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PULSE GENERATOR Field of the invention The present
invention relates to a pul se generator for generating
control 5 pulses. Mire specifically, the present
invention relates to a pul se generator, which is
incorporated in for exanple a switching regulator or a
control pul se generating neans for a stepping notor
to generate the cont PULYEIGENERATIOR swi tching

regul ator, on duration of a switching elenent such as
a MOSFET is regulated by varying pulse wdths (tine
Wl BEheQfiveeidhr ol pul ses fed froma feedback circuit
in response to 10 out put voltages to perform sw tching
oper at The poésenthmvemiigr hélatgs ¢é enpulse fgenera®t dbr Igendragng control

the o ut valtages, while . in the stepping notor, Do
biiSes A5 spraibp A Bin Etsent invRoeohieleset Rt ST bStsratar, which i
RO Bd iR VIR WxhAPleS RERHR fa8dd - i
Rel {zﬁedt arltﬁ 15 (}SneBof t he Pg%?éiggna?(gt ieggg&%:‘tr%ﬁ pulse generating
oeareftr acheppirgembe $o0 genekite thegrontrplipwees. {rethersatitwhingaegulator,
enerating thi.s,sort of control IS a sw tching
PR gffon et asyinnine domensinnyes e MOSTEF 'S wubli iatine puse
F3dtAD oMM e | i dARP IR DRirbNpl AT ACHoR el Blbadkubkdield fiponse to
No. 4-322161, such that a difference between an out put
vuptbgeltageieto peoformoswiiching ¢peeatiwmi € hthe gswiedhimgtabement for
with a swtching el enent d a reference 20 vol tage .
Sebibiethec the Pulpul ol AEREe DOF 1 o 4% dISEPEN U cltler jgriable
FEASY-Q/i 8B LohRbPis ApPlidlo reflAhR rE¥¥10MENsRefEAHOR S o angles.
circuit; and then a feedback anount contained in the
digital data is processed so as to be synchroni zed
ﬁi hdcl ock signals froman oscillation circuit, so
Cd®Bhtrol si gnal s generated by converting thus

obt ai N@Fe PEOGRS SBFreSiAivel NSO BAAMRIANS ddailas | AMBiSE a pulse
are supplied fromthe feedback circuit to a drive

ginegaipt for2genatasing bhispokisel chritsod pylsgrialassvatahing pygluiasor. Such a
to.the switching el ement, as the control ul. ses whos
WS (PEMAR Bt RETEAT i SPo¥Pofs dorged GUEptRRed paten
YIicaisn N Us3286abkddhzihRga tdierehdPbtw¥ o haGRitpul RBitage under
above Japanese patent publication al so suggests tha%

fpvijerdeg ie sheyswetchingdregnlatdiewish i kwitching edémenti andhayreference
iﬂgarease ali the ti.me of @lt transj ent .response in %]mhitchd. ital
YHEBE FEBERRIaI o A TGRS Lagh SUBPIIRE GiFle A CQfYSFeY fto digi
$la tbRgH 2 YeddbadiecikéniC QNP Mentd FBliacklaut coéfifined in the digital
frequencies generated in the oscillation circuit my
drde e pracesteduse asrisr b ispmchreonined wnth ¢legpeigoals from an oscillation

égc?%tg%% &At%%h&g’l s\ehgﬁearlls tggn%rziltéél 115y %grtl e%ing alutsa(%?ail\l/gd’ ]igr%%essed data
into analogous data levels are supplied from the feedback circuit to a drive circuit,
whereby pulse drive signals are supplied to the switching element as the control
pulses whose widths (time widths) vary in response to an output voltage, thus
stabilizing the output voltage. The above Japanese patent publication also suggests
that frequencies generated in the oscillation circuit may increase at the time of a
transient response in which the output voltage varies abruptly, whereas when the
output voltage is comparatively stable, the frequencies generated in the oscillation

circuit may decrease, thus improving transient response characteristics when the
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Di scl osure of the Invention According to the
above-descri bed switching regulator in which a
switching 5 elenment perforns sw tching operation by
control signals fed froma feedback circuit, if pulse
drive signals froma switching elenent drive circuit
are generated based on clock signal counts in a pulse
l&ener tor as sagovvn in Fig. 10, for exanple, then
OYPYL VPt age YyLs %al 1ing edges of the pul se drive
signal s are synchroni zed, for exanple, wth the
rising edges and falling edges of the counts that vary
Displogurstod ivd ngemomer . 10 Hence, a minimal variation in

d t f th | is limf; e
heviABigin P teqbevpurcabet FRITHIE Feetfiont whED g puishing
elSBBRMRHRIms IWRERHS Bﬁeraﬁﬂ&?!@y e6Wirol REhRFe @ Frohl's fd%Hi)a?:ﬁ circuit,

drive signal and an i nput Vvoltage are defined T.,
if golyedrive signalsefrom\acdwitdhingaclsment- dtmmmpmwmre ggamracd éased on

fqr .outputti ower voltage tha nput v
cloghesi RIS Jop Pulsp Bebesator 1§ Shon R RE ) Fof i amgle, HER Fising
eo‘%ﬁf’&ﬁ@?ﬁﬁn?%dﬁ%‘sd gtﬁ pakd QMé‘glgﬁﬁfs%l& %yﬁé‘ﬂrom’%é@?yf example,

Is clear fromthe formila (1),
witlo Weevmsing ctﬂgeswnﬂ(fhlihng eflgaspfehe cemtothat Wery 1ﬁ@t tepWiss menner.

are i ncreas i t he peri.od t he
HELE, & Simal vegatn b 1o BeHOR oftme; pilte, e ALEaRT g dimited

1n9\f1ta‘bhgeb§\6’ldcﬁmu‘i‘& J&%@TQJ of th@&uNeNtdiBlatAThekiRE ﬁhé{r one

in the output voltage under nonitoring, for exanple
perriodi ofcthe gquidst, dsve sigaal andawbhprnh Yrdwge hee defihial es Apd smxh Vi,

reipfchedy Bha SOHERV™ PaPELCPE B opPCGRE § AGW .Y @E® than an
1ngﬁn%1&tg@r tHeSm¥kiffal S28&kiod M 9F dEToukut SHMa ?@ s teQSreQe@%‘y the

ul Se duration TO, the frequenC|es 0

fbbgwuwﬂhnnmh(tirCU|t prOV|ded in the pul se generator

nmust be |l owered, thus resulting in substantial changes

in design being required. In view of the problem

descrl?ag above, it is an object of the present
AVoxéhtion to prdyvi de a pul se generator which is

capabl &%f performing a pul se-width 30 control in

increments of tine shorter than a unit tinme of the

pul se generator w thout 2/41 shortening the cl ock

pul se\s0igreddar Frons he/ Edtehuless (HNBoWEVdr, ifi smthhﬁaﬁé?feaéles of the
Sol ving the Problem According to a first aspec

copyertas are inepeased be., thenperiodi Bwmiche gulse ainpralss@al is decreased in

order to downsize a body of the switching regulator, the minimal variation AV, in
the output voltage under monitoring, for example, is increased, so that a problem has
heretofore arisen that a setting accuracy of output voltage gets rough unless the clock
pulse duration T, of the pulse generator is shortened. In order to shorten the clock
pulse duration Ty, the frequencies of the oscillation circuit provided in the pulse
generator must be lowered, thus resulting in substantial changes in design being
required.

In view of the problem described above, it is an object of the present
invention to provide a pulse generator which is capable of performing a pulse-width

control in increments of time shorter than a unit time of the pulse generator without
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5 generator for generating control pulses with varied
pul se wi dths, conprising: a variable signal output
nmeans for outputting a pulse width dividing signa
whose tine w dth varies every unit tinme; and a tine
control neans for detecting variations in a tine
mﬁdth of the pulse width dividing signal to allow a
nt.r ol varied in

P Shigshe o2 sfook il ctBisR s oh B R T 10 11
thls case, the time width of the pulse w dth dividing
signal fromthe wvariable signal output neans varies
b;M%ﬂﬂarfDItSQWm thel'ﬂl@blﬁnne control neans that has

recei ve wi dt h i di n

make th i e Rt A T R Chror G88 « pue
t @@nérhﬂ@ ﬂM’ %Herﬁﬁﬁg Q:@Eﬁrol\/ gil¥ed Rvifhn 051%@ PhRe Ofidéns! icBRprising: a
length shorter than the unit time. Hence, resol ution

ofvarihile pxslngleomptettmea@s forheutpusting alpujsalvsdthi diviting signad wehse time

S0 {fied e Rt oy BRopleol BBl AR variations i «

I @5 WidR RS Alhe fnnge RYAtR L GIRANE Akedl th bHBkfa philsdGRdth of the control
wi t hout taking the trouble to shorten the clock pul se

dprkeito he sanied ingnerements of pitime shestepthaniyee wair @@e

et os ok Uit R S e et b I Wit QTR siggat trom e

| ReRSHIB BighaPbutputl iBFhs! vaR@s Br%hﬁﬁi fine! TR tifold&oritbl means that has
time. 20 Further, in the se generator of the

pressied thepalse ivgifith @vwmsggmldh‘hwe\mrwa@u rngkestbgmalllse width of the

OUt t]ll%l egu\rﬁem\xhﬂ% ga‘éﬁ l{itg Qﬁ%reg# t tm”?n?ﬂe%g:% sngnt; it length

V\Aslskh’chr thdH @B uhf mm&m&@mm&he b®lsé WedtR W 88 control pulse is
wi dth of the control E se and a pulse width finely

dmpmvra@ 5@ angahe higher o) alpplﬁ gmeh@dtqo@l% Rmsmtwr%fonﬁ Réthe unit

c%ntro

d et 35 g 31 %E)ers l%tlﬁ,gt ZI Pﬁlée IguPerator 1ta§1ﬁnlt{?19qte OREAOT taking

C @i frohblo ¥ Sikorken the Qld&w;ﬁ@sevumthbrr SitginkYas tHE vihillitihge of the pulse
signal to regulate the pulse width of the contro
p&Frasaton simplyeddingstheftime contied meany enabiscy pelpe-#ikth coptgol to be

Bkl TP ARRAR, 0 HAE RSOl Tl WhOGhY v i no

SI gha nsequen me contro

det er m ResherPPA Qbté rﬁalsel %cdel“eﬁ()lp 9F SBe présewit dhiventitn! Bepulse width
control pulse tinme w dt the pulse width roughly

dAividing gizapbonsput faum sheayasiable HeEnal RBIPRE Fiealy @raprisasp Pulse width

oty BRI Rl v actR PR LA ot iireds el o he pulse

Windldlth d‘flmehontfbly)uﬁb rgd Si [k mdﬂbﬁﬁelpeﬂwﬁmgmlgm foed@Bulating the
vari abl e signal output nmeans. Therefore, the tine
c Wise gridthrptabe contrpl aniseytheupiy figme. Wheitimegtontmbmeans determines

¢ g}%r’bg mzﬂéﬁisﬁet pgllpee vM%' Std tﬁen c&ﬁ%l eﬁ[ﬁE‘é %yo{he 6&)ulse width roughly

dividing signal to regulate the pulse width of the control pulse in increments of a
time length shorter than the unit time by means of the pulse width finely dividing
signal.

Consequently, the time control means determines approximately the pulse
width as the control pulse time width, by the pulse width roughly dividing signal

generated from the variable signal output means, so that the pulse width of the
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time length shorter than the unit tine by neans of a
couple of the pulse width 5 dividing signals

generated fromthe variabl e signal output neans.

Further, in the pul se generator of the present

i nvention, the variable signal output neans is

configured so as to output the pulse width finely

QoYirdl Peise| 'cgﬁ‘age déﬁé@@% fd Iakd‘ﬁi Byl a5 fuidk Hibiey AHAY! dhviding signal
di vidi nhg signal. Besides t e tine control neans

robtuheat fromathewage vartible ngnallmltmnnmnls ﬂ‘bbs&)re,nthe tlme control
increments of a tine ]ength shor an.the

Repas spq aloy the pulpe Widgh g erﬁ?a&ﬂf 9“13? i ﬁﬁ Hepied lgda?fewggts of a
Qﬁﬁ@léﬁ%ﬂp‘éﬁonerﬂﬁ&?ﬁﬁu HQithlmé ipﬁ Redmeot'h HolpRSof B pulse width

control” pulse tine wd is délicately regulate
atﬁwtiémgtsimlamgeaerawdd’ﬂbmfthmemabm &!gldill ngtpgt glnaﬂlg is out put

and th he wdth ro di vi di ng.sighal i .
out put Pt i theiise seerigrontring Prosgit (Agian i abdble signa
Ioft ?fxﬁeﬂiﬁg 1?1‘051%2;&9:? sub §§ o\Mﬂﬁ rlhéf 'pﬁﬁlz Y idttY kiR dividing signal

si gnal and pul se wi dth roughly di vi di ng~si gnal
aheadoout thet pul@owaﬁlq wrewghlly dnudhag pigmab Basdida dfe tithe control means

control pul se rev d.froml en eni.n
G & B I of s, sFET DURE i inemens ctt A Be Jpnath ghorter
K BSEE indt BERte? 'ﬂ:le! puldy ‘Qiﬂ'tlgﬁﬁil glﬂyt cﬁvﬁmgo Horef h9€ B@t{na(;dtﬁg
means for gener at| ng the Contro U se en an |n ut

vol t agéccaxdioedy shea pplse datidr m timdcqnltmésphtsbdlmal“uéth iw@hcately

th t ft .

seienated Btler e pilfe Brai it 1 EBa Tl v aitotl, S g puise

i@t S 8GRyl AGhat i O0Rpud. Hfental il PGLsE iRkl F9Re LBNBYI puise
dependi ng'on the pulse wdth finely “dividing signal

&t definpdedfeareheripnisd wjdtdfieely diwidingt ignad wind ¢hepnise awdﬂgroushly

BuAe g BRSSO e ety SRl Y tbol RGO pise can be
%m\éﬁfeﬁfffﬂdu%%%ehﬁ@%n&%shﬁ‘ﬂg the time control means
regul ates the pulse width 25 of the control pulse in

i ncr errﬁwttherofona the prelsé gengratoshiothe @rcstehiaimvmktmruiniptrovided with a

t he pulse generating Si rated. fro

PHIEE, 2ehPHBing BFyRalo! RROUHENE LR omlll BoisE P RvbaRojngat Voltage
¥RddeBs Sae&)réd@tetrﬁﬁleau{hs@hsﬂnem&l T BRS odQuErIT the pll§e width
pulse wdth that is the control pulse tinme width. The
rorghdy ditiding sgnal mosmhgteﬂx ¢ dunepgontrolnineans jgspeies a pulse
the pul se. width finel i di l to t

shiBine Siea o8 et £ibleves 18! BpiRing, S (B puigpvidth fnely
HM&BEV sighi dt Ng pPéddfdniREaC efffent t RRhS RN blset E&lekaamg signal

time beconmes, the lag time being required for the
puraseosgé worthe Wﬂlgagsul J andghere by tuming thi pelsh aleaemmmgmgnal into
wi dt h

WAt Giighelf bt PllaeR. e dfodEorR BT s e pulse wian
of tHc! c’i\)h&ot sRNAtReaR offa Hieleapiht shottePthlaf ehed@iibtime.
earlier, thus enabling the

Thus, the pulse generating signal generated from the variable signal output
means and the threshold value set in the pulse generating means determine the pulse
width that is the control pulse time width. The longer the time elapsing from output
initiation of the pulse width finely dividing signal to the subsequent output initiation
of the pulse width roughly dividing signal becomes, the shorter the lag time becomes,

the lag time being required for the pulse generating signal to reach the threshold
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pul se width of the control pulse to be delicately

regul ated by varying the timng to initiate an output

of the pulse width finely dividing signal.

Accordingly, the pulse 5 wdth of the control pulse

can vary in increments of a tinme |length shorter than

the wunit tinme by neans of a couple of the pulse wdth
Jhivik QB0 | SH: Sf NG Gtk TAIPhIY BRidRE sRRhE %h%@h H
out putt neansg@r%% by ﬁ‘i‘eans of ‘?JhEe ){hresh% i?ﬂvalsuel set enee.
timish e milige theggmaionngf tﬂlea:natrolAptﬂsn gétheaglier,sthus enabling the
enerator o the ent n n is, provided w
tatsgé*'ldt%o)fg@ﬁé?%t Tigeia e %ﬁa@ n@sataf%gbt h@YE’@n‘i’F gyming to
RittiRe AL 0 m%agﬁ 8% e etsighl SARLGHINeNE dhe pul
t hr eshol al ue, :X)Iﬁw’esrelln thg gu [ se v%asg h roug‘ﬁr gl}the pulse
didthdifnige soigra | puldeeginnary @ bherondnpudf attinee tangeé shon:tzr tHan the
neans generates_a pul se _generating,si.gnal for

PRty Begpt phycorRle af q'af‘eB%lﬁ?j PR vickne HErae sppegpiRd from
tﬂe'\eﬂ'ﬂibl@sy el 91? 3l 4Pals Al bg m%?gﬁth%rtﬁ}cgﬁadgr%ﬁlq's@ﬂh the pulse
froma peak va Be exceedi ng the threshol d val ue
phrerdimgpneaw. generati ng si gnal super posed on the

vol tage, | evel, and then by turning the. pul

gener atSAgthei RS BSnATALOT ‘PfethF RERSERY BV enfine ‘Stﬂtg"’fi?‘i‘ré" ith a pulse
EQRAtg MERMIS Sk RS H6 Wheth An YhpdiABIt d
cont rto ?geof gg{?grﬁcrrggsrrentsn% é\ ti meglltl eng tlh ts o? e excee v e
pﬂedetetﬂmedl rihteshdld nealuel hwisereinhere pprilse v&géﬂne rtaighbg dslu@n gl signal
ener at ed fromthe variab) e signal out

nean
“St 1ebe AEYH dhey iRy (PR LMmERns gRETaieH g Bulse ﬁ@?%{f“il% signal for
dae(rgl'te{genl%vélh&ﬁgfﬂélﬁg ow @b fhbuﬁsl%a\tndtﬁ iR Mlﬁé’lmgnal at a
pulsetlnevm | ohger t tlneeasmg rom
pn@tlptutlnmeahlgtrachentcfmmfa pm mlils exwedinlg Iﬂlle rthteyhtddwaihenylth the
naI to.the s bse uent . out nit the .

