurality of charge accumulating means in series with 

each other in a second state. and 

a control means for energizing the first switching 

means or the second switching means in response to the 

first state or the second state to connect the plurality 

15 of charge accumulating means between the first power 

supply terminal and the second power supply terminal, 

and for deenergizing the first switching means or the 

second switching means in response to the first state or 

the second state to disconnect the plurality of charge 

20 accumulating means between the first power supply 

terminal and the second power supply terminal, 

the control means repeating the energizing and the 

deenergizing~ and 

25 
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the charge accumu1ating means are constituted by 

capac~tors; 

the first switching means is constituted ~y a 

third switching means and a fourth switching means; and 

5 a partia1 booster circuit is comprised by a 

capacitor connected between a first node and a second 

node. the third switching means connected between the 

first node and the first power supp1y termina1, and the 

fourth switching means connected between the second node 

10 and the second power supp1y termina1; 

a p1ura1ity of the partia1 booster circuits is 

provided; 

the second switching means ho1ds in a non-

conductive state the first node of a front partia1 

15 booster circuit and the second node of a rear partia1 

booster circuit in the first state and ho1ds them in a 

conductive state in the seoond state; 

the first switching means comprised of the third 

switching means and the fourth switching means being 

20 he1d in the conductive state and the second switching 

means being he1d in a non-conductive state in the first 

state; and 

the first switching means comprised of the third 

switching means and the fourth switching means being 
.. 

25 he1d in the non-conductive state and the second 
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switching means being held in a conductive state in the 

second state so,as to raise the vo1tage between the first 

power supply terminal and the second power supply 

terminal. 

5 2. An internal power supply circuit according to 

c1ai.m 1. further comprising~ 

a biasing means connected to the second node of 

the initial stage partial booster circuit for holding 

the second node at a constant potential and 

10 a rectifying means connected between the first 

node of the final stage partial booster circuit and a 

boosted voltage output terminal. 

3. An internal power supply circuit according to 

claim 2, wherein the biasing means is constituted by a 

15 switching means set in the conductive state when the 

first switching means comprised of the third and fourth 

switching means is non-conductive. 

4. An internal power supply circuit according to 

claim 2, wherein: 

20 .. the first power sup.ply terminal is a positive 

power supply terminal and the second power supply 

terminal is a negative power supply terminal, 

the constant potential is the potential of the 

first power supp1y termina1, 

25 the biasing means is a rectification element 
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connected so that a direction from the first power supply 

toward the second node of the initial stage partial 

booster circuit becomes a forward direction, and 

the rectification element is connected so that a 

5 direction from the first node of the final stage 

partial booster circuit toward the output terminal 

becomes the forward direction and supplies the positive 

boosted vo1tage to the output terminal. 

5. An internal power supply circuit according to 

10 claim 2 , wherein: 

the first power supply terminal is a negative 

power supply terminal and the second power supply 

terminal is a positive power supply terminal, 

the constant potential is the potential of the 

15 second power supply terminal, 

the biasing means is a rectification element 

connected ao that a direction from the second node of the 

first stage partial booster circuit toward the first 

power supply terminal becomes the forward direction, 

20 and 

the rectification element is connected so that a 

direction from the output terminal to the first node of 

the final stage partial booster circuit becomes the 

forward direction and supplies the negative boosted 

25 voltage to the output terminal. 
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6 • An interna1 power supp1y circuit according to 

c1aim 2, wherein= 

the th~rd switching means is constituted by a 

first conductivity type insu1ation gate type fie1d 

5 effect transisto~ with a gate e1ectrode connected to an 

input termina1 of a first c1ock, with one diffusion 1ayer 

connected to the first power supp1y, and with another 

diffusion 1ayer connected to the first node of the 

partia1 booster circuit= 

10 the fourth switching means is constituted by a 

first conductivity type ins·uiation gate type fie1d 

effect transistor with a gate e1ectrode connected to an 

input termina1 of a second c1ock, with one diffusion 

1ayer connected to the second power supp1y, and with 

15 another diffusion 1ayer connected to the second node of 

the partia1 booster circuit= and 

the second switching means is constituted by a 

second conductivity type insulation gate type fie1d 

effect transistor with a gate e1ectrode connected to the 

20 input termina1 of a third c1ock. 

7. An interna1 power supp1y circuit according to 

c1aim 2 , wherein 

the biasing means is constituted by a second 

conductivity type insu1ation gate type fie1d effect 

25 transistor with a gate e1ectrode connected to the input 
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termina1 of a third c1ock. 