S Eeusriiine SehuntPaHDrH O ghe glaEe kg Bencpy turing te
ffﬁlgé" Enetr:hﬁ'tgpﬁgﬂfal\{ﬁﬂoutﬁe puk RBltadd, e ﬁfnet&‘ﬁtr@lr‘}n'%&ﬁs regulatcs the
|n|t|at|on of the pulse wdth roughly di vi di ng si gnal
besowidth of che8ontivdtputshen tnoremensg)of rdund Engthhshopet than the unit
&eneratl ng signal to fall to the threshold val ue

Bfigt hens. I n other words, by varying the timng of
the oufRM! tHeuidead én@fhti‘ﬁ% siéh%i Pétles@ed Yokt thef vaMabl signal output
dividing signal, the timng for the acconplishnent of
mhanscapdithe Ithrp&hd;ievalge setrimtheopulsesgangratiog, mWStdhmmtmehe pulse

d f t t
Pl et nt e GG Gmedyio B aBE PR WEe sTitsBefyap puont
Rt 15d SIS VidiR HReRt B¢iddt: sflgﬂzﬂ“t& B éﬁ%&é(ﬁl@hﬁouﬁ?&ﬂﬁimmon
out put neans as well as by the threshold val ue se

fvﬂﬂ@e Pplﬁbs’edgvemsblmdwdmasm@al bh@npul m@ hightirHhe peakhealue at the
ul se. can. vary,in |ncr$ /41 .of

FRRE fhe, RilpR o e Ruis

that the time required for the pulse generating signal to fall to the threshold value

oug ly dividing sallgnal bécomes, so

lengthens. In other words, by varying the timing of the output initiation of the pulse
width finely dividing signal, the timing for the accomplishment of the control pulse
generation is varied, so that the pulse width of the control pulse can be delicately
regulated. Accordingly, by a couple of the pulse width dividing signals generated
from the variable signal output means as well as by the threshold value set in the

pulse generating means, the pulse width of the control pulse can vary in increments

5/41



10

15

20

25

30

Furthernore, in the pul se generator of the present
invention, the tinme control neans is provided with a

bi as vol tage generating neans for generating a voltage

| evel depending on the pulse width finely dividing

signal when the pulse width 5 roughly dividing signa
begins to be output. Thus, when the pul se width

roughl y. divi di i gpal ins to be output, the bias

B B PaRH PR we RIS 10y i he Vol fage | evel

( cor r eppAREHdge, i@t gulsdtensrhtod of B WBicht BEBANSH, A Bfe control

the pulse wdth finely dividing signal to the pulse

geans at pryidadgwith a 8igs tieliage BenepfingemgpaRk Forgenergng a voltage
ont rol pul se can be delj.c 10 .r | ated even |f .

TR et o AR iy e L o8O E el B BE duloe widen
5uplPy @ifviding sipHAISREINRAE be Ghtpwhi ch is different in on

time or_in period is output by the unit tine fromthe

var i ablbussiwhea|the pulpevidip aeughly drynding signal heginsctohgl aggput, the

enerator of the present in t] th ner.at es,. a ,
IR et R e GR T b B lea? e Cetisfesii co a kin
BF QViditbn® Méfenalilgeors i dlilsoUliatt findfy dRadifig fs@dfnal to the pulse
outputting a pul se width roughly dividin? signal with
gendrpngrsignnl. sovhnt e ulsppidhi dfathel Gonstpl gulseocanhe delicately
ul i.dt h. the con | _pul.se.and. .:W dth
Ao Vo i g Bsr il Boe B R RuR ielp Bl £ oy of on
pieseesth dfhwhienlis diffepbriitih oprtahe &k MApHYriod ¥ Sutpl 5y GiRAlnit time
varies by the unit tine, and a tinme control nmeans for
fremetbevagakig sisnel oHBUG Meahe phase difference to make
the pu wi_dt.h I l.se. [
 ner ontieestef i B} phlbE sRBRAR of 8 PRUERE i Bdor Bt enerates a
todteol pulset thhSvA4RSan pulse Widths ehemk didrpfovidadya diridbild Kignal output
signal fromthe variable signal output neans varies
Bigaphe fornputpetting 4 pulse evighaughlye @ércghs: signpbrithhe time width ,
e. W T I i Vi di ' I v $d N
DAL il S Rt o e OB SRR or SEURHEILpulleDER o pulse
afidth Cfarel ek e dinpesiphid] Sehove dibase \Biff&rbndes froletheopiiak®lof the puise
pul se time width, vary 25 in increnents of a tine

wétl tomelisimag e divisiom sighel \amice by ithe unit digeg. 4of Gntise cppfgol means

| - i} | S ¢
PR o I B, i T e com
philis€ Rarysin tilft@einkne of as@laliehgh shbrtérhhaptheamitganer at or

itself, Consequently, even if not bothering to

shor t el tifecase otk nyieskidduiiagly sividing, sigpal {Eom fhe ajable signal
P P ¥ BASIPL S  Lf 400L8 B ol v

eaughtyodividingvBighhl. (Hovesyef] Girsk i the) tivier c@Rral Mdane t&deives She phase
of .a time length shorter than the unit tinme by neans

ditfezenc 3pf cap Makp che,pHlsewigthywhigh 45 e fgnuplpise Epg width, vary

in increments of a time length shorter than the unit time, resolution of the pulse
width of the control pulse is improved higher than the clock pulse duration of the
unit time , which is the time resolution of the pulse generator itself. Consequently,
even if not bothering to shorten the clock pulse duration serving as the unit time of
the pulse generator itself, only addition of the time control means enables a
pulse-width control in which pulse duration varies in increments of a time length

shorter than the unit time by means of a couple of the pulse width dividing signal
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generated fromthe variabl e signal output neans.
Further, in the pul se generator of the present

i nvention that generates the control pul se that
varies in pulse wdth, there are provided a pul se
generating neans for generating the control pulse
when an input vol tage exceeds a predetermned 5

t hr eshol atln voltage regul ati ng neans

&Fnerr%tﬁﬁ?ré’ﬂ the véﬂﬁ’é%ggréﬂrl Sar“t‘age level, and a tine

control F@@is, fnQbe gEIOE gaiem@r JF RUpRRCI SNREALH Rfkt ThHIRbs the
for sIo tg"ﬁa voltage level with an operating voltage

d SPRtFRl pu vapgsein nuisg;vidthgtherecaye P@F ed Bpujsgigererafing means
offmI gﬁepﬁﬁ @k &Hér&le l.m’e 5{’1 pre Jlﬁllg CetleBE Qtdr éenmned

sign Into the |np tage I'S case,
p threshot: nanet mn@csatg:gaioltsgqomgubdng mmst foe régubatingcant sperating
rati n?o nmeans..ri ses _asl o

ISy S 58 PREE esp for b rata, & DBfsE EeAePHipe sienl for
V@iobfh@ea dottkge tevab withead! mp&&uﬁg Roltage fefinb@ 28081 abwghmu to

vol tage, however, varies, pul se-wi dth control

paRsyias the; wlsmwlﬁh pliths éoml Srhycaking the nuise generatmg signal

lﬁv%it time length shorter than a unit tine
|%epen éntlya the unit tinme 15 even if the pul se

gener at i Ingthés gasel thespuddst geinprating aigad Dpplidit from the el tchntrol

di vidin si,gnal s at_vari.es the unit tinme, .
P g B0 Ber e redt R artied X Tl dehnwe g Saepge level wit
i meeaﬁermgtdmhgegwﬁmtasme hpeOMhitOAs B¢l operatiR@voM@el, BSwever,
in pulse wdth, there are prow ded a pul se generating

ERE. o Pulgenteth FanFol e Rostible o }ymcéeplumﬁu@ﬁon 38t vary in
vg{c;a@&mezsp%% 1@,1%%9 sRérRd GhA! m&%ﬁ@e &-j)a eg.uy%'fl{ee udlt time
e S

t hreshol d vol tage gul ati ng nean ing the
t Ryassifichel pulse tggeatuw slgnaldip epbtrined nhmserbon rtlml puleamadth alividing

ggnenat y nerating signal for sloping a
v? agef’IP a%ﬁsq’tytge%mgﬁ fe the pulse width of the

control Fﬂ?ﬂieﬁﬁorbymrtﬁk pillge pdrRraier cfah@proena vegtic @Eﬁtenerates
into the input voltage. In this instance,_ the

U
gBrfORuPh PSS ths eTies, By Priat) Wifn Heo i BFeVidesh g bise geperating

MRy s tf@rté&eﬂﬁhéemgee&{tﬁ}l' Bﬂsém@ﬁb% fah S Gipud St ? e 3deeds a
falls aslope in voltage |evel However, "since
t bredetaoniged @hrp@gbi rdysla tbmshﬁsl mh@gqo@g@et@msm fon gegulating

\%%gﬁné(s% ide% h?ev&“'a?aﬁ YLD SR Blards fo?oééne Jttmﬁea pulse

thﬂ varires I n I ncrenen

| gf@tdnnghmbforhhpmgtalmimgu kvélltmgnlatéahepﬁlemtvmm of thi:Rentrol
unit tine eve i f the %ul se eneratin &gnal IS

oBYls§ P}%H’%‘é’g Bise graesghing yepd 4vtR U WP vVeHass gnal s
that vari,afiskstand®, thé gul® dnekdtifg sighaFshpplied from the time control

means to the pulse generating means rises aslope and falls aslope in voltage level.
Howeyer, since the threshold voltage level set by the pulse generating means varies,
the pulse-width control is possible in which pulse duration varies in increments of a
time length shorter than the unit time independently of the unit time even if the pulse
generating signal is obtained based on the pulse width dividing signals that varies by

the unit time.
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Effects of the invention According to the pul se
generator of the present invention, even if not
shorten the clock pul se duration serving as the unit
time of the pul se generator, the pulse-width contro
in which pul se duration varies in increnments of a tine
l ength 5 shorter than the unit tine is possible by

n f, the pul se width dividing signal whose pul se
?&%@éﬁﬁthngﬁV%% by the unit tine. Further, according

to the Butsi@ingerRetrt Pils®gehdi@opdFSBBtpredthe Mhvefion,t &&n if not
pul se wdth of the control pulse can be allowed to

viagrien; the ichek amabset durafiomsarying as dhgyumit tisreoef e puksgrgenerator, the

unj t t.i b ans .aof the couple of the pulse w.dt
Fi sl FE il pbisE <Gy Syl i Tudtinas s foe tengen
GRS -thdrH tHeN @I BER. isAfREbRI B nde@nd BE ufw%uﬁ@e 9eMBIdYiding signal

of the present invention, since the pulse width of
thescpHse bme ifthevarigs g thawndt ibeer the pul se width

finely dividin I gn and the pul se . w dth r.oughl

i v af nEr RSt he RO AN e st u G gt pe pusse

wid@h GNthE Qonibl Ng@ls@ 3hn be AMoeeNhethry iR Thdreneht & '8me length

usel essly. 15 Moreover, according to the pulse

gfearter shaprthe unit iisngbe ganrs ¢fthe seuma of theepulgauwisith dividing signals

1,fomt evcogglr o{ n?]ﬁclmsteutcagam\s/ar y in increnments of a tine

eng R VENDTE B AP Y RE ini t ti e by neans of the

coupl e PirtHepRory eordindt b tievpilidgesdradalos BEMEBhCthvention,

fromthe variabl e signal output neans and by neans of

tipee ther pulng (widthapl)heseantioh pulse is glafived gétge tha pulge width finely
s. 20 Further. accardi ng t.o t.he.pul.se generator of

TR0 E8al 404, 0 priBE SRAG A0S PRt HBE B Cufipe e

pilve diidi of (N @nteD Pkt SanEE Hréer@EDHBmIEnithenifg ufildsSES

each of which is different in on tinme or in period by

t he uniMofdgorer, feeordingpior thetmudsepgangeatey of the presqupénvention, the

l.se. c L el | at ed...
IR B R RS S SRy 4R R s egh shgeer than

hleageNtime yembienof thezoepledfithe pollse alithedivid@ng Signals generated
shorten the clock pul se duration serving as the unit

fropethe arizgifle signprkeutpuapas gpd by Heeany 0§ ghashmsholdgigtuediet in the

] ' I uration varies in increments of a
t’@ﬁ%@‘%ﬂ%&g Hz%glrter than the unit tinme is possible by

t he coupirtheffacthingdtdl ®e pusdtgdeneiavdrdifnfe pr@vM i@vdlition, even if
provi ding a _phase difference between the pul se width

e pElsy i Bnely dyigig signd comerigioe dke gioupiof tughpylses each of
Fhiehdl Pﬁfe?érgri@"on%ﬂnf S SRHIE S th& G0 e e .toﬁtp'ﬁﬂ%hé’ﬁl}u&? width
generator o he present” T nvention, “even IT ‘the pulse
gfethe caiitralpusdegianlbeidelichtlgirandatedsed on the pul se
dividiqg signal that . .
urthermore, according to the pulse generator of the present invention,

even if not bothering to shorten the clock pulse duration serving as the unit time of
the pulse generator, the pulse-width control in which pulse duration varies in
increments of a time length shorter than the unit time is possible by the couple of the
pulse width dividing signals by providing a phase difference between the pulse width
finely dividing signal and the pulse width roughly dividing signal. '

Furthermore, according to the pulse generator of the present invention,

even if the pulse generating signal is obtained based on the pulse dividing signal that
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8/ 41 varies by the unit tinme, the pulse-width contro
in which pulse duration varies in increnents of a
time length shorter than the unit time is possible

i ndependently of the unit tinme by varying the
operating voltage |evel. Mreover, according to the
pul se generator of the present invention, even 5 if

t he nul se generati,n i gnal,, i s _obt ai ned, based,on.the , .
Vtttes DY, it o8 ear st Qapol @ Which e, dyraion yaries in
inBRnRAtsSEr MitHeNefQRtshherd thaMihe liniP Winfeis PssibleORdMFNdGSLy of
in increnents of a tine length shorter than the unit

th paititieneplis warking the epreginedenitagey lokl.t he unit tine by
varying,the threshold vgltage |level s in the . pul se
goner atRGOHEAREOTGRE i Mot e RO BF Proreb R stigs even
iFitBe pllsk LeReraGie SBhAICIsCoiAHEd bEiedWMel plIss HIvAdihHAi AR that

exanple of a swtching regulator of the first o
mgs @Y tieenunit vme e prlseevidthi apntral irowhidh pulsg duradiogreames in

BertRERI< T cRime Bnefl <harForAgpakht | ol Fs g gngpible

26_PBL & Aly B THE ehit BiSne b?%ﬁh%’ theOthrdsh61dSRARBE level set in the
enbodi nent in the present invention. Fig. 4 is a group

mlsengonefagingnmedns-t s of each section of the sane. Fig. 5
is a group of waveform charts of each section show ng
one nodification. 20 Fig. 6 is a schematic circuit

BlicFID@btiplibist tha Drdgingge exanpl e of a swi tching
regul ator of the third enbodi ment in the present

i nventfii®nl. 1sRj sghematiccigcuirdiagras illugtvasingrane epiample offa switching

each sect,i of .t sane,, Fig. 8.is a schematic

SRR B T iR nE R s bafife of a

SW t CIFiN@ is 86l RS Ow avdforkhehaAre Wi ehctesdbash BEMe shite! he

present invention. 25 Fig. 9 is a group of waveform

char t §i%f3 Backhempetiq greupfdiagramsiipsiratingpne pgamplespigr Hifching
efarmcharts illustrating a.relationship between

ShRL 5t Bl S0 b M A0 e B T e oo s

gener @ is A grouosPweiMlefiitdharts Y5 e & se3BobBesthe Vpste. f or
Carrying Qut the Invention Hereunder is a detailed
descr iFpE-i &nisof sitwpdPheravefam shpitefafr atsbe sepiioge showing one

modification.

Fig. 6 is a schematic circuit diagram illustrating one example of a switching
regulator of the third embodiment in the present invention.

Fig. 7 is a group of waveform charts of each section of the same.

Fig. 8 is a schematic circuit diagram illustrating one example of a switching
regulator of the fourth embodiment in the present invention.

Fig. 9 is a group of waveform charts of each section of the same.

Fig. 10 is a group of waveform charts illustrating a relationship between

counter values and pulse drive signals of the pulse generator in a conventional

System,

Best Mode for Carrying Out the Invention

Hereunder is a detailed description of embodiments of a preferable pulse
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9/ 41 generator of the present invention, in which the

sane reference nunerals are used for parts the sane

as in each enbodi rent and common descriptions are

omtted for avoiding duplicate descriptions whenever

possi ble. 5 Enbodinent | Hereinafter, a swtching

regul ator as one exanple utilizing a preferable pulse
g%ﬁt@} 8f th fprés fit 195&1%{3Ht in »ﬂﬁ@lﬂﬂe‘&%ﬁefé&%@é ghﬁgra'lsnare u?ed for
etall wt erence to t accompanyl ng draw ngs

pargs thel s A aQ in leacti-embodinsnowha g:ohhmomhedcﬁpuOﬂs are omitted for
conflguratlon of the sw tching regul ator,

rending duglicaipdpseriptiqns wheneyes Rossb %m r of | nput

term nal s across which an input voltage Vi is applied

froma DC input source 3. A series circuit of a

Bwibodimeng 1 el ement 4, e.g., a MOSFET or the like and a

di ode 5 i s connected across the input termnals 1,

and an@ewHrttep 3 switchipg frgulaign s Ae gxamplsokdizing p Heferablc

glﬂge eﬁ&?@? lof He gresérﬁ u%%ﬁﬁ&giseges@ﬁf)&fﬁ'n §di&i C}ﬁldéfé'ené% to the
ouplFe of output term na , are connecte

agioaganying deapiags 6OFigs. 1 abdus, a step-down converter 11

is provided, which conprises the switching elenent

the di BdEiss, | hevingoke edple 6°‘afh%}1r?tfff€' Chphei ttchng 5egulator
?r@hé/e nfifieRW RUL ¥ oieaggpayp of @ Hﬁ@aﬁnadrgﬁu%hlcﬁ an input

age across the input ter rom-t
mlta@at Vi sr appliedsfr8m O DO igput csadro]:OS Aheribelarcuiorof of switching

the step-down converter 11 is as follows: durjin
glamsat fotiEof MASFER ercie He andetiods 5 lf ﬁan%qca&ea%osssthe input

thQIn&ﬁH]?dZ 91{&{ arﬂ:@ﬁjer%gﬁé@ réuﬁ c‘%&rg{rfsg'lg' e Sy é'(igncf:ﬁ’ 'capacxtor 7

ereas during an off perio
Bl @amaatted actdae tith dsdde 5. i%5 cbu;rlaexﬁ ammlttaednmallsw‘ gbateheonnccted

ener3¥ stored in_ the choke coil . Conseq ue(t t he
PISURe FRpACHER \@@eﬁéwgtde&na%qn&%ert ]He‘s PEREES vﬁ@ch comprises

&@Wtchﬁiga%mémwm lifode Er 2 dnldge Qbﬁltl B ttﬁé rawa%ha $:to Supply

toth st the non-i1ns
it empdbvwitagan\aeltm&r tHah am inpouml&agﬁr‘armfrmsrrhes mp215 térguinals 1, 2

illustrated in. the prese t di ment, a_non-insul at ed
#f etf’gf)eﬁma&r@mﬂse% efo %{Aaﬁgb ?‘é“pg&ﬁm&m ROHER PR converter
f@aYs BE £HINGRY: R‘le%eﬂl bR DefEd of Aht %&%ﬁlh‘éeélé’ment 4, the diode 5 is

alternately 1insilated type converters wt
turrelsd 6 ane lenengy es wtonsidinttbe icbakeatad! Griwherpast dmmgeatf pifirperiod of

n o t side orwar d converter, flyback )
B akhtne Srmnel b ot SUBLER to fschnterp e saptey sored in
lﬁ@b@l&’dﬁe%ﬂ' 6. I@foﬂ!éq%ﬁ’tl)a &1%99%6{( \f%;'ltragé“ Yo desnerated across the

corresponding 30 to theé pul se generafo
smedshingziapgriton & 1osupplied frokt mgeumt tegouimpal § S,l Shg: the ddadaide

Sle;”eglt j gtst?n%: gxtaﬁ?-{lgsgtqﬁ%gpg ate or\]r% gosnv%rnteroﬁ &ut}loﬁltoal Ergr%?ormer
is illustrated in the present embodiment, a non-insulated type step-up converter or a
step-up/down converter may be incorporated instead. Alternatively, alternately
insulated type converters with a transformer intervened to isolate an input side from
an output side (a forward converter, a flyback converter or the like) may be used.

In the present embodiment is provided a feedback circuit 21, corresponding

to the pulse generator for stabilizing the output voltage Vo, comprising: voltage

dividing resistors 12, 13 serving as an output voltage detecting circuit connected
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10/ 41 across the output termnals 8 9 in order to
di vide the output voltage Vo to output detecting
signals; a conparator 16 for conparing a voltage |evel
of the detecting signals with a reference voltage of
a reference supply 15 to output a voltage resulting
fromthe conparison; a DSP 17 (Digital Signal
acR QGRS SRkt IO 839 iR ofdHrl BIM;Aad i GBB: Ok VATRAB R pus
that recé€ives the conpared voltage resufting fromthe
dect@mngmgmﬂs T6cdmparatopUub far poinpering dt\hﬂn‘agm ddwel of vhal idengctmg
. nal . Vs ose t varie aunit tine
S‘%‘F’%W“B GITSET RGP é{?“%ﬁ? ‘;%A Y IRAeTgCe F%I?Fal’ égé‘é OE‘[PBEW%'F‘"’éﬁéF%‘m“g
t I t r,0
e PR o PSP 41 (DTl SR PeBtealons ERIBER, o iable
signull Seutpiid toleaink n&iay n&cmm{u ml@ suogmal-ed\/szolmge clesulingufrpmt the

f the DSP 17 diff
COARRRLEN 16 R optput 8 Rmsatwdfh ﬁeﬁﬂy ddvlslvnf& ﬂéﬂ%ﬁ%ﬁgﬁg%%ﬁdmth

vatiag bzlél St WndiR c[&#%lls% tﬂlgéfioggfr‘r%) %gg&?{;:nygﬂow gﬂais a time

out put separatel rom-t to genera
couaoycwls (3] rmm:sg 80a tinde (csml Fiegns Mat ideteatsCeaniatiohs in a time

_si nal servi ng.as ul se nerating signal, th
F*?r‘é‘a%d’lﬂr?ed‘fld‘é’ %‘?ﬂl%é“’é‘?‘ %élggiﬂgﬁ%uw‘g?}bbﬁg‘?“é %ff%n #F?eDSP 17,
bySHeAG el ??%@ﬁce“bé?@bé?}gth@|ﬂu&%d§lpflﬁa§/ydlbﬁlng Sr%?Itlal Vs and

increnents o time length 15 shorter than a
the ipise oFidith eouwghtic Mividigp asigniay Vieawhichf isfoutpdt separaseéy Groth the

b8 VA WSS 3o ebmetngonabie e Wafphroksignal va
sexd/'iﬁgl% £ pana! e}{&aﬁ Sgnal) gmkrﬁ@ wWi@hldis @g&é ﬁﬁbé‘ﬁ]gnal supplied

el ement 4 en t varying seg t 31 o
to dbﬂtswabhmggaiahen!dfl @eimgr:dloeuukdi to tdre ihiineregentsrefl a time length

circyit 18 . reac reshaol.d val ue t h. ,
shiSts thaty oy St Dotttk PRMEHY PreluAl TErig: sremmd seving
segRedid S0l @qt aﬁ&'%t dﬁd‘écgir@uﬂ"@(ygltrvﬁﬂép% prlltléeggcrﬁ:f’zﬂﬁlr Oheans that

circuit 18 provided, that is, the cont
supplies i Ctnvh&lgmll Mgeafpnemqmlseemblmjswmhnng slemeot/4 Wdadn Vhetslacond
a.function enera e. the éontrol al. vd wi

VaRRg PEEMSRA r3tl £ B o P ﬁ{ﬂnglev SFAETASH "fl time cg ﬂ'ﬁ?lemc&ft 18
reddi€s RWreho?d b RUE S/d i) PaRitudRl Yo ndibd &l ﬁhccﬁré@eﬁi! &fbodiment

signal Vs and the pulse width roughly dividing si gnal
is Wiet fayt thiat ewoht hingved oyl of tinetchetrpltiseriold pupsvideds that &, the

. generated 25.in the DSP 17 .and have | arge,vari atj ons
tnfte o et Gy, bEplesons Bl dR S mrEV dEa Sl R hEGion

geﬁ&a@%& estrord %%faPVHT%le srﬁzhfer F?Hlllﬁﬁ)n\é"ugbﬂlse fdhﬁﬁbﬁ than a couple
di vi di ng signa , the pulse wdth roughly dividing

of $heypualse Yniputshighe pwise (wdthsﬂrgnh)a Ichv\w&ina isegnahd's pmk?lstbe gulse evidth

| As f Fi
oLt WRREERY: 150 s AR o B Tl S i FredePraes
in Hedd P wugdphyvedllargedlaﬁ%&isqa@msaqu}«érﬁohhat have the sane

frequency are output fromthe DSP 17. An on tinme T.
of Fig. 2 shows, in the order of top to bottom, waveforms of the pulse w1dth

finely dividing signal Vs, the pulse width roughly dividing signal Vm, the control
signal Vd and the puilse drive signal Vg, respectively. As is clear from Fig. 2, the
pulse width finely dividing signal Vs and the pulse width roughly dividing signal
Vm that have the same frequency are output from the DSP 17. An on time T,y n of

the puise width roughly dividing signal Vm varies due to an abrupt change in the
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the pulse width roughly dividing signal Vmvaries due
to an abrupt change in the 11/41 out put voltage Vo or
the like, while an on tinme T., , of the pulse width
finely dividing signal Vs decreases by clock pulse
duration Tl k when the output voltage Vo as a result
of nonitoring rises, whereas the ontine T,,

by, c [ T .
bﬁ‘@h@ 353 Yo CORE U Sehijeltf Al B TILK 48R A& width finely
rmhda&g nghth5 dédregky/ byl beid palge dugriah TV whenl tHehmutputlvettage Vo
wi dth roughly, dividing signal Vmtake_ pl ace
3 FrﬂF%“étn@%{E@WOﬂ% fipes, mihereay thyy op ﬁl@lepmnsemwea%qﬁ by; ¢lapk, pulse
dhotli0h A9, VA The YatobiP v¥ %easm fauts " hdthot Ol 3hH OB taerbm&ewmh

y, since an operat

ﬂﬁélya@adhigcmgm Vapmtlltl?dpzhl@e tuiidth DS hly dlvtlchﬁg plglname tdkd place
finely dividing signal Vs and the_pulse width roughly

tmptahenyshh gihdle e ol Ge gulssweidth oy dpuidingsig é’égs aﬂnablc
rdbio Vol Y€

gescr I p ?Igsg% @E ﬁg‘%%%m-glﬁd?g :ﬁ)on gegm e&t 0%‘)&%1 §019‘|ge Vee is
applieditd tHSDSPN 7, wiei pullseawiddr fihdledividing signab¥Vs and @i wiley width

R11 and dLschar%Lng di ode D1 connected in parallel to

foyghly dividipg miggal ¥ireprecrlionied tprqptpu %ﬂﬁgétaé&h%é%@ﬁeraﬂng

j ut termnal of the DSP 17 at which the

@OIF%E?%\‘/;egtwtﬁpf nely dividing signal Vs is 15 generated

and amNéxfsita desecriptival ofothe tchafigurhtien of theutime 20ntroihditomital 8, in

series circuit of another resistor R 12 and a_di ode

Hhichx PRralick REFHY 05 arieHisios R Il i dischasging diede Dr}e?‘Wé‘é?Fed in
ond..qu put r h
RGO RO i T SR Gpoky B Epk(oeflt BTLER: 2fie owput
@ndinah efi nhpuDSPer?manarlrhldf th@uidei waltieifiredy tdid0ing signal Vs is
Further, one term nal "if a capaci t or C IS connect.ed

ganerpierthand fgsingpt perminal of the (5ive pifchig; 20, rwhile A igEips gircuit of

MLottﬁbrtlléﬁsﬂoPﬂytut £l Ql?ddeolﬁz tihe gpé’v'eff@n Lreidde #08w %Edn‘flected
e other term nal he capaci tor i's connected

thvhemag;emmidodtpmteterrmmbbt &@eDSB\lélat ofhich th:eopuls&)tmdth roughly

i gnal eperated in the, i nput termn nal e drive,
& g?ep am d R da and, g pet femjue Pﬁéhet Pl (capcait 20.
p&nﬁe‘?eo&a@ﬁﬁintapf)f Qcaﬁtcﬁ@f £as cSﬁﬂc@fé‘dtwf?ﬁ ohd @nc‘se&' ﬁth’ fan@ R 12
11 ‘and the capacitor C corresponds to a first
thanerevainnacted (mth/dret inpgt tﬁrmmail tof ftioe drimeé sirogt dOvudhﬁlaghe other
Ievel the contr sign proportional o the
a.].ng{r -fhe capa&toE elS %g%ctw Fi 2 Q:_ql&gl ]eﬁe\”fgxlﬁgage ﬂevel of a
@dn%@klg §1 vd f%érgﬁﬁ in WREInPEY tefiRinGl SCMEIrRE cﬁrlaﬁlt 20 Js equal to a
resistor the capacitor C corresponds t
@étagndcxtoss‘rﬂ}e\xaimlagle O(EdrmapamtmgCt:l rcuit for rai SI ng the

vol tage | evel,

cont r S| \vd porti on
Vo 1 hok s g of e SRR 1, AuIe capariePtRnysonds to'a first
Gn¥iv@itAEe converting circuit for raising a voltage level of the control signal Vd

proportionally to the on time T,y ; of the pulse width finely dividing signal Vs.
Further, the series circuit of the resistor R 12 and the capacitor C corresponds to a
second time-voltage converting circuit for raising the voltage level of the control
signal Vd proportionally to the on time T,, n of the pulse width roughly dividing
signal Vm. As shown in Fig. 2, in a state 1 beginning with the rise of the pulse width
finely dividing signal Vs and lasting until the rise of the pulse width roughly
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30 signal Vm As shown in Fig. 2, in a state |
beginning with the rise of the pulse width finely
di viding signal Vs and lasting until the rise of the
pul se width roughly 12/41 dividing signal Vm the
capacitor Cis charged by on pulses of the pulse wdth
finely dividing signal Vs via the resistor R 11, so

that a first varying segnment 30 is formed where the
cdjmdmg sighalnéin, e cppaséter gk glp@g«cdr byrom grlses ¢Hithe peise wigdth finely

2SS vand L Tl resPHr I8 1 il Bl R eile s B} 3q fyformed

SwRéte RHE $88rO siEhd Ve WIS frbhngdry. Birted] M0a SiagNalafter the
Vs via the resistor R 11, and besides the capamtor C

i puled wisdte neughéyl diyyding eigopl Bunl kasgiseh, thhsapagitaeCvip ghirged by the

t%gw %S f’ﬁl Vi gw? h@n@ﬂ%{ ({}g\é'il%rt.he r‘gsi St@gggﬂét%f #91. and

Visdsie§ GheS E4paBIRGr @ls his§ icRErzB®HY thé B8 Pulkeast MRSulfkaRidth roughly
does the first varying segnent 30. In this instance,

r@sndsng signal ¥ mevda v renistor BsliZs sothat Ra lim comrol signal ¥ diformed is a
ca ac tance of t hgs‘ia acitor C ar

KT Flerient SLREE bve SRl R o ks FreLhiff varving

tsfégmléﬂﬂ 36. W Gkl inSUBY, redbtWedvNdes 8NAE rédislodsaRt 1NOR12 and a
until the vol tage level of the control si ghal Vvd

reapatitace of Hhesapaaitoy 4T aee WRi- hthat andmehEd elgpsipadin the state 2

var in se nt 31 s in.tncr nts .of tine . .
e RERTBF ok o VB e Pl "RETE Yo il 8 tqsing woi
&ﬁ& %lt d Iéﬂelwsﬂthe ¢tk tsighRAs VidrehdhRs @Mhiebid Value Vdkh along the
t he pul se width finely dividing signal Vs.
weacmd ﬁtfylrtgh%egﬁ@@él Bacierigs e MQrctzqntﬁafoftah@mw@sgéhtshorter than the
r f uls -w dth var |ngcntrol
B PITEE bl g AR Sl ARRoEha B SpCamg o s of the

(puﬂ@umduphhagehwamlgrg@faj penhi toring. Objectives under
moni tori ng may, however, involve not only the output

voI t ag Meantime, tm §ee(ﬁ>a@b rCFféth 31| ghithey preseetugmbedimenp performs

3 ' of) fol ofo{he WseC Okesf:g%!al Vg ?Sorﬁ% > §tabilize the
bac CI rc a peaxk curren cont Xt IS a

dﬁ@;ﬁftl Wwliags of ub@diat\dbﬁitorﬁfg. tdgeabey andér &idhitoding WISN however,
the pulse drive signal fromthe drive circuit 20 is

gamiw awt tanly Hbe SHERUE Hodgee | ¥ndHt also & [parrert flowine ghrough the

SHGTEReiaRREL0L B UL S0 £, SRS ALK B8 o DR cureen

OEtage ower e I'npu
|@ngenerat ed across the snoothing capacitor 7. The
voltage Vo is supplied to the |oad 10 connected wth

out put Nexf s gadescrptian ofehayiorophthe #have, cirguitee dhberk the pulse
Cdrfv%uéég'%%t]frorﬁst\l}% I% vgocrl{?t]ltaﬂp}/s $ gﬂ fggéco%‘)éﬁ&in?% e?é?lgrtnﬁ 4, the
\saitchiing aemt:nm pefforms a switching operation, so that the output voltage Vo
lower than the input voltage Vi is generated across the smoothing capacitor 7. The
voltage Vo is supplied to the load 10 connected with output terminals 8, 9.

On the other hand, a feedback circuit 21, as set forth above, monitors
variations in the output voltage Vo to perform the on pulse width varying control of
the pulse drive signal Vg output from the drive circuit 20 in order to stabilize the

output voltage Vo. More specifically, a voltage level of a detected signal obtained by

dividing the output voltage Vo through the dividing resistors R 12, 13 and the
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the pul se drive signal Vg output fromthe drive

circuit 20 in order to stabilize the 30 output voltage

Vo. More specifically, a voltage |evel of a detected

signal obtained by dividing the output voltage Vo

through the dividing resistors R 12, 13 and the 13/41
reference voltage of the reference supply 15 are

CORRaERY J%Yta%J‘@f ﬁﬁrm?errﬁfc@rsu%ﬁytlg areé %Bﬂpﬁreﬁhﬁsﬁ'@ Rapefhtor 16 to
signal output to the input tefrm nal P 17.

Resupplyi they cmlhpareé signal ouputperthe inprg tO8Enal D gk BDSEtIdsReceiving the

o ST PRIy Do I BB glESy R Sifo0ae SFmiffle RGP Pulses of the
?Idl&swm(h inelyo&Hidam %%&ngl VuhHokOBn kHe TWNI lvﬁnésh?y PSRk pulse

gener at es, fromt e other output termnal, the on
pde;a’s)mTcm:, hvehifeuthe eDSP dt hgemeragisl yrodi thiedother sutgnmerm!mal the on

Wi th t T fter t ul idth
rimit ot Bhifs "SrtrRretd dding B! YBPEhToRgRep tme Toom
t rh@te?&e@&ﬂls%%xdﬁf fihd1§ dPH ?si’gngf Vs hadglen, di vi d| ng

si gnal have risen in the state 1 shown in Fig. 2,

the ti rrélmmenowmm I:lurumt puiges ofi the pubss widdy f}nmlg dlmdlr!lgcﬁlgﬂal Vs
e S RET BB s} Fhe B BT ARt e Eo st Sy g Riates charging

fig %é/ céﬁalﬂt&' @grlasﬂﬁr}éélst\@ R Bl qHER! ast Dvé1bre ABRA BF kiiDon pulses of

vol tage Vcc, a voltage |evel of the control signal Vd

f Ghenputsheviditr finely adiyiding segaie‘ﬁi is3equal ¢¢ the oparhpe valtage Vec, a

ti t goe The _volta veI f control

s GTiake Yo of e G st v e e Erﬁ?emgaﬁféra%ty” rising
t hgiohe!dsoMnB g %&%mﬁ aTHe?Yoltake M0kl of VB cdntdod)signal V}d fs linearly
Accordingly, t | onger the on tine TO" 5 of t%e pul se
wiagptoximated ps chwttsdnwg byshgfrdlowiisg fremote@). t he hi gher

the voltage | evel Vdl of the control signal Vvd 20

becones at the time of the rising of the on pul ses of

the pulse wdth roughly dividing signal Vm thus
om’cagrﬁ’mg—t—he forma (3) as foll ows.