·a. An interna1 power supp1y circuit according to 

c1aim 6, wherein an amp1itude of the first c1ock is set 

1arger than a potential difference between the first 

5 power supply termina1 and the second power supp1y 

terminal. 

9. An internal power supply c~rcuit according to 

c1aim 6, wherein the first power supp~y termina1 is a 

positive power supp1y terminal and the first conductivity 

10 type insul~tion gate type field effect transistor is an 

n-channe1 type transistor and is held at a higher 1eve1 

than the first power supp1y terminal vo1tage in a high 

level section of the first c1ock. 

10. An internal power supply circuit according to 

15 claim 6, wherein the first power supply is a negative 

power supply terminal and the first conductivity type 

insulation gate type field effect transistor is a p-

channel type transistor and is held at a lower level than 

the second power supply terminal voltage in a low level 

20 section of the first clock. 

11.. An internal power supply circuit according to 

claim 6 , wherein the second conductivity type insulation 

gate type field effect transistor constituting the second 

switching means is formed in an independent well. 

25 12 • An internal power supply oircu~t according to 
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c1aim 7, wherein the biasing means is a second 

conductivity type insu1ation gate type fie1d effect 

transistor formed in the same we11 as that for the second 

conductivity type insu1ator gate type fie1d effect 

5 transistors constituting part of the periphera1 1ogic 

circuit. 

13. An interna1 power supp1y circuit, comprising: 

a first power supp1y termina1, 

a second power supp1y termina1,. 

10 a first node, 

a second node, 

.a capacitor connected between the first node and 

the second node, 

a first switching means connected between the 

15 first node and the first power supp1y termina1, 

a second switching means connected between the 

second node and the second power supp1y termina1, 

a biasing means connected to the second node and 

biasing the node at a constant potentia1, and 

20 a rectifying means connected between the first 

node and the boosted vo1tage output termina1, 

the first and second switching means being 

repeated1y set in the conductive state and the non-

conductive state to be over1apped thereby to output a 

25 boosted vo1tage to an output termina1. 
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14. An interna1 power supp1y circuit according to 

c1aim 13, wherein 

the biasi~g means is a rectification e1ement 

connected so that a direction from the first power supp1y 

5 toward the second node becomes a forward direction and 

the rectifying means is connected so that a 

direction from the first node toward the boosted vo1tage 

output termina1 becomes the forward direction. 

1:..s·. An interna1 power supp1y circuit according to 

10 claim 13, wherein 

the biasing means is a rectification e1ement 

connected so that a direction from the second node toward 

the first power supp1y becomes a·forward direction and 

the rectifying means is connected so that a 

15 direction from the boosted vo1tage output terminal toward 

the first node becomes the forward direction. 

16. An interna1 power supp1y circuit according to 

claim 1 , wherein 

the charge accumulating means are constituted by 

20 capacitors; 

the capacitors are connected in series between 

the first and second power supply terminals and then 

are charged in the second state; and 

the capacitors are connected in parallel between 

25 the second power supp1y terminal and a down voltage 

ii 
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output termina1 in the first state to thereby obtain a 

vo1tage between the first and second power supply 

terminal. 

17.. An internal power supply circuit according to 

5 claim 16, further comprising; 

a swi~ching means connecting to an externa1 power 

supply between the voltage of the first power supply 

terminal and the voltage of the second power supply 

terminal, having at least one sub-power supply of a 

10 potential 1ower than the externa1 power supply, and 

operationally connects the external power supply and the 

sub-power supply and 

a means for sequentially switching the connection 

and nonconnection state from the switching means 

15 connected to the external power supply to cause 

charging and discharging of the capacitors. 

18. An internal power supply circuit according to 

claim 7 , further comprising a means for sequentially 

switching the connection and nonconnection state from the 

20 switching means connected to the sub-power supply to 

cause charging and discharging of the capacitors. 

19. An internal power supply circuit according to 

claim 1 7, wherein 

at least two arrangements of a plurality of 

25 capacitors which are switched between the serial 
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connection and para11e1 connection based on a c1ock 

signa1 and 

c1ock signa1s having inverse phases are supp1ied 

to the above at 1east two arrangements. 

5 20 .• An interna1 power supp1y circuit according to 

c1aim 16, wherein the capacitors are composed of 

capacitors se1ected from ferroe1ectric capacitors, high 

die1ectric capacitors, MIM (meta1-insulator-meta1) 

configuration capacitors, DRAM trench and stack 

10 capacitors, p1anar capacitors, externa1 capacitors, and 

MIS (meta1-insu1ator-semiconductor) gate capacitors. 