Vdsch(Toﬁ kCTon m (3) RLI- C 25 Wen conng into

the state 2 in which the on pul ses of the pul se

roughly dividing signal Vmstart to rise, the

capaci t wcc&dm%f hBE gstenBle Ntide V,R, b thel RieSkAth Bneld ldividing
but also via the resistor R 12, whereby the vol tage

| ¢igmial Ofs bh@nmmtlmlhl@ewm waltage leyel ¢ i s>fathvcﬂon&rgle signal Vd

aé%g%ﬁesi giﬁ ﬁ:glac If tthc rising ol‘ 2 otnhp%lsteg aF §he pu Tl \%ﬂ%tl} ro%ghly dividing

signal Vm, thus obtaining the formula (3) as follows.

(Ton_s—Ton_m)
Rl C

Vd =Vece

(3)

When coming into the state 2 in which the on pulses of the pulse roughly
dividing signal Vm start to rise, the capacitor C is charged not only via the resistor R
11 but also via the resistor R 12, whereby the voltage level of the control signal Vd ,
which is a voltage across the capacitor C makes the transition to the second varying

segment 31 that rises more sharply aslope than does the previous first varying
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segnent 31 that rises nore sharply aslope than does

the previous first varying 14/41 segnent 30. At that

time, |inear approximtion of the voltage |evel of the
control signal Vd yields the followng formula (4). 5
where t denotes tinme elapsing after the transition to

the state 2, while R I1//Rl2 denotes a conposite

r 2 )

SR NG XEWIE Bl bl o Brbod Wity of e conol
esigiad S&ledelds tiehfellbwidgoformala (#ornul a (5). RI R12 10
R11//R12= R | +R12 (5) Accordingly, when the voltage

| evel of the second varying segnent 31 of the control
signal Vvd reatches the threshold value Vd_th and thus
te=pubsedrive sigigfl Vg f4)omthe drive circuit 20

rises, tABWIRR%Capproxi mation formula of the

forgoing 15 forrmula (4) is expressed by the follow ng

one (6). Vd_th=_Vcc Td +vdl (6) (R I//R12) C where

Td deno ' g 4 L. Nl .
i th tne Ers S ushblE EheRipkily ik e itikof BOBEMED. whil
rRLUGRIY dendtdd ng cdingosits rosistvred viahst iofigRumt i &nd e 12 that are
vol tage | evel, of the control signal Vd reaches the )
tReradlefiapRnesiady cl hgg cRmposiie 1 kpisHYfe Vgt Mgexnressed ast thepfollowing
Cfgﬁﬁ‘ﬁgl(s signal Vd has reached the threshold value

Vd_th, the capacitor Cis further charged and the

control siggnakiavd is kept at a higher voltage |evel
t%’@%?ml d vallle Vd_th till the on-pul ses of

t he pul se + th finely dividing signal Vs and pul se

wi dt h roughly dividing signal Vin fall

si mul t aneously. Accordingly, the drive circuit 20

keeps guppldynglyg whea thelvsieagdriewsd of thegaadml Wayiag sédmemi31 of the

BRPE 1R U eehts e TRt Kalug i yand ByS|ihe pulsn drive signal
GANFHA the @Rl cirdlic 2PAGRESthE Iﬁﬁe&ﬂ"ﬂfp??&@}n%%iﬁ@kﬁgﬂaﬁ bftthe forgoing

and then the on pulses of the pul’'se wd
dornnda k) is iegprabsedyahel follovdrg vnal ().

Vd _th=Vee * Id +Vdl 6)
(R11//R12y C

where Td denotes the time elapsing in the state 2 beginning with the rise of

the on pulses of the pulse width roughly dividing signals Vm and lasting until the
voltage level of the control signal Vd reaches the threshold value Vd_th.

After the voltage level of the control signal Vd has reached the threshold

value Vd_th, the capacitor C is further charged and the control signal Vd is kept at a

higher voltage level than the threshold value Vd_th till the on-pulses of the pulse

width finely dividing signal Vs and pulse width roughly dividing signal Vm fall

simultaneously. Accordingly, the drive circuit 20 keeps supplying the pulse drive

signals Vg of the on pulses to the switching element 4 to turn on the switching

element 4 while the voltage level of the control signal Vd reaches the threshold value
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roughly dividing signal Vmfall sinultaneously.

Thereafter, when the on-pul ses of the pulse width

finely dividing signal Vs and the pulse width roughly
dividing signal Vmfall sinultaneously, the swtching

5 element 4 is turned off. Subsequently, since there

is provided a tinme during which both signals Vs and Vm
a4 in@n 3k B bultAbemaMise RARELHA& dilam L8 U DUIR width
t he cgpaci tglrl C ?s dirbgcshar gedlr agi (lzll y ?hr%ﬁéh S't hedp e
dicoghklyRitvidingreigiab VBSRIIsTpuktineousyt age | evel of the
control_signal Vd returns_to ro, .stangj eady,.for,

Che. nexEhecdhes when' i purpufses of Al byl Wb il Shaldig signal Vs
WHCHhe! RifseVQldiR o8 Y Blvidihe SMRaC O bl sinddAALou, R switchi
reachgsﬁ?sﬁe thr eshéo% \)'éll uge d th and %lhen thoél H’ switcling
oslempentsess ofrmadheff piitsequendy hsifcentiere isdprovidied g Smgnriating which
Vs and pulse widih roughly_dividing. signal Vmfall, .
e Bl RS et U s i Tt ang ath Bat B8 b tored in the

Sé9Rako \@ﬁ;adlgchﬁfgeﬁ hpi lglrfﬁr %H%&&’ib&@fﬁ%&lﬁ thOD]P 19Mthe voltage

tinme ofrt e sw tching enent 4. To transformthe
fbvﬁudﬁathﬁ,cohtrel_ signa Vd retnrnshe =ratwaling readpries gednas state 1,
;?ﬁ}&l_‘t]ifsr-'i}g %H%M 0 ocI_, %E.lguplg %ngak;lgec;olifglfltl%\/«'e?lo%)thg control signal Vd
(RAdded RS e d@RBLE v RO V) th MRLthRA thd Sh-puiskE OGPl Plsd idth finel
t he feorrrul a7, i¥ the threshol d val ugqu_tﬁ ofﬁl?ﬁe ' mely
cbwiding sigld & gmbpulvd wadth whighthy thadiog sigrias &sn 6411, tcheresponds to
pul se .drive sjgnal ri.se, .t he erating.voltage Vgc
RSt e T R Do ATy S SHhe FURIGHIG caGrRaPgto an on
SthB8F théBwilchfg diGRdntl4l ve val ues of the resistors Rill,
R12 and a capacitance of the capacitor C are assuned
t o be dlol rasfmatie, fotthela G the timeaTd tin nige vtatey? ng expresshd as the
g’rgﬂ in the slta7te 2 at the tinme when the on tine Tons

PR A dth finely dividing signal Vs varies 25

by the clock pulse duration T,n (=ATon_smn) as a
mninmal unit, is expressed by the follow ng fornula

87, ANMRLLY RI2) G (B~ throfdlami n(8) R11 16/41 In the

f_or mul a 8_ ment _V@:ned above, since the m ni nal )
ti mecpmanpRIng @ 9 i (R R12)-(Ton_s —Ton_m)
- Vee R11

. According to the formula 7, if the threshold value Vd_th of the control
signal Vd at which the on pulses of the pulse drive signal Vg rise, the operating
voltage Vcc, the on time Ton_m of the pulse width roughly dividing signal Vm, the
resistive values of the resistors R11, R12 and a capacitance of the capacitor C are
assumed to be all constant, then a minimal time-varying width ATd in the state 2 at
the time when the on time Ton_s of the pulse width finely dividing signal Vs varies
by the clock pulse duration Tep (=ATon_smin) as a minimal unit, is expressed by

the following formula 8.

(R11// R12)» ATon_smin

ATd =
R11

(8)
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ATd in the state 2 corresponds to a m ni nal

time-varying width of the on pulse of the pul se drive
signal Vg, regulating the resistive values of the

resistors RI, Rl2 in 5 the configuration of the tine
control circuit 18 shown in Fig. 1 enables the m ni mal
time-varying width of the on pulse of the pul se drive

signal Vg to be set as an arbitrary val ue shorter

than the clock pulse duration T,jk contrary to the

pul se wi dhhhe forfmily 8 dhetitdned) abovgn aincd/shd manimad timesvarying width
di scontinuously in time wwdth with the c|ock pul se

duRd BriheE5adRe icpEESPRIdntar? AR (e vargiget wideh af the on pulse of
pr . e i .
Gogg st O£l VE FRETAL 8 Hlh PR AR BRERAERYP. R12
Swhé confighratbdreothe tinhe cam®e sirciic ¢® shlbwg id Bigl NeenhblesntHeaminimal

8, .when the mninmal time varying width, OId of the on
pUiae vamng, wigi| ofethgr ¢, aulse Gh4he wylsesdrinessigad Y tpee set as an

SNBL: [ St t St .
Dbt U0 7 W IS L SO Sl B e i
Al firet ndiviidiak Vsigriah 6/snthat wadest disenvihobus AT tieenwhigh alitiothe clock

regul at ed by nmeans of a 15 so-call ed phase shift that . .
vaﬂuiLfSé*rsd“aattﬂﬁhE@c ertined a8 fcBinpaal il sp ﬁ%ftﬁumrgwieaqeﬁ of precision in

£ pash . - . Ly
B Ll sl B0 30, P Mg B9 oo
Wietkinhert inveéasedi Adcdidige &i fadbrmirda Rewhercthe shiaimhal time varying width
Further, since Vvdl, Vd var roportionally to the Vcc . .

VT8 CE A LSS R g GHHEAUETE! VA 15 CRGTechio bR Y- the resistive
xgvlla.fu_%% tNC Cesiod RE1 B%g bt mdfVaRe, Wabk ek e RY fa CRe ggde small.

known operating voltage 20 varyling neans s
a AGcvharddiy, ahe ariningal Dirde cddihe 'sToran drchlan régilaaip bprmeans of a

t he i ke, Furthernore, the threshold value vd th ma )
béo?F_ﬁ'LJE‘i( Phseatiit theF ity %ﬁ_@e FUlqRRGESBROY EeTy e lse wldth finely
Viviiing s dS/ s: dhdih€ pisk \(N‘?%tﬁ' bty dg@ding%%haﬁﬂ’n? Wg@ on time

i s descCribe ater. In order to tarry out” a sequenc
ofTonheofithe paeentiddnficelp dirading sggnatl¥'s ikgpt cadStaao Fditherpmace Vdl,

S bel ow are needed, First, with regard t )
f v meorstiorilipiesha Yoo vpBe gp s in s dommula 3. 4 b pperating
Wiydithed hielof ﬂb;’ﬂ)gjﬂr’] ng 1%%19 P8l re Ml ated b%ieﬁlvlrémﬁﬁfwﬁ %g&aﬁﬁg voltage

on tinme Ton_m of the pulse width roughly dividin
sivgriang WiTamosuvht aser POMymoddatidio asDAacomysTsian tang fuy iQfgamp or the

(Ton_s -. Ton_m Ct)'%r CPervvi as is clear frqmthe

f llﬁ)‘ﬁuﬁ‘éﬁ%ﬁ"_“toﬁ% o 5385_ g WD grvt Fremedni it 1 by gpviding 2

C SR REINR Y alfAing Reahd [Bthk iriva Qidchi® 28! 84 dn bSantp is described

generated. Wth reference to the fornula 8, the

rdgestive values of the resistors R, 17/41 RI2 that

ggr :r umpn hg Irtrtrﬁ &fgxgr?:?rél? Ia Sce:(llliect:lléle tof ]t'l%: g&)?éjnllgnubo%ed behaviors, design
conditions shown below are needed. First, with regard to functions of the DSP 17,
the on time Ton_s of the puilse width finely dividing signal Vs is set longer than the
on time Ton_m of the pulse width roughly dividing signal Vm no matter how the
Ton_s varies, satisfying (Ton_s —Ton_m & Q). Otherwise, as is clear from the
formula 3, the voltage level Vd1 of the control signal corresponding to the time in
the state 1 is not generated.

With reference to the formula 8, the resistive values of the resistors R11,
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mnimal tinme-varying width ATd in the state 2 is not
nmore than the clock pulse duration Tau (=ATon_smn) ,
which is the mninmal varying unit time of the pul se
width finely dividing signal Vs. OQtherw se, tine

resol ution of the on pulse of the 5 pulse drive signa
Vg becones | ower than those of the pulse width finely

d alg. V. n h i vidin
SRY 2D A makt Hfine BmENbaf] St Al oHoHIRE Yoot ehat e
t Mimihdaditifned- g yid@Swidtidl AT inRHE tshde 2 it et invre sl the clock pulse
value vd th of the control SI nal Vd at which the on

plpradon o KB pnsemigy i \wehigh yRipalsesyiag snitding of dae pulse
tﬁ'?dtg%ne 1\J1<ﬁ¥g Is \6% V%f dl%?wm%ouﬁl%%%pﬁhugﬁ gpm élrg pafse of the
on p Se of Wi roughly

dpwbédfige Siggﬂlan\Beﬁoﬂhb§ RBver Hﬁaﬁﬁ thosé BE tHeopdlemvingzh ﬁnely dividing
condition of the fornmula 9 needs to be net no mat

hegnaliés e pylsrewidkh soughly dividing signgli Ymribatiase |g9nerated in the DSP

di g!? [ Vcc (Ton _s-Ton_m <Vd_th

g{ gté %gﬁéh %Eéﬁger to meet the above condition,
t he resiRgiriheg th@tthreshofd vhee Vasihsdfake &htrol eignaléd at which the on
capaci t ance of the capacitor C that make up_the fi

I rst
t PHER obheadsecdmivetiensghs @ﬁ?%ihoyldawe%fhe Voltage level Vd1 o the

SBRBRLELEY Loy 38 0P BEp A3 305 BAgBEOBR s i

20ml zﬁsetshHewee&erﬁ)llewmdﬁﬁmon dfhige foRmplal Qsﬂedalfs té b& met no matter
pul se drive signal_ Vg from the drive circuit 20 turns
ohPY He avfimg fopgs @ t&sﬁﬂﬁk&e yidthefinehediyisting Henal | Vgnuarieq
enough to turn on the switching el enent 4 can be
supplied to the switching element 4, then the drive
c 2 omtted and instead the contro
IVELCL{TEHI O ToM pﬁ@&hpﬂhi ed diPectly to a control
termn (& a gate of a MOSFET) of the switching
25 el enent 4 In this case, the control signal Vd
corresponds to the control pulse, while the threshold
val ue Vdntoadefto nixet ceniboed caidinad, thédrekptivd valne ofjthenesistor R11
the switching elenent 4 deggnds not on the drive

O BEICRPIRTaRR Ooihe FAEMAIOR: WAt Take.ap ke fiFs timeyyqliage Fgnverting
t
?Ar%f‘cglftgre %t' a?ﬁfdg&xgr SS thathe fis¥ va.\lgrghlﬁ mgh{ wgltag%g Fhiated so

el ectric 15 an
caznp hnod a)préf&abhygrbchenmcor por at ed i nsi de the DSP 17.
30 According to the present enbodlnent as descri bed

above, il RhereseigRodImeytathe oo Rukie; of ke prlse Q5yE AtEPAL Ve from

tstlﬁa WhGe R ST 26 GRS Bh He JﬁEchwaEﬁEﬁtqg it e cBHll.rﬁleslngl “A enough
to turn on the switching element 4 can be supplied to the switching element 4, then

the drive circuit 20 may be omitted and instead the control signal Vd may be
supplied directly to a control terminal (e.g., a gate of a MOSFET) of the switching
element 4. In this case, the control signal Vd corresponds to the control pulse, while
the threshold value Vd_th of the control signal Vd for turning on the switching
element 4 depends not on the drive circuit 20 but on a characteristics of the
switching element 4 itself. Alternatively, in the circuit shown in Fig. 1, a reference
electric source 15 and a comparator 16 may be incorporated inside the DSP 17.

According to the present embodiment as described above, in the feedback

18/41



10

15

20

25

30

Vg serving as a control pulse whose tine wwdth Tx as a
pulse wwdth varies in response to the output voltage
Vo or the like under nonitoring, there are provided
the DSP 17 serving as a variable signal output neans
for outputting the pulse wwdth 5 dividing signals (the
pulse width finely dividing signal Vs and the pul se

hl i vidin
el ] PhEpgn k' ¢ b hOPReralq ol 8RR Teuleive signa
UNigt serbilR dsna rc@RRONHEIsé OvHdIe thag ivAHENOTS dsNa Pulse width varies in
objective under nonitoring and the tine contro
crqsmnss tq theguitputiygltags Yo or the like nnder monitosings élere are provided the

ci4 ng_variations t wi dt T ons t he .
opeBet vt d?svwaﬁabls.%ﬂgf ol ofbeft for Sbyfine' BF putse wian
aﬂv&ﬁng\ds nlalsf (the fpy; 1s@1 Width rfglegy @mhm}gSmg@al av& thths puise width
time wdt the pul se drive signal Vg to vary in
i mgbheﬂtvsdlbg signal W) edgsa tgteomidth Taman vapes byl bekclock pulse
ﬁ r’fif 101] l'ﬂ;?g ? T%itkg%gllilhr?@%%é t(EJr g%lvaréglo\ﬂs 11 anmb]ective under

f pioGitbidiy hnd BB tbgsl tifcuih @8 GRAlin®lasSd Gina ccvdmltrh@ans for
varying segnents 30, 31 for allowng the time width

T&eteﬂftmghléarmllogé inrthe dimg grdth Tep_scofy theypulse B}ydtbh@"ldlﬂg signal,

ar.t.er t| t han,.the, cl.oc uIs ?urat Tca by
t emﬁc@lg of ] ?]lﬂ & \r’]v’é f1ng|ly diyi Chléé) gllgana S tsajé%\xd t ta ime’width Tx

pofl Bhe pmgétdhvreoygm wg:ltovwdy g issdrémadts ¥ia tire 1digth shorter than the
instance, the tinme wdth Tons of the pulse wdth

f ¢laek pulse dimaring Tog jag el unjstime ok ether ®os ] the dises eendies circuit 18
0 y. the cl.ock uIs dur

B ADFHERED WabSor el L bORT i g e vring

I egaiensdd, he f@ﬂhl&ﬁviﬁfgdhé’luﬁlienﬁlﬁih 20 oflthe lﬁluﬁtgdxs\vegﬁgdxal\v(sg to vary
can allow the tinme wdth Tx of the pulse drive signal

iy the shamter time Addrthpptheslonk pulsy dusatiamfunbsWeroulse width finely
k t h
S ot SR e P O LB LYY, o

si gnal IWGghisSinstipcqwhe tige aadthoTdes dfi ©b q1’ul§eh'aitltlﬁ Hifely0Hividing
the clock pul se duration T,lk serving as the tine

r &M XS ffﬁmoﬂﬁwtlh%l’ I Papcregses @ dngraases Py aBe clogk rufserdusation Tex.
Iﬁgvdek?ﬁl%l%sgl th& Ucirhe %ﬂmﬁ*&%lﬁguufl %Qﬁa‘?%r%l:éiv Mehglﬂge %Edth finely
e cloc ul'se , u

ort ening purpose Uratl on

s@wm@mgﬁalt\hecammmw theetigé vxtlhm TEBY thk pulendeyveadghdl VpNto vary
of the time contrql circuit 18 realizes such a pul se
clgrinssmentspf 2 fime dengih shertes thamirecdogk pylr dwtion dapfsoghat the

e Rub e} (e IRE Wit Bl ol by Ul BB VbR s0 25 10 be
chigheti than thagofithealéqipulie duratide T ,38erinl ab the anerressdmtion of the
t he pulse wi df h roughly dividing._si naI Vin wth the

tPRe Wi ayentuatynasthatl ghthenfepdbagk sirsyi r?sh isyelf. é‘qwawu@eﬂy, without
té'ﬁ%rtqt:ﬁlﬂg pYﬂﬁUsQly-Eﬁe Bock Bﬁlsp HhSRof Fl"clk ?er%irl%rh@lthé'gﬁig'&me of the DSP

17, only addition of the time control circuit 18 realizes such a pulse control that
pulse duration varies in increments of a time length shorter than the clock pulse
duration T.

In the present embodiment, the pulse width dividing signal output from the
DSP 17 comprises the pulse width roughly dividing signal Vm with the time width

Ton_m , which is approximately equal to the time width Tx of the pulse drive signal
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Vg and the pulse width finely dividing signal Vs wth

the tinme width Ton-s for regulating the tine wdth Tx

of the pulse drive signal Vg by the unit tine, while

the tinme control circuit 18 approxi mately determ nes

the tinme width Tx of the pulse drive signal Vg by the

pul se wi dth roughly dividing signal Vmand further

r t t sV

FEL G st Vgl BBl Bl firkBhalt VE P 8, ik oty Tons for
trbgulatiag thieitins: wmumana’ thé pilbedpuwd sienaliig by theneliytime, while the

di vi di ng signal Vs Conseq tly, the tinme control
e GP'E‘IQESCI&é‘HeF%taBBTOéBB%@%‘ﬁ’é‘i@"}est e STRevidiaER ofhe pulse

i Aol V3t tht WSS o poShip DR B Y B ey rogulaces
1fe time widdi Tt bétltelpmseo:tmtcrs@nangom iifcrdiBeruanf & eigel labgth shorter
dellcately 10 the tipe width T OJ] ulse(il

dhyhthe uor time bhmepry ofdhe,puiseWidth on éllﬂﬁly AR RS é)ﬁ Vs

obt ai neq, {4, qggﬁti)h?ées ahk J&Ff’ Zucdolcf;@?%e?&ké’ a#rgﬁrﬁzﬁfﬂ? ﬁlée time

control cCir can a wthe tine width Tx of
puideeTtlof the mis@nﬁive\ﬁgﬂab\/g dyyhé pulsereidiheodghlpfividing sigeal Vm
| ength shorter_than the clock pul se durat on T

ERBerRschirem die PR 19 ieubatiheime C&Pvpb?%ufs &R fgé‘bﬁﬁe dgcately
gﬁrgﬁgﬁt Sl 104 e FRE difve %énéhnv%sg thd %ﬁﬁ@t\w th flnelg dividing

nment, the circuitry 17|srra
afgnhb Vs mbtepnﬁd from qhulsame\IESCH b7.f Acvekdingliyy ihei tirge smgmilcucult 18

gﬁﬂ‘ 2 e%fjteg Lﬁt?h‘f?}dﬁlg %3;;%%},5‘1§$ Aete flgpﬁld{éélagé gnyi %fgrlnents' of a
i leﬁ%ﬂtshog Rhn tﬂehﬁ?%@ﬁ (ﬂlﬁdﬁb‘ﬁ Bl %ﬁgh (ﬁgﬂl@?f the pulse width

incre ntso atine orter
pliniding stignabt Van v, g]ekeran‘eﬂéromﬂlemﬁfr §& width roughly

Since t W ikesen deRodinegt, cagrcpr et GEAP LT il so as o
oﬁ'&&uﬁ%é B@lﬁ? lm){dﬁleﬂlg&lil?tcﬁﬂd %ts‘?énaﬁ Re Qiéta@%tf tRE phﬁ@ WIS Rughly

y dividihg signal"Vin follow ng't
dutlﬁmg smgnal Wen, pulhide thei tdmhcdntmé kcircwit V8 dtbguj;atss gnaiméx/w,ldth Tx of

he ti wi dt h of the edrlve nal
(ﬂléq‘ Pﬂé‘gﬁ’aﬁ? ?gﬁ?lt@ 1 HeT 2 fmedeng l§ %"éerﬁ%} fhe clock pulse

fauPRloh T Q'aYtbldih@Q)uﬁegﬂa{h r\’fﬁglﬁ? @1¢1Bﬁgﬁg§rﬁf‘m g He@ﬁ‘ gmpﬁt
di viding signal 'Vm Therefore he time wdth Tx of

t he pul $e thisi aase,ssigeralthevgneawidsk T @f ghe qoblder drive signal Vg is

SrBe e laei afier 1% Hiravh Qe phive S wReBRCRiiging giegal Vm

rf@lﬁ&ﬁi%@‘iﬁe §ht$ﬁfibf G PRI RLPtH f?ﬁel %‘I‘ﬁ&ﬁ? i’%iml KR, Bdltife width Tx
w dth roughly dividi'ng signal | n w he const ant

of thei ptéseTmermgmw gris defndgedrily dftertbe putpyts ofithie pulké widtly finely
0 .dividin Vs and. falls at same tim as..does

kit S i 7 o gsFay o rangnDs R bl Gt peretore, the
e Wid '?Qrbtfrtﬁle O;mec bhiVe 3fnbB VR 63 88 prébdted BOm lengthening
resistor R
uselessly.

Besides, in the present embodiment, there is provided the DSP 17 serving
as a reference signal generator for generating the pulse width roughly dividing signal
Vm with the constant on time Ton_m that rises behind the pulse width finely

dividing signal Vs and falls at same timing as does the pulse width finely dividing

signal Vs. Further, the time control circuit 18 is provided with the resistor R11 and
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20/ 41 the capacitor C that serve as the first

ti me-voltage converting circuit for raising the

vol tage | evel of the control signal Vd proportionally
to the on tine Ton_s of the pulse width finely
dividing signal Vs and further is provided with the
resistor RI12 and the capacitor C that serve as the

S@L0, I Y, |
BSPORMEAIE W LH98 o QR . 5L i 0P el

p_mlpa.gt:t legeladf] thetaontrbisignalt Vdpropiatiomallyf tot the qauhme Ton_ s of the

r.oughl [ vi din nal .Vm _ Thus,
ity fhadtibh SHanpl 8% 3nd FHEnciu giovifled HUp hEFpistor R12
db.r‘(d %@gaﬁcﬁgfb Y5t lservBeisN@e %@&{@h%vmgg ctohgemn Cerlllt for

control sign rises to the voltage
nmeanisg che tvioBagee &vst of th c&ntacridmgnq:la\!;‘dtpmp@uamily to thc on time

thereafter the on. puls 0 the | se wi dth roughly
ci - A TRy e i Pee b diEe ed. the vol ¢ age
l'evel  ofyfshen ';t]l'%n§t£t@|1 #l 9RRL o¥ey tHeSES pull¥ mgul‘gé Wil@ finely

resistor RI2 a capacitor C, to the "threshold val ue
Vdividing sigugihVe 6 bgerzegeacmtedhwhpm theacottrol/ sigsal vrhtiseggo the voltage

evI e lev of the control si | Vvd at the
ik B Franp ol e TonegnR Homgh oo ot Ressppidhe dfpulse of
rﬂé%l&%dﬁﬁdﬁghﬂ cﬁ%ﬁﬂ&r‘ﬁ'@aﬁ Y 95%1% Ed)ﬁesgédﬁrz{tm i lvoltage level
time Ton_s of € pulse 15 width Tinely dividing

soﬁgjﬂnalco‘duol $ignd €Vd tises, hy nofans o€ thd seistfr R]iiearmhcqpad;m C, to the

| |
oresGbIIEE 4 H bt Rageneies Beobisd dri¥e vl Y& e volage
Tkl vBESt Ei]%soon§blnsq?na§ R 4t ikl e WhethBO pbIBE whdth $8ughly dividing

drive signal Vg i1s rned on in this instance is
i signalt\abl riseb atrevary Hamesphaser tosiangtiods nhbe on tpud Ten_sfof the pulse

th .I i dt di vi.d I th

B Y B P b0 P55 of e bRt e pute
ecﬁrfweechgﬂeﬁlVg ESOVASLR %&é’m@iﬁ@%% a%itlo}tbletlﬁb” Bh erdiindh fthe clock pulse
roughly dividing Signal Vm Further, in the present

edrradomd nt., Bashies puhesetheititiing foff rveien the villie dgivsisignal Vg\is turned

d. t .pul dt hly dividi al .
Bt B S g A ST P20 relE  fcppise width
g&ﬂghﬁtdlhduﬁsss@mﬂeﬁid' the dnsu1&d widih F Yhd paEERAVE ﬁ@nﬂe\/g can be
sinplified, so that reduction in the inside size of

tﬁéec@pplazrragtdsted ay mmmaoﬁthexpsdise »ﬁatu:mughlefrdmﬂmg signal Nan.
present odi.ment, th t t| VO nverti .
Gl roult ERMGRIBAE prreett ampofigens 7 Eii THE PAYL A gfbe sisnal

Gys \ohil ltRe phRe Sﬁﬁﬁﬁﬂ)uﬁhl}*‘idﬁﬂlﬁgagi%nalcvmf fel §di@ratéd GHiHe common
conpri ses another resistor R12 and the capacitor C,

WRBB L7 servisgnarothet prlschgendrator. Ang meulbnthet ¢ipputyy (thereef can be

conv t|n ircuits. .Thus ul ating.the
F PR 00 B Bt Po i ¥ ie P br R HPDRiH ot 58 achieved
enabl es Itdmlehh&e InT@e pREChNEMBSditnR AL, tthe Hrdt SB-¥d1ta@8 cBhverting
the on pul se of t he pul se
circuit comprises the resistor R11 and the capacitor C, while the second time-voltage
converting circuit comprises another resistor R12 and the capacitor C, which is
common to the first and second time-voltage converting circuits.

Thus, simply regulating the resistive values of the resistors R11, R12,
enables the time ATd serving as the time resolution of the on pulse of the pulse

drive signals Vg to be easily set variable. Further, the capacitor C can be used in
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drive signals Vg to be easily set variable. Further,

the capacitor C can be used in 21/41 common t hat

serves as a charge and di scharge elenent for the first

and second tinme -voltage converting circuits, so that

sinmplification of the circuitry can be again

achi eved. Moreover, in the present enbodi nent, there

tSmRfoAh&lad el s qrahm%ecaha iichard@ elemR o 1hQ A% dnldSecond time

pul se generating nmeans for generating the pulse drive

svddage cogyerting afircings, t dve thad rsimplifiguioseofntiencirdvatry maatbe again

gﬁgta%e exceeds the predeterm ned threshold val ue.
ircuitry of the time control circuit 18 functions

to genexRi&vkhén ﬂm@lﬂr&%nﬂé?ﬂ%cﬁﬁlbﬂtg dﬁk&ﬁ%roﬁﬁ%ﬂﬁ%ﬁv& Qdrcuit 20

signal Vvd) for raising a voltage | evel dependi ng

sdTRingudss thenpulsedh genargting dicanslifoy geiegatalg the pilfd dnecltmgnal Vg,

et er,m ned ient, wth the 10 pul se eratin .

Bhiifiars” i apiede s e Jth (2R upER SHEHe, e pifigemined

Wiré§hB1d VAR Slickitd $19ns LiglRalonMB] cit@it EXAFRLSAs ol g%ﬁe?rate the

toinitiate its output. By turning the control sign

Wals¢ generating slgrput(thwbnaglemgmﬁlt\f@ fdr rarging iarvolfage Rg¢l qldpendmg

Bk S Fol e e P o
fnhlﬁ@ gf:illc'i_’raflﬂilgJ dgntah esuﬁé&lp§§cd%ﬁitthe Sfolta ?@ 1evelt ivilBn Vizhéjtﬂikls-gxmdth

pul sé drive signal Vg is determ ned by both
tdmghlyodlwrd@ﬂIg &ggadavmvﬂargeetnmmbﬁt giged tooinitidte iOIRpUE. By turning the

. i abl e sj
e ST insf A PPl & e e afFRR 0y Hie hulouiepn of the
p@lke HAvd El@n;ﬁf\?%/ﬁ rB154ed fin &Qreﬂéiﬁs Longsle 16h8h khéreerfhfthe unit
an out put start of the pulse width finely dividing

tingnal Vs until the subsequent output start of the

I i dt h ! di, vi di . \Vm b . th
Chor oo g PR ot o 8 AR PRy B ve
TsQiéedHminddl b BbtAGnSESHIR] sl Vd'RaAsktddPorh NhEBRP! 1T serving as a

value Vd-th after the output start thereof becones,
szmatbhaelgsalamtputurmang v theang emcdtqwnltdf& andethp mlmgahold value

e si.gnal Vg gets er, ul se w
Sh- T NG e S5O0 GRS onat W s o Ry Bybe ek of ane
plqgeu hadtaciddyy MBAdihE Gigddl Wetun$il dd sdbsBduedt 8fitpubetaRUfSBe pulse
wi dt h flnely 25 dividing signal Vs. Consequently, the

pidtk gowghdy Hivading mgngb Ve beipamyes, thegrhertes/ghecdglay vweqwred for
%lncr mant ﬁbg&lgﬁ tlel ng %1%&3'] \?h(%étre%rcg ttﬂea g)résl?:%ldj valuc Vdn&‘l after

e pul's
ﬁl’egﬁ@ﬂuﬁ sVR th\éseomdc&ﬁ@s tsbItegedrfl tiviah# of Mk géheﬁéﬂonl df the pulse
the drive circuit 20. Still further, as seen froma

dive sigealtVmege carlisr. Hanee.phe pulse vadioef; the pulseidsive signal Vg can
be delicately regulated by varying output start timing of the pulse width finely

dividing signal Vs. Consequently, the pulse width of the pulse drive signal Vg can
vary in increments of a time length shorter than the unit time by both the couple of
the pulse width dividing signals Vm, Vs and the threshold value Vd_th set in the
drive circuit 20.

Still further, as seen from a different aspect of the present embodiment, in
the pulse generator for generating the pulse drive signal Vg serving as the control

pulse that varies in pulse width in response to the output voitage Vo under
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30 the pul se generator for generating the pulse drive
signal Vg serving as the control pulse that varies in
pul se width in response to the output voltage Vo under

22/ 41 nonitoring, there is provided the DSP 17 serving

as the variable signal output nmeans for outputting

the pulse width roughly dividing signal Vmw th the
thbiEorigdttere is\WbHiled the IRF pmemhg/lay tiROHRableOsi fd® olplSReans
width of the pulse drive signal Vg and the pulse

for dutputtingethe pilee aviddy eughlyl dividing sigmab Yas evigh thee rimecwidth,

fr. th | idth 5 hl y .divi di ' . Vi
VAR ity Rl e GuRg gt e B1a8 HEPF i a Y pnd the
pulse WREPOREE diPididlesightdi Pi whedel ASe Miferdd frdthtchebulse width

there is provided the time control circuit 18 for _
rdeghdy tdividingasigred iVonyaiies bhéhepbrt g faf dednpdse duratiboew) in

th I idth of, t I [ . | . b

(GeHorBt ] e Bl rkageoro e freBit e 1SRG bR 4fie sanrol
difdudt 181 fOPdetdQidgvarfAlisnCAS8e phdde diftieBceNModifdwf 1hB Qe width of
dividing signal” Vs fromthe DSP 17 varies in phase

thi¢ phles dnivesignany g hebpuired injeirementsigh b yinati lengthrsgorter than the
qunaI Vmevery wunit tine. The time control circuit
‘T@,"ﬂ%mever, in response to the phase difference, can

vary t e upylcage, Whélbhisaswilitherihd1 il vidfHaNsiPhalt Vi€ flol 8R DSP 17
drive signal Vg in increnments of a time |ength
vahies ire phashadiffedsacesfifom therpulseHeivitle roughdy disddingtsignal ¢fm every

t he. pul idth 15 of t I dr i ' Vg is,.

Bt R eoh o sdrontt e POV R Pirkipols e g ifference

cRilvas e palsk Mdth 44 thdBine ividihlE thé pB1sé B8P¢ ichAV O hBRments
ul se gggerator itself. Accordingly, wthout taking

P
of etime dangrleshastes hant e untidined. dtdacpuhs eesplution Grthd pulsggvidth

s RO idevhertl i B PR BRSO pisRf gt shifipe e glock
puet aedatibhll T8 WAt R tHe iRt eERMtBnOlf athki PBlsk ef@kitor itself.

shorter than the unit 20 tine by neans of the couple
Agicordieglpuviskoupiaking dieogblego sheptral the vlock wylsgaueationddi as the

in..the P.17. Enmbodi me 2 Fig.. 3.shows a second. .
ool B % aeepime ARl Bk ing (R0 RAR, GoBl PR 1y i
pREEBIBND cofitteNfuil e width&n GRRérhENts BF laQfiné Serlghte sEGHER thdh the unit

that of the first enbodi nent shown in Fig. | except a

tmsroy mears of the eetinde Rf tepalserwidth disidingspenals Yan.t\s generated in
ﬂ%yb§§179enerator and a tinme control circuit 18. The

ime control circuit 18 in the present enbodinent is
configured as follows: a |ow pass filter (hereinafter,
acronym zed as LPF) 40 is connected between one
Eoghadiment 2of the DSP 17 where the pul se width

Fig. 3 shows a second embodiment of the pulse generator according to the
present invention. The configuration is the same as that of the first embodiment
shown in Fig. 1 except a DSP 17 of a feedback circuit 21 corresponding to a pulse
generator and a time control circuit 18. The time control circuit 18 in the present
embodiment is configured as follows: a low pass filter (hereinafter, acronymized as
LPF) 40 is connected between one terminal of the DSP 17 where the pulse width
finely dividing signal Vs is generated and an input terminal of a drive circuit 20; a

parallel circuit of a resistor R13 and diode D3, which is connected to the resistor 13
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30 finely dividing signal Vs is generated and an i nput
termnal of a drive circuit 20; a parallel circuit of
a resistor R13 and di ode D3, which is connected to the
resistor 13 23/41 with reverse polarity and is used
for discharge of a capacitor C, is connected between
the other termnal of the DSP 17 where a pul se width

. hly dividi .S m i t.ed and the i t
s PR O as R Tor it ee Y Tirac L Sa G Bebween
tHeORRGCE Aflinal & AR DI Glﬁcﬁerhe¥lﬂ§é HMdtR rouphlFividing i@nal Vm is

time control circuit 18 functions to generate a 5

gomamated hnd thgriaput\varnpipalaefidhe grivp cacwbAldhs tapacier € ageonnected

V fot I i dth.finel i vidi i |V d
S oo AL St Tee o srutiol bt & ri Bapyfh ghterae o
célindl dighar vall BNaddiviupda stiveBiNvatde Vst bof d8ulsPRvidfd finely

is provided foor the purpose of snoothing an on pul se
diyfdingeignplu¥ sandm chntyefsioneyoitage Wmi¢ efthe pylsewidsb roughly dividing

ge ate a,constant .| evel bias voltage. 10 Instead of
Slgﬂ‘iﬁ{rﬁ" Y PHEE "ﬁ@ff"%{? provided, e. g., a PCM nodul ator
for comerpbrng @ gwliasd eadad %Bio%@ ofMsAHoBiblid 184 ¥n pulse of the

dividing signal Vs fromthe 17 into a bias
pule¢ tveidid finelly divislimy signel Msoto generatetd nonstandilgveli biagl voltage.

oited S fhe b Pr e inag be ik oer p PO oG eiis Sonvetting o
pISNesRd Pélse Rﬁa!hsfiﬁé'l‘g‘(hdigﬁiq@?_s@ﬁaﬁm f6mt e DSKe 7 fiio a bias
|

anplifying the pulse wid nely dividing 15 signal
valtagks by Alsendsier far qopverting @rdigitined pulgmwidth finelytdieidbigagignal

val t age. t hes devi ces are_us. various forms .
v o e, BBET,imtp e )RRy o A Or g AT Wgo v epef oherating
mbifRNBuchas BSROR Zmpast the liRasér am[sm?d?@othé Eﬁl@e &ri@tﬁsﬂir{e@ﬁ dividing

bias voltage. A series circuit of the LPF 40 and the
sigipd e s fmnt:g:ﬁrlé%lbéﬁdg copvest ther ggnaltinteethy diasapdtage. When these

converting circuit for .raising a.volt . |L.evel . of the
oSRRS L, NaSlfor sy BUS B R B GG el Do
fry @l th@ O PMSICcan e ddabieH nie SSIHROA BesH@d bR volthge W dt h

finely dividing signal Vs having an on tine Tons. A

seri esA gereuictrcwt of he A&d) 40 andRbg adder 41 [verresneads ttora first
- sponds. to. nd.tine- t verting. .
e QTG R R Ry REE Bk T %R SORY bid gy v

reSp@iRako ¥d denofeihivenagd ¥sé obaimed By lsiiwthlRN b pafsetwidth finely
pulse width roughly dividing signal Vm In this case,
diyiding,signal Yis Igng an og time Tep_sp 8 sepis ciaenit of thenesistprR13 and
0 . i St e . ' r and.a . ..
g Sap@ilol T Sl 10 Steed b ELBARLcaivelgBlciftus fpy psine

thd olthge Rvell 6ft the JofitlNsigae v dt frepertibaall yMotinhor BkwgMoyi_m of the
dividing signal Vmstarts to rise till when the_ )
pulen widsh ougldy dividingesigealt You Inithis gaseyps shewsHasFig. 4, a filter

cotngl!’agts Qpl!hg L\ﬁ‘l M a\ég?itsﬁ]vet J}H]Qéj gpth% ¥t RY3 368 g%%acg’t}mce of the
varres 1nincréenents

capacitor C are set so that a time Td, in a state 2 from when the pulse width roughly

dividing signal Vm starts to rise till when the voltage level of the control signal Vd

reaches a threshold value Vd_th through a varying segment 31, varies in increments

of a time length shorter than the clock pulse duration T,y according to variations in

the conversion voltage Vsc obtained by smoothing the pulse width finely dividing

signal Vs.
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of a time length shorter than the clock pul se duration
T,u according to variations in 30 the conversion

vol tage Vsc obtai ned by snoothing the pul se width

finely dividing signal Vs. 24/41 Next is a

description of behavior of the configuration described
above. Wen a pulse drive signal fromthe drive

circui Ilie)?tolsl 2 d2y, {’rpﬂi o%dott ge}?av%vxm &€ H—h:.ngonfl I tde‘éc the above.
swi tching él enen SwW t chi ng dpera )

yanrar atplsandri el bipdil ﬁ@hi &@edf\{ﬁe |ctragie mhﬁns@ﬁhemm@lta switching
vol tage Vi across the snoothing capacitor 7. 5 The
@letnsm 4y thet a‘gvéc%g ielemanp f PUEORRS SWIGHRE POCTRBMAH de tgsgerate an
ﬁ#a%i 'Vo”r% %ilan (gg £ h(ﬁaa%'éhﬁrac Ry Qhe gotfu?lgdcgggéitor 7.
as above-des , tors vari

1'me blhtpupuimge Voat biggBed o b maﬁelrofdmhﬂeoaed/mbsabémlﬁmer 9ol
of an on pulse width of the pulse drive signal Vg
from t@e the other diapd.uthe foedbagk drcpiy ?ét abiabpyedeseabed, monitors

el t re S 6
95‘1"539%?156 Jlogss \?%&ﬁlt vglt?é\ébv to o;%%n% aé%tcgaﬁg% n ﬁulge width
atbthal izl &xyvdimgnﬂl Vig fidie tputfvd civ@lit 2@ 8o Mo thytablliesthefoutput
t he vol tage d|V|d|n resistors R12, R13 and a

Yeltage eWe: egms?tsag@ﬁs#l F CPBIPATHY b SomPREss shiokage devel of a

e Rt/ SHERETYP o RE oublly AN of AR ¢ voltase

diRRIing e3B kGt B 2ARYB QH aaéfeeame ubaﬁg,& diffa feheerel cbextid shrce 15
flneléfd|V|d|ng signal Vs fromone output termna
foneipebf theTepmppred, 518691 fonan dpput gerpiinaleaf e PSR juReeeiving the

Yot bRl BF L B0 RelRRlas Ep03E o PBRG U 88 i
finddy dﬁfﬂdh@ds@ﬁalavu fidm tongeoudped tefminal ﬁfe&dﬁt Thenigo@ of the on
frequency, ch is varjable in response to the signal

BUsgIRf the @ﬁbﬁr@athagnﬁﬁm%wgoﬁl%\)fé hamecoaﬁt%% gmsr Ton_s (a
&IH rQHLf%nm gﬂeh cfo%E lye ghl\ﬁ'tlghnﬁ géfg'ﬂv Ml‘i tEm‘_ff'e and of a
const an on time 1o mis generate omt e ot her

mretigedminld t Requenay, ohichhés DARaBlé af tre¢pohbe tbl Etre @ﬁ‘gntﬂh@utput

group of the on pulses of the pulse width fin
ARRaehgs ﬂf@lﬁape aboyen Thgeont PH’ée ©brik§ @Plsew@m fougély flfyiding

¥r§a§l‘t Ym with d %ﬁsﬁﬂ‘éﬂl‘drp nf! dg Hgeé %@’Peﬂomt H]% §th@H Butput
he on pu ses o e pul se " w dt y dividing
fsngmal oﬁ/ﬁhe IBSRENeftat the rise bh eheggroup oD thetonepudses b kisepulof width
éﬁp mndth finely dividing signal Vs is snoothed
Ip¢ “F gifgnah¥st 0 be input into the adder 41 as the
convensi I { t e
i dt SREHe LGS o 18 i s o agpons TTERor fign FiF 3%when
tbe lgmmpsmﬁ)uhe oal fudge ofnite pdseoidth dinehedierdite signa Vs rssgenerated

yin ment 30 that keeps
oupgot5 Sl% on pulses of tﬁ e pulse w1d% finely dividing signal Vs is smoothed

by the LPF 40 to be input into the adder 41 as the conversion voltage Vsc. At this
time, since the pulse width roughly dividing signal Vm, and eventually the
conversion voltage Vmc is not yet generated, a first varying segment 30 that keeps a
constant voltage Vd2 is formed after the control signal Vd has risen aslope from zero
as a result of an operation of the adder 41.

When coming into a state 2 in which the on pulse of the pulse width roughly

dividing signal Vm rises, the capacitor C is charged through the resistor R13, so that
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constant voltage Vd2 is forned after the contro

signal Vd has risen aslope fromzero as a result of

an operation of the adder 4 1. 30 Wen comng into a

state 2 in which the on pulse of the pulse width

roughly dividing signal Vrn rises, the capacitor Cis
charged through the resistor R13, so that 25/41 a

vol tage across the capacitor Cis input into the adder

44 véltagle NRTERO L EHabiorMOid dge: inddTthe allied 4 8s tﬂembnv@'smn voltage
vol tage | evel of the control signal Vd obtained in th

avimer Agthis figeupvoltage lenel ofithe contpd rsw@éa’dmt@esd B thefqgder 41
ik E'LR Nr@(%%%%&é?? vaie ) SOBE <o §¢eggion ‘é%hggegl %?d | conversion

nsequen age eve e con

Wi)liage N’inﬁﬁ Q]i)nbé’qu%nﬁy,\tﬁ)é velge llOE bf Md2controt Kigndli Vdits biased by a
var%;l ﬁémsnt 30, which causes the transition to the
&% egf@b Atof she Firsavanyingesegmeniold which epusen thetginsitiga to the

}{&Jl s%{gg}eg fambgé“%l &pal Vvd has reached the

Fhe capacitor Cis furthernore

c har ged\ftéiQhé Raltagd GeveDot thel cohtrgN@ilgnMdVidshas ke@ihedttheé threshold
h her voltage |evel than the threshold value Vd-th

IS Vtirré the qenraitor 81 istthsharmopuriasged. e mhat skgypangrol signal Vd is
S#]é{ ngﬁ"ﬂagé/ Fgﬁf gllﬂ-ﬁ the! Tﬂresﬁ%l vafolCP <F qb/&g LY me'¥ S;Ju?se of the

contro Sl gha reache

tpiset bzﬁcﬂ;ﬁhmughl\yahuedﬁ(gl sighaBNdint beging ke falon Apoddingdyf, while the
the pul se width roughly dividing signal Vm begins to

fupltage leryel ofrthe sontgplsignal Vdaeachny thﬁ swd sfabﬁg _filyand then the
B! t
L B¢ 5 G SRRSO ol Bl P Rl i, e e

sdigyft 20rcontibudshersapplyehe pl)ﬂ'@@ﬂntré’lﬁgﬁ)ﬂ Vil sieichfs ithm pulse to the
pul se. wdth roughly dividing signal Vm falls, the
sfthcamgrﬁéerwwe AP thet the SYiicAEE ment AT ®r d, a zone

T2 S RiQULASH ARndhe bl BEsd B D) ﬁﬂeé‘nﬁ%hfﬁéhg@g i lifhe signal Vi

roughly "dividrng signa mis rne

Salls; @hé b@itchiag gtemdmrietd tuheti RAf. Cofp@roiatdira £onesT2 is provided as a
di scharged rapidly fromthe DSP 17 via _the di ode D3

ttHRe YoPhichehr apse width Frushlyrdivsling signall Vipdissumeshedt. Therefore,
: Y/

(%ggzgodrll% g&'ag%@é\?)gedzxgl LBQ @gba\gﬂﬁre(trj q%/vo H}}gﬁ:&&?%#ﬁ%g’ fﬁ)tn?h% BSP 17 via

cthe idivgleVib3 cthe tvadtaye ldvap ef theveintof sighel varﬁercoineslegglade lower

\vd reaches t he threshold value Vd-th and then the on

phits ¥ dgto flwée Re aext wiats h (& smghlY) stangdPyi [AptRsrgYRIds, \# tine period

f t f

aﬁ.hb‘é r0E MR DARE 0 F Dol ikl Gl il 8 Bresiold vaiue

o¥d_tthhend whérc engn @uisesstt thd puke wWideh gasuglnﬂ)y dividing sdgnal Vm falls
pul ses of the pulse widih finel nal Vs is

di vi di
GEREr0gt e S T e LM e fes BEH B 304 Rofher me time to
theof ARR oFlthe AGﬁeﬁﬂé BRlInént £1 NCE

The group of the on pulses of the pulse width finely dividing signal Vs is
generated at lower frequency in the zone T3 than in the zone T1. Accordingly, since
the conversion voltage Vsc smoothed by the LPF 40 gets low, a minimal
time-varying width ATd required for the voltage level of the control signal Vd to
reach the threshold value Vd_th lengthens according as the voltage level of the first
varying segment 30 becomes, e.g., Vd3 lower than Vd2. In other words, the minimal

time-varying width ATd varies in response to the voltage level at the time when the
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the conversion voltage Vsc snoothed by the LPF 40 gets

low, a mnimal tine-varying width LTd required for

the voltage | evel of the control signal vd to reach

the threshold value Vd-th | engt hens according as the

vol tage |l evel of the first 30 varying segnent 30

becones, e.g., Vd3 lower than Vd2. In other words, the

gnn ftntt@é of tﬁe'"'ﬁulb’@'bvycﬂtﬁﬁ}oﬁ\gtﬂ% rﬂthideds 2l 1VBf fidds A3 RVBERally to a
he voltage |l evel at the tine en the 26/41 on

gtdauenayf oftthe pylat wadthifidely divdgm spgrhl Wisdi ng  si gnal vm

ri ses and eventu to a frequ t he .
W dth T AT dhe i g GEUR s Shove iy FiE 3oy epptating
tthéRszA0E ¥ ke 6F tHeltbdistdB1R% ARHANA tirﬂeﬁh@mg'&wﬂ@h/ of the on pulse of
regulating the resistive value of the resistor 13, a

hapwlad deiversignalrg cap be wt At asf arbhelrb shaster yalueftharsthe leéock pulse
an, arbitrar

hestioar Tty Bttt 05 oo BRI i AP TIBIdiRe Blenal, Vs whose

G 'ilEIﬁQf' Giﬁé%ndltsébnfnﬁﬁoﬁw S8t flobit PalsY dlirtich 'Flgk defmed as a
S|gnal whose frequency varies discontinuously w

mmmalamxe wait. sil“élenhﬁmat ¢ven iffa p'kltcleﬁg ﬁredufalsy af thei swuming elemem

unit. There E£yen fre cy of
thiBettpase s g deismof HePragy B (BE oofpll YRusake B Bk arop.
AUkt @6 YnihimdI REn QiR Wiath 29€d VP&Q%_SIde&tonB@Bulsé@nvc signal
Wien the mninmal time-varying w dth d of the on

e salegifed todepadured dh W;lssnvg ivalue of/ghd resiges Rl dnayobepdecreased.
reduce esi s e.value of the r s sto

e dec HisidRFaly” Hetollfine 35 erl feat s Heirdchop ¢ Ying out a
lsE4EnECHEIME beBaviGE8eifedrab6 a¢. IBlish Gvitt e g@rdSi6 QUG uMAtion of the
the behavi or described above. First, wth regard to a

E5it 1 guthgt oo timest Tethes ofDdP puise Wh‘tthofmﬁﬂif v igiog- %gml Yhend its

width finely. di dln nal and its
Praltuistads b e vRodhle binSnRE SmSa mecbar 0 ths ke, o
tiezhRME . 208 %eé&ssdr? €hoeleey, tifat the vdlfage FBEOfTthe cbﬁvelrﬁon voltage
necessary, however, that the voltage |evel of the

savietositind Rioihedlg’F 4Yshoddbetdesermbyed losver Fimmmeéh@ah@ld value

et erm ned. Io th hreshol.d val ue
30 BT Rg T S e OO L YBE B TSR P on
pliRe SF &ecpulse witeh mgh@mﬁﬂu@‘ sifie Vﬁﬂ'cﬁxﬁldﬂﬂbébi’evfeﬁté@rﬁdm rising.
di viding signal Vrn cannot be prevented fromrising.

Forther; ithisdesirable Hhagi i pudsst width inelyrdividingsugndl dsis generated so
|
o8, e e e el 0° OB b BRE i

Y- vayingtvider VaTY ioh ehevbrtlbillsd-d 8 thef pull faedrbie d@%ﬂﬁ Gfgpfs dehﬁmmed
pul se drive signal Vg is determ ned uniquely

§Biuelved exanple of the present enbodi nent, there |s

provi dgd @S e?ﬂ%lé]lgyof' \gﬁpeg&t tJPSbo‘dﬂHé/q‘i{ R is provided a

vol t ages ns shown
circuitry in whlch the conversion voltages Vsc, Vmc with waveforms shown in Fig.

5 are input to the adder 41. In this circuitry, a falling edge of the pulse drive signal
Vg is delayed, so that the voltage levels of the conversion voltages Vsc, Vinc reach
each of peak values at their rising and thereafter fall at a gradient determined by the
time control circuit 18. In this instance, at the same time as the rising of the
conversion voltage Vmc, the voltage level of the control signal Vd exceeds the

threshold value Vd_th and then the pulse drive signal rises and thereafter when a
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5 are input to the adder 41. In this circuitry, a

failing edge of the pulse drive signal Vg is del ayed,

so that the voltage |levels of the conversion voltages

Vsc, Vnt reach each of peak values at their rising

and thereafter fall at a gradient determ ned by the

time control circuit 18. In this instance, at the sane

e c r A0eh

o E SR REEAT %7 B hl oo PARKE 04 s SAGLR0 I ysahold
vahler eg h| the\paillseadrivd- sﬁé’ha&W@ Belg@iy thiTall p]]lhfseloﬁkrlthetlﬁn@‘l&iat the

rises and thereafter when a 27/41 downward sl ope
CoagIHERt voltage Vse HBatc e A1y Biegrlask walsp slurstion Ew Egnenio the

ti E)lgg?tﬁgto%l% ?éérﬁJle{.'é? Vg()ft%boser © yéss“?héjrhgéf}%ﬁ%{uggﬁgk Vg.lue of the

cofipolvegifil M At ohd @ge vM@ﬁ tﬁd’lgailsa/(ﬁﬁve&ﬁgﬂlﬂ Mgheses lbecdingsuHs@ever,
duration T,i k cones he timng that the conversion

the B%gbalgéle\nﬁek kg of tl“h émmrcg 1eégnal Néi thealengen e tigre tequired for
thé:Q&{aiglgl Qf'e'l gpﬁle c\égtrglt n%lha? \{_c’otg%aﬂ@(? Hlettﬁleesﬁé)lld‘%%lu%r d % so that

her
tha/anh tiegne0Tx bh ﬂleqﬁﬂster dﬁvesslgﬂﬁi|V§\/d1dehl§leBésﬁxRGSheréhmrdUgH&he time
uired for the voltage |evel of the control gnal
00%0 erqud 18.tthe mMBima EeyryingaMiEh i the, ongdgne f&to &hﬁepulse
f I
oo IR VE aR e P ) 55 0D (4R WL ARRE i draion
Tek ey veguilavialg ddcomtinglyyd dggiee difhthef gitabiRnonft mﬂﬁio'ﬁ)h\ﬂﬁ'd slope
the pul se 10 drive signal Vg can be set at an
sea?latﬂtt $7ar°§ the sPRIER! vamﬂe‘/ti r%%mf% by gflding ihe downparg sleping

el degree of the
segmlils 38, SR PR A AR 95, Wine CTent 37 of the
cont kmthesprgseat eddbodihteal medesbiibatishavg, theee sievpruweide the drive
iLng .segnents 35, 36._of the conversjon signals

sl .
leéfé‘g 80 VFRvingstthe Pb‘ﬁ%g%‘}ﬁa@%ﬁm’ﬁéﬂ{ sepernghe B%’dc dp¥% gignal
% E@ﬁﬁh% ehP bRt ?ﬁlsk Réhefl thy ?nopu:l: @oﬁhgé?.‘:%ee&oﬁl%%}ékﬁ‘&d Falue
e pul se generating neans generating the pulse
Vddehi. Wehen gheapulsd/gridth whagthy idsviting stgrafl \ah, pul, ssesvioe initidte its

i nput voltage exceeds the threshold value Vd-th. Wen
O“F’Hg LE&‘EI tige spnireh cmau@h% ﬁef}ﬁf%tF%Fh’?gP“sWeg%FéHe”\%nﬂ S‘%"ab (the control
SEEHEO) 1 LS Sk 1 Bt BOTRAGODIA ety g
sigaainVisodt a giiffieranht Md:)ietfennmedugadlgntt wéthvihet pde: gawezhtmg signal

e wdth finely dividin 20 SI

dependi ng ,on the pul
supfEbose g Pratber wlage qﬁfeid%f SRakiRg 1y cRBieh sl Kd AR #2%hput
volreyév% GRNEHAL I BN 3he Rﬁlé@%i%?%‘# el Mﬂbi
. By making thi$s control signal Into the |npu
reg\ubittcagemtmntems afra srme déngthu slior&:@ thanhthc puitsmnwitﬂ:idwumé control
ulse.drive lateﬂ?ln i ncrenment s

Clrf)‘f“ 5&% GAyinps Q‘PH’STI%‘% 31% b: 4% steﬁ‘%’(ﬁg f“h 18ivelipge genemting meapy for
gefeitidOthe V%'lt'égéjletvell&(yeﬁdlﬁ WnPRE ul%t\bidﬁhﬁnéi? E:h\ﬁgmg signal Vs

serving as a bias voltagé generating means
at the time when the pulse width roughly dividing signal Vm bcgms to be output.

i“‘l

Thus, the LPF 40 serving as the bias voltage generating means, specifically,
can supply the voltage level (so to say, corresponding to a segment) depending on
the pulse width finely dividing signal Vs to the control signal Vd , which is the pulse
generating signal. Hence, even if the DSP 17 outputs the pulse width finely dividing

signal Vs comprising the group of the on pulses each of which is different in on time
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25 generating the voltage | evel depending on the pul se
width finely dividing signal Vs at the tine when the
pul se wi dth roughly dividing signal Vni begins to be
output. Thus, the LPF 40 serving as the bias voltage
generating neans, specifically, can supply the voltage
| evel (so to say, corresponding to a segnent)

dependi 0 t he.pul.se mﬁdt finel i di n
PR E il oY o oo Polr st Yplase 9 aptitgfonicoring

gRRNRWidth & @8 plilse HARE SignAVeNcdrf be J&ma%& ﬂegum&ip uts

the pulse wdth finely dividing signal Vs conprising

t he grlim;heofmttlmeepr@merp gmbediment bs gfowthincigi & therefispeayided the

i, n erio the nit ti

e Bl St 58 g PoSe et it o) bonet el fle puse arive
§1§ﬁa1pwgsewmcﬂt iy Qhe tdomtil | fisedidhég BedMfhut VEolEaB Bfceeds the
delicately regul ated. Further, in the present

piederdrminnd threshobdyalue 1Y dethy Win thp galse |vgd§|rr@uglfd@dh‘ﬂﬁ@g signal

it 20 at
/51 iRl hyPrn R, e oftp dfeu | Erfbratey, Bl e FRfal va
$t@ing QB i Opulf p SR M@ dAe fdrmnyMetmg@mep@@ehaﬁgg on the
predeterm ned threshold value Vd-th. Wen the pul se

wlm width lfgﬁlyydldidmm biggalsy yfedl at a\mffa@gt predetgrpincd lsrqamnt from

e t ne.,contr ol uj ge ontr
o cpeak " Bar g S iSRS T o B o g v
@'éfpb@ed e Helvoaage el Bfiemﬂcmg e Sdhrid)&ignal Vaindd dhd input
finely dividing signal Vs fall at a different
yrlegetter the ririvegeiaetie 3D, theoprlso Wik pesie pulsaalrive signal Vg is
exc t he threshol th.the contro
GGG e Dl S0 A i SBonlt b e i 1555, Nk g
t he conthug| thel @& witth] Whizhtigehé BRUIme WAkthaDe of ehe Pélse drive
drive circuit 20, the pulse wi dth of the pul se drive

s Ve \ﬁgdfﬂgﬂmﬂ@b ﬂ;vdxoélu thencangel siganl ¥ d gfengratqdnisomethgy PP 17

er than t he. the pul se wW..
A7k % & R Syt byl Rrend o SRRl g ana e
BirggReld Mmud Vdo@tset i nedriy et 20h$‘h§ Oitigep theSdirgo @ quitdd from

generated fromthe DSP 17 serving as a variable
&1 guant Huwmﬂ plethgspuiseawidie finelvedividing signal Ve up tthe gubsequent

U ?%tullnﬁ.laélhﬂr ?_ {)lglg]éé g{} %ﬁﬂgﬁg&mgg I@g?yq%'tﬂee hlﬁher the peak

wﬁ@ut thedohiral $i@halo¥d hh&e ithes &f wedstultplftnﬂ@llauord b¥ tidi figse width
ignal Vs to the subsequent. output initiation of the

rﬁuglslaf dividing SN e Pibip fgresiegpised fanthe pentrl gigmal Ve do fall
tBetﬁg tl%'gsﬁ/% l'érg.lu%fv f{ﬁ r‘F% fO%lg ﬁ)%{' W gii%tby {)‘ag‘éxhk 'H?m?Jg of the

outp intiatto e’ pu Se W
ahwmtdmttgtﬁngﬁahe piseswidith @ihely divideng eigubl ¥, finish ttheing of the
control signal vd to fall_ _to the threshold val ue

seaeraiop f 4h¢ pulge drive siggah¥g idrade vapgblgasg, thag the Rlsegwidth of
| f

8 pE U Vet B LAy AR St 0B wo

the pulse drive signal Vg can vary in increments of a time length shorter than the

unit time by both the couple of the pulse width dividing signals Vm, Vs generated

from the DSP 17 and the threshold value Vd_th set in the drive circuit 20.

Third embodiment
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generation of the pulse drive signal Vg is nmade

vari able, so that the pulse width of 25 the pul se

drive signal Vg can be delicately regul at ed.

Accordingly, the pulse width of the pulse drive

signal Vg can vary in increnents of a tinme |length

shorter than the wunit time by both the couple of the

pul se Wigsho6divslivnghs itlyind | esnbéuiméts gie der atesent fnvemtion. In a
thef DSP, 17 ?md the .t hreshol d.val.ue _Vd-th aiet in the
EPENTRHGNC A 2 SWitchite TRRUHORAbJdEnEne D813 CURYOdigined by 2

é&lﬁﬁ‘é:&ﬁ%? l%hisrﬁpﬁﬁm%t”&ﬂ& 8fa DR® PF 88CALo it \URNipePdling! Voltage
a configuration of a switching regulator in Fig. 6, a

siggluaiing onegqnat S lobtachn exgubyesaa votiagrateatboef 416 operagup phoitegk Vec
not .only to P 17 but also to agn operating volta
Renplieded Hs SRS 18 1PRTecH + EQHABS BT B b PR VPR Vo under
RlonfBriMPErRt DRE MObIAYE aVshupR: SHPRSE RGdth Uil idthgDiEnald (a pulse
in response to a voltage |evel of an output voltage Vo

windtk roughdy idividing gignahémD8Rulsé vodthpiindy dividinglsignef Vs) to a time
ulse width_dividing signal.s pul.se wi dth raqughly

g‘?[\ﬂ- iCH’ﬁu% Héﬁgpllv!la 18 ngénﬁga% ﬂy fl'?enegqltgpdgﬂlwta I%!ﬁg:nbed above.

Sl thi¥omBRifedt M on ST s OF HtetpilselFidth Bt diVidd signal

is done in each of the enmbodinents descri bed above.
Merlwwavet,hi$ sorstdno dideperidentin of thet valagd tavsl off the atpptivekkage Vo.

i dt h .fine di vi.di ng, signal 10 Vs, however, is .

B RO PRI 188 R 5y STl el in the on
Gk Pidh_¥0bfi88 BuiVe widtBYoHeY uflidid g lshSaOVES Ald iN9he Oh HiRBeTon_s
regul ating nmeans 51, the voltage | evels in the on
of tme plidse-widdf finely dividing sagrod [Vsroug i yesgonsiedd nige sdltaesl level of

R RNTRT R TR I N TENTE (R TCT R
1iR¥bneb] citdi® BUBARLY oM thd pEiSe WRith dﬁfid&ﬁ%fs?gﬂﬁl Vm and the
| evel of a control voltage Vd generated in the 15 tine

pdse madthcfinedyi diviihgosigaal ¥a aldveriped sdopd dith @ oaghihy operating

di,vi di signal Vmand the . pulse wdth finely.

tiipe D SelRe svenarissr et ExSins b e opiogf e presen:
SRESdtneROhas\BhHi2SiatYe i Ehhbe & idStha fird RRBodinkdt ! -

Except these configurations, the present enbodi nent

has cdvitmfimatinothisi emberhiment, wist time fgees ionstheevdltigie fevel. of the

Meanti me, . in t.his enbodi ment i e qgoes 0 t .
RS VB it el S Py thel R PPads Fec. 1t is no
FObRRE HoWvek 82 edY thé Raktdge 164Q TRES addt sibht RECas\hewnlih Fig. 5,
IS no robl em however, for the voltage | evel of the

iooreacin[the jugperl livgt, atathesfaguntime 45 gsing, initiagion exfcthte tidse width
ey e R

t her eafié@ris hdebcriptloARE tRBadibBf SRe®nfiPuration described above with
reference to waveform diagrams of each section in Fig. 7. The operating voltage
regulating means 51 regulates variably the operating voltage Vcc supplied to the
DSP 17 in response to the voltage level of the output voltage Vo. When the output
voltage Vo drops, for example, the operating voltage from the operating voltage
regulating means 51 rises and then the voltage levels of the pulse width roughly
dividing signal Vm and pulse width finely dividing signal Vs also rise at on states

thereof (see the operating voltage Vec' shown in Fig. 7). Thus, in the control signal
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Next is a description of behavior of the configuration
descri bed above with 25 reference to waveform

di agranms of each section in Fig. 7. The operating

voltage regulating nmeans 51 regul ates variably the
operating voltage Vcc supplied to the DSP 17 in

response to the voltage | evel of the output voltage

Vo4 Jhentddhg t@é‘hﬂl@tconﬁgi LRSS MO atir9Pdaryihp rse?ﬁé\'ﬁ@ﬂeand a second
t he operating voltage fromthe operatlng VO

r egningt Segmentedhlselvary seth ﬁndratswénpcmeng/dbttmew@deﬁimed as an

f the pul dt h di
otres Tt A e s Rt Py R i R S g VR e lp e T
SHAREH 1R 90labSRc! PEUBRBRAL! AGraIld AgRaYS ohe HANEIA value

Thus, in the control signal 30/41
g‘édeuhaahedemmartdhtéaelterfm tb@ nn tigie Bt pf thetpul®:, drivef algrai Vg increases,

d t
el R IR eis 2 BpeRu Gt e i b PrubE e V3
defi ned Iﬂ&h@@resb‘ﬂ%ﬁbédlﬂbﬁt asAIb‘beEmErhﬁ)nQ&” ﬁ%WfégdBack circuit 21
roughly dividing signal Vmhas risen, a tine

requinged o pelse generabt dgegén@weﬂngdhe phbeobmersa)gn@ iVgnwhose pulse
Vugﬁo reach the threshold v short ens %n%' d

KA B FBRE Brie et [ rhe GH Pl S Yodiire s GRuRey e drive
| QfuREHF Servin ?Qstahﬁlﬂséiigér&%ﬂﬂ%%eﬁs rfSlugénegahn%ﬂﬁé @h@@ d¥i¥e signal
as to raise the output voltage Vo. In the present

e%o*dhmnn inputa pollagseerndeodred, prcdﬂtcmmndi@elubdmkd cialuguVt_th, the

Servi as a ulse en tor f erati
SChectiy 1qlthe s RuRiRg eSO St b e Blind S GRbeRs vifage Veo in
I @SRANE Qo 1tRe @ntphhemﬁwge Rl MO HnROBond! difd8itel8afR® generating the
provided the drive 10 circuit 20 serving as a pulse

oramenod signal Héansmigms g@néspaenmgnnm eigpal e npkingthsi vpitaie level

:/Sg? Whegf‘ 31? %tgr{ﬁi\!‘(’)(lflg?ggt Cﬁ?g rd.lep,(gigllt E{gg t(r:]» erggulate the pulse

reQidh 3t iRIpBaasive bignal Vize hﬁﬁﬂnﬁghé Ren@dIesigidl VA into the input
vol t age VCc in response to the output voltage, and

t¥edtage.me control circuit 18 for generating the

For' i AGHR i PO BBLIE SRR 00 B8 conc

apRuat 181@ Meldiaoardecoaaldsngibpe or tfes ééﬂlﬂﬁfm'doﬂﬂage leQel with the
regul ate the pulse w dth of the pulse drive signal Vg

Bperasingi wgtaghé/ C@dhﬁﬂed agmgfnappevdlmlnt Bineth thej mmtmg voltage Vee,
oltage. L.n th a t he ontrm

h"p‘f‘bﬁ"gfea AHFHM eFPé"“f. ?Pe c?o"H%P‘% |"° & e‘lglﬁ%"?‘ﬂw‘ dlepal vdis

CibiiHed ba@d lohIRS pdlsé OREh Wiviflile|steraRl WRE Vis fhat Fafy@)the anit time

level with the 20 operating voltage Vcc defined as

the ¢lpglepulse dnratiosiTagh thmeulwéfrlfahucuagtrvloﬂor ygwyingpulse duration in
ver r h Put a

1gcv,\%chtst (hta a Elg'lf]ét nggtjl s%eﬂ ﬁS ﬁ'@éq_?és Sl(t) 8.1[ e s e%Psglbiseeglﬁg%enﬂenﬂy of
tthe upiltisee. W dt h d|V|d|ng signals Vm VS that vary by
the unit tine
Fourth Embodiment

Figs. 8, 9 show the fourth embodiment of the present invention. In a
switching regulator shown in Fig. 8, a signal output obtained by a comparison of a

comparator 16 is supplied not only to a DSP 17 but also to a threshold voltage

regulating means 52, which regulates a voltage level of a threshold value Vd_th in a
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(the clock pulse duration Tcik), the pul se-wi dth

control for varying pulse duration in increnents of a
time length shorter than the unit time is possible

i ndependently of 25 the unit tinme. Fourth Enbodi nent

Figs. 8, 9 show the fourth enbodi nent of the present
invention. In a swtching regulator shown in Fig. 8,

Arivk SRR OP NHE reQPIRE NBTa MY IRz WRRIIFSAN oifpud voRtBge Vo under
conparator 16 is supplied not only to a DSP 17 but
ahagotoring aThé DEPN LT dutpotst sagruple gfi palse rvgidhedinidig signpls €& pulse

requl at .V.Ql tage vel of a threshol d .val ue Vds .
vt S8y Yyt Sl T aaitse iRl BRAR S vitg Gt Wyeo a ime
leiied QfcuftM O PidtsaM@! WA0S NUdHRAR the FR& dufdditlent TRA on time
DSP 17 outputs a couple of pulse w dth dividing

Sognulof (ke muilsse widthdtfinetso udjidingdi sigrdil nl's sihypmegiven/nis gonstant

i dth finely divjdi [ \Vs) .t ti .
G Fafeoty on eyt oS e Blfput YorteBei e H¥, ppqyicing the
kitrestol & YbIRLe G@éﬂlaﬁlggwmg&stsizn%eﬁroﬁgg@eoa dfhiRe MHedshBIAWAMVA_th

finely dividing signal Vs, however, is constant
imtheplsivdeincity 20 fvatitreinves poaspetol tby wbltage leved ob theputput voltage Vo.

| t Vo. B I dj th t.h hal d t .
YRt e g weomESienal Y et dn G Be PR hEiroui 18 based on
Y gele | widie kdighMd dfvidding RignAE Vah a8 el iliel width VigHel £ Hividing

in response to the voltage |level of the output voltage
vignal Vieirceonsieneanion time $ntof olpulseghinie sighal dgevragieedy ithe varying

he ti j it 18 based 1Q th I .
3&:%%9‘14%&5%%5%‘/ :Eé?:%)gl é?sﬁn%qn?fﬁ%ﬁat%ﬁa’ eprre%t‘long ee‘;’:gaogirﬂent has
thiredutatbn/indionfinorS Wil e Y8t hbsMRshant, an on tinme Tx
of a pulse drive signal Vg varies by the varyin

t hr esholaddition Mdthe rprert epbodiment o roligas éﬁ“iegﬁﬁ Sthe control

t he sent enbodi t ha configuration.n cqnon
SRR Y RESF pLebedimnaricn e Oteraifed Soltaee Yebias B eagon. As
sl i L 5, hdvee e it agfoshieMeWitR notpheble@Nfor @le volfage level of the
signal Vd rises aslope to finally reach the operating

vontralgignet ¥ d4e reachen goper lomit afihe semewime 35 rising ofghe pulse width

h L i ble i bl em for th
UG e VAR Bkl B BIG S8kedsdn o

upper | Nekdtis atdebdtiptivarst behdBorast the SorftzuldtidonRsfiled@bove with
wi dt h rough;é dividing signal Vin and thereafter fal

mfprspee &% Wavptorgodissems Mesachisgcdonyé &iig.pl.i B dmeshold voitage
peeh?a\ﬂn m& | stSB%e § zlipé:é gura%i | 39 v%ﬁ?f(g:er feggldoﬁg? Eﬁ?es\%f& Y._aluzeon_th
r ere cez}novva ormacflla rans oOr-eacn section in rFid.

% a Ghiee telit@is h0lifl rpbha0® thé egMigRtlend] JTRAOSuDEL voltage Vo. If the
regul ates variably the voltage | evel of the threshol d
ouipukveltpgenvo diaps far pxample.rthe veltagg lpyel of hyoWsesheld valye Vd_th

Ynolhte%el cei%%it ﬁ)fdrtolﬂg (s%gttlpeu{hré/s%!ofcﬁ\gﬁuev %"d,{hf shtou% in Fig. 9). Thus,

even if the same control signal Vd is generated in the time control circuit 18, after
the pulse width roughly dividing signal Vm has risen, a time Td required for the
voltage level of the control signal Vd to reach the threshold value Vd_th shortens
due to lowering of the voltage level of the threshold value Vd_th. Hence, the on time
Tx of the pulse drive signal Vg increases, so that a feedback circuit 21 operates so as
to raise the output voltage Vo.

In the present embodiment as described above, in the feedback circuit 21
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out put voltage Vo drops, for exanple, the voltage

| evel of the threshold value Vd th in the drive
circuit 20 drops (see the threshold value VvVd_th shown
in Fig. 9). Thus, 25 even if the sane control signal
Vd is generated in the time control circuit 18, after
the pul se width roughly dividing signal Vm has risen,

Jghel \Y § &g w
S e AR oL Ao IR el g ose puie
shdtht ms il vespomsel to Weer outpptobltagre Vo.cheragee pmwe:ledohe dhee circuit

reshol d val ue vd th. Hence, gﬂh on time Tx

| EVIRE 29 4D PYlse SeRRTting Meale for gegerating te Pléléa 6’5’6’& “Signal Vg
%He‘ﬁ%tméh %&@E?&ee&soa gl%del%gnfngd iresifoid V818 l’u(p‘tﬁ the threshold
vol t age In“the present enbodi nent as describ
abbegs rdagnlating rhesmd BAcflor a:cg%anﬂg Bd voRAgel level of thg thseshd)id value

rator for genera he ul se drive signal
Ot o otomac o vpesoRB0E Fpliadey o, aad s Bricobomes] Gaieg 18 for
r
\ehdraGs MR cdﬂﬁ%‘i %1@5?\/@ s@ﬁhﬁ?ng me%lﬂgé ggnre?%tfer%:h nal48r making

serving as the pul’se generat ting
ttlhﬁevqitalgs devdtl rive agopmer fallgsloph entiswe gloapum to/mlgtlhgethe pulse width

Eh sy oL Pagekine g mash G258 YOS Mg Urar place.
the vol{ ageidseMuel, e cédifol E%Qﬁb@lsg IYl éll'ﬁ?]m\(ﬁie fifhe! dontrol circuit

response to the out put vol tage Vo,
d8ntor thle drii vec wirtuil 80f oses apbrper att tfaib adh@ecdfﬁer vbltagegientl of the

e pul se .qener at.i nal far nmakin
fiie v a8e Ve i petinese adFOSEd 9 Saver gpaes teshhse to the
9ae%t PHl R w%ﬂe@hﬁmﬁzhﬁng uh&§Re awdh Br (Rfcoh61 & ,ﬁ@va is obtained
dri've signal Vg by making the control signal Vd into

bheedi orptite pabe dgeding Gigmlst Mirs Vngtaarvesy, by hise oonttmtt (the clock
circui.t

[ | Vd df h |
PURE Rlealiop Tk e Bplse SR eGubolor Saiis Pulsh PESLR sperements
-'6?'9 i 1LRSE sheM&l thQrf ﬂfehﬁlt tihé 85204iB1eViRl&Rn iy SRS vnlt time.

the drive circuit 20, however, 'varies in response to

t he oMeputimeothe peseMonvandion i1 limgitédhty. thélembedimengsndescribed
ontrol Vd i s obtaine ased on e .

6%‘1“"& vF’&?Wg“’&P&?Fé‘Lg“S\/?ﬁe RAgS *‘at’“\d?é‘f %y Pe® fluﬁﬁ e gist of the

predBut(inRentfdm0 Hor kR al Flics%edb'ﬁ'élhtrg’rbf-rtﬁb Kime tB@rol circuit 18 is not

pul se-wi dth control tor varying pulse duration in
restricsede it sachodf detemhwdimengs hnd Herefere aacireuiey umdayt be available

iabret Tk ¥ . AR SR RO Rt e sSR! MBrse P spmgnes of &

BHRORN BTN b forEke Sthhn RBE cRRR VSN duMabh OPLS BP@HJ ?ﬁﬁ&'\@iﬂﬁl finely
are possible within the scope of the gist of

gwetbemslgnnl/é’ﬁt therP@hll&smmﬂ presart @rrdxoriumrttmyh@bntpm@es of the

20 d
B w0 6y HiTite, gty s, AR pwSE iR oS o i inat vim
anéamhiab) @sddaff FiaLksTRkebd RplicabR. S&Iﬁlﬂﬁl)OfMthégﬁﬂi ©@Cthe control

drive S|gnal Vg vary in increnments of
signal Vd, the voltage level may be reversed relatively to that shown in the figures.

Industrial Applicability
The pulse generator of the present invention is applicable to a control pulse

generating means such as a switching regulator, a stepping motor or the like and
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time length shorter than the clock pul se duration T~jKk
of the pulse width finely dividing signal Vs.

Further, whilst in the present enbodi nents, the on

pul ses of the pulse width finely dividing signal Vs
and pul se wdth roughly dividing signal Vin 25 are

mai nly used, off pulses nay be applicable. Simlarly,
bedibey fpEcablE @o bl ¢he gyplicotionsth@@ed \filiset, eclvélt 5igffl generation
| evel may be reversed relatively to that shown in the
forgdptermining peatrel Hequeppies ebppntral\sygemysactpag 8 gnicro computer, a
ggﬁ@{ﬁ}ﬁ&%e ﬁ]&e present invention is applicable to a
control  pul’'se™ generating means such as a switching
regul ator, a stepping notor or the |ike and 33/41

besi des applicable to all the applications that need
pul ses, a clock signal generation for determ ning
control frequencies of control systens such as a micro
conputer, a systemLSl or the like. 5 10 34/41
Clainms: 1. A pulse generator for generating a contro
pul se that varies in pulse wwdth 5 conprising: a

vari abl e signal output nmeans for outputting pul se

wi dth dividing signals whose pulse tine widths vary
in increments of a unit time, a tinme control neans for
detecting variations in tine widths of said pul se
width dividing signals to vary a pulse width of said
control pulse in increments of a 10 tine |length
shorter than the unit tinme. 2. The pul se generator
according to claim1l, wherein the pulse width

di vidi ng signals output fromsaid variable signa

out put nmeans conprise: a pulse wdth roughly dividing
signal with a time width approxinmately equal 15 to a
pul se width of said control pulse: and a pulse wdth
finely dividing signal for regulating the pulse width
of said control pulse by said unit tine, wherein said
time control neans roughly determ nes the pulse width
of said control pulse by neans of said pulse wdth
roughly dividing signal and then finely
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20 regul ates the pulse width of said control pulse in
increments of a tine length shorter than said unit

time by neans of said pulse width finely dividing

signal. 3. The pul se generator according to claim 2,

wherein said variable signal output neans outputs

said pulse width finely dividing signal ahead of said
pul se 25 width roughly dividing signal, while said
i e control neans regulates a pulse width of said
8H8¥ ol pulse in increments of a tine length shorter

than said unit tine after said pulse width roughly

di vi di ng signal has been output. 4. The pul se

gener at Arpubegeneiiaty fonganksiting 3, cohtrol prdse thahpariesiingukse width
ul se, 30 generating nmeans for generating said control

CngQ@nﬁhen an input voltage exceeds a predeterni ned

t hr eshpl, gyt YEmaBodifd: MRS FoP obpaRinghllsePWi R dWidihP signals
roughly dividing signhal begins t0O be output, said

whose pulse timel widdsnsiry inierteatsofpuindietigener at i ng si gnal

for raising, at. a redet erm ned .gradient, a.voltage

| ovel - BaEATS! GreeBa TRy G CeE werations fathe Sfe af Ngd pulse
wil@navidind Hesal & PaySEpIRRIR bN6hid icBRRb] SHRSHNASRHAR of a
the voltage | evel and % then said time control neans
timeeglehgthebomerghhm thewingtitimef sai d control pulse in
increnments of a tine length shorter than said unit

time by turning the pulse generating signal into said

| nput 2V otneagfise TendfafrPACORIMENS AR (2GARYEInNGe! Pulse width
claim4, wherein said tinme control 10 neans is
dpriding dighalsi auitput fivim sai¢ ghtizhje sigoalcrwpytimeans sompfisy:

gener at i a.yoltage level depending.on said pulse

o at h pRRE G oh BT GGk afeRRf Rith a8 sl ofidifacely cqual
t6 @PARE Yighh\drdhiadont8N@lIsdQgins to be output. 6. The

pul se generator according to claim3, further

conpr & Pulsg widphffigely digidigegsignali fog regidaiing the gdseewidth g said
|.se when an input voltage exceeds a

' [ .
C%&%ﬂé@%&hﬁﬁ@ﬂpﬁﬂfggﬁbld val ue, wherein when said pul se

Wi dt hwhereahiald dimé cinfrg] leaiAdouBRIg RASerindndd@h® ghiBe width of said
said tinme control nmeans generates a gulse generating
1

centgplapulseohy mewes phepid pulse twidh raughlyl dividing sigpalaandythen &nely

t hat exceeded the threshold value, at a .predeterm ned
Sy RS Sl e PP AT R B Shorer
tehinsati W8t e B mdink bf SAH GuRbvagth fARMLARIdIAG sehanal

superposed on the voltage level and then said tine

control neans reqgulates a pulse wdth of said contro

pul Se3.i '?hei: rﬁ%fsgrrg%ﬂgr%to?facgo}dgx{ée tol glg.l% I&,mrréigrsaid variable signal
output means outputs said pulse width finely dividing signal ahead of said pulse
width roughly dividing signal, while said time control means regulates a pulse width
of said control pulse in increments of a time length shorter than said unit time after

said pulse width roughly dividing signal has been output.
4. The puise generator according to claim 3, further comprising a pulse

generating means for generating said control pulse when an input voltage exceeds a

predetermined threshold value,
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than said unit tinme by turning the pul se generating
signal into said input voltage. 25 7. The pul se
generator according to claim®6, wherein said tine
control neans is provided with a bias voltage
generating nmeans for generating a voltage |evel
dependi ng on said pulse wdth finely dividing signha

when &ﬁhx@npwhé@sa&a gnne vh@ﬁh%hghﬁl M ik Sia® 8B4 inP &9 bO Sutput,
to be output. 30 8. A pulse genérator for generating a

saidntime| cquted emedrat gemrates ai pulsel gmewntidg hsigmdnfor i @m@ at a
ble s ut, megns for

PfrdEicEmet, BpGagnt y RSt AP CSTEGHENE GF (11 PPl e Wifth Finely

dﬁ@ﬁhg)ﬁg‘ﬁ'ﬁf Sl sﬁg%isetggna‘aﬁﬁ% ?n.’ﬂ' ﬁb&p@fad&ﬁ‘i‘ e QQR fdeOkvel and
pul se "and a pulse wd finely dividing signal ose

tlwhasmd dirhé¢ enostrcke nfeaosnreg'{ittasel pfilse avidth ol sl wmlurdﬂ pulse in

i viding sign es by, a unit tine
neRSFREtst it b TR JRGE oHoEr b AT ARk ooy HHGE dhe Pulse
ga{@% gﬂa@maeedt&paf%ua pul se width of said

control pulse in increments of a time length shorter

than said unit time. 9. A pulse generator for
ener at j a,control | se,.t hat var n | se
0 o P aisE B s Sy BRUP AP R dn o N Bk HiRe Fppero
mahd iCHRVIRE With Saem%%h@gé baRitingVALARIPr LEa&EHRE @ voltage

predeterm ned threshol d val te, an operating voltage
lavehydépending oreaxid rfudse walgly Ifmelmglvaimg)lstgaglev&flhewehldolﬁulaenmdth

0 at.ing valtage,. and 15 a tinme control neans for
“ﬂ%ﬁb’r%ﬂ‘ﬁ@g %g’bﬂﬁ’%méé?]g?g'ftpﬂb signal for sloping the
voltage level with said operating voltage defined as

an upper limt to regulate a pulse width of said
cont r@l T lpylse tgenenatari spgording (to|ckdmgdniwrdier mgmvhgmal a pulse

intg.said i al ta Ise gener ¢ t or
L S R R R ST
pfe@BiefhSkd threshold v Afe generati ng nmeans for generating

said control pulse when an input voltage exceeds a

pr edevkerpinnelen $aid ghise dvxdtal ngeghly duhdmgmgrml beginagebe output,
5 g%uleat Lt Thens gfrcl)r e it | g ePating s‘igrga?flrel\é)%«!en%g a voltage
i FEED B VA EI PUaHd 8 &
level from a peak value that exceeded the threshold value, at a predetermined
gradient, depending on said pulse width finely dividing signal with said pulse
generating signal superposed on the voltage level and then said time control means
regulates a pulse width of said control pulse in increments of a time length shorter

than said unit time by turning the pulse generating signal into said input voltage.

7. The pulse generator according to claim 6, wherein said time control
means is provided with a bias voltage generating means for generating a voltage
level depending on said pulse width finely dividing signal when said pulse width

roughly dividing signal begins to be output.

8. A pulse generator for generating a control pulse that varies in pulse width

comprising:
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a tinme control nmeans for generating a pul se generating
signal for sloping the voltage level to regulate a
pul se width of said control pulse width by turning the
pul se generating signal into said input voltage. 30
37141
a variable signal output means for outputting a pulse width roughly dividing
signal with a time width approximately equal to a pulse width of said control pulse
and a pulse width finely dividing signal whose phase difference from a phase of said
pulse width roughly dividing signal varies by a unit time, and
a time control means for detecting variations in said phase difference to vary a

pulse width of said control pulse in increments of a time length shorter than said unit

time.

9. A pulse generator for generating a control pulse that varies in pulse width

comprising:

a pulse generating means for generating said control pulse when an input
voltage exceeds a predetermined threshold value,

an operating voltage regulating means for regulating a voltage level of an
operating voltage, and

a time control means for generating a pulse generating signal for sloping
the voltage level with said operating voltage defined as an upper limit to regulate a
pulse width of said control pulse by turning the pulse generating signal into said

input voltage.

10. A pulse generator for generating a control pulse that varies in pulse
width comprising:

a pulse generating means for generating said control pulse when an input
voltage exceeds a predetermined threshold value,

a threshold voltage regulating means for regulating a voltage level of said
threshold value, and

a time control means for generating a pulse generating signal for sloping the
voltage level to regulate a pulse width of said control pulse width by tuming the

pulse generating signal into said input voltage.
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