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14 Decenber 2006 -1 PULSE CGENERATCR Field of the
i nvention The present invention relates to a pul se
generator for generating control 5 pulses. Mre
specifically, the present invention relates t°1]46b£91|n§§2006
generator, which is incorparjated in for exanple a
switching regulator or a control pul se generating
nmeans for a steppi ng pPIPLSE GENIERATER the control
pul ses. In the switching regulator, on duration of a
switching el ement such as a MOSFET is regul ated by
% ' se. widths (tinme widths) of control pulses
f%%yafé}glrlnggw?g%od’back circuit in response to 10 out put
vol t agekhet pregent fipveRtismirélatas 11 aOpe s geeatof farhgenerating control
switching elenent for stabilizing the output o
vBitesgMore gpsrificaily, the,presang miypptionslates to & pplsegenerator, which is
VﬁEb\?Q}a&d RUksee 1 2CQRIRRls teauRRR! ded cbﬁtr&legﬂge?tg@nerating
revol ution speeds and rotation angles. Related art 15
Oneamsffot hetepm@pg ewtoritagencege dfe cwonvipilsesnal thel evitdasg regulator,
utilizin ul se eneratagr fo ating this sort
i LiAiEe s P SEREHR O pr MG R s Mail b 335 putse
Swidiishitige Wedhe)a$f0dontrsl pOIBEs BUI B6in P feeShRWMidcRit in response to
Japanese Un- Exam ned patent publication No. 4-322161,
SQuEPHtt Maltagas dbf pafahc sWHelng ciperstiopuopibe votichige elgaent for
[ e j Lehi regul a Wt sw t.chi pg.
e M’ Qb SHEEE " YRe T s ol Bofbus ML Dltiabre
r il @x- efdtle comid agmpplieppl iggulgteaevatutidn spesdscnd vetatiem angiéso
digital data through a feedback circuit; and then a
f eedback anmpunt contained in the digital data is
EAasesagd so as to be synchronized with clock signals
froman oscillation <circuit, so that control signals
gener atrd bf tbonsepres¢miafivenust cbteintiedalpderiesssatiliziagaa pulse

i nto anal ogous data.levels are,suppl.ied fromthe
ShalERot drtSndih QiR pl ettt BURR SawikbMeufEsor such »
GalideBingl gopalaordis cEuidPlreddad Qhdhe B W dpahds8 gUS! FdaRiMeda patent
the control pul ses whose widths (time wdths) vary in
reperios Mo 4ri2alflpsechy Bpt agifferenngsbetseannin pyiphgvelkage under
SeftidhinliOtal A9%wifkfn PR ol AR G5 Cor RAEN kIcRHRL lafid'd Rerence
al so suggests that fréquencies generated in the
oitngd geriepated i ¢ ueferemes/ voltupe capglyalg ditveit] isneneértal into digital

transi ent response.in which th ut put voltage varies.. .
LB iph 4 4o CHBR ot BOTRGE Aeitbgatied n S digita
CREPA’ frobd8ed/ s&aithd Be shhhrbkiSH NG @Sck08RRIAFREh bR okfRation
oscillation <circuit may decrease, thus I rovi ng

SR sonthay eontroh signali genecated by cprerifgethus pbtained processed 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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14 Decenber 2006 -2 output voltage varies abruptly.

Di scl osure of the Invention According to the

above-descri bed switching regulator in which a

switching 5 element perforns sw tching opsr

control signals fed from a,feedback C|rCU|ﬁ4%&m%nm9&mm

drive signals froma switching el enent drive circuit

FuBHud ehlREaAVatks Aespdy.on  cl ock signal counts in a pul se

generator as shown in Fig. 10, for exanple, then

rising edges and falling edges of the pul se drive

Digghi Eﬁ:ﬁ%&ﬁﬁ@onized’ for exanple, wth the

rising edges alling edges of the counts that vary

in a shepmxsgtmmn rabtrv.e-db@crihled] s‘eitcmngﬁegillmk irvuhiicmaismtclhing

Iegeg{/e,lng %GD on Q\Iflt%hlgne pu se a?na o‘? 31 na?l% e&l% ctmeagbﬁiﬁk circuit,

nglﬂfeaerJre s1g'ﬁbk3 rfefn b @witttimyelenent qi)ﬁb ictvehiDdre tghl&rzped Bﬁed on
ve. signal and an input voltage are eflned

é!?&k\gﬁg“al PRUDUCE PR/e 8Fo fﬁtoéa%%héﬁgd’bgﬁ bfg\/fé’re"éﬂﬁ e‘v“F’éF‘s‘“g

fe@fes Qlali MUl RAgR dFONE HulO litidd Sigh1R AredfinchioRvdd, & &alDIe,

the mnimal variation AV, in output voltage is

it the Heige pYees pad fallingr edpesoRfi thycqustsibiatayapylin a stapasg) manner.

-Eféln'lge TaSYiin(liln)al '$§n$ C}ne@t{ drnraﬁgﬂ tOIP ethé %{l%lcﬁﬁvé lngnal is limited
OV\BVGI‘ sw t chi ng fr equenci es o 20 tonverter
arexritably b a@@u pulse duratine Tpeef bd pPTBe genpratph hgrafose whei weae

IQSEaLf t.hséhﬁgu se ased ai‘ sad taﬂeﬁpu'i %ﬂ?‘@”&' e edo%d%ewsgnd. Vi,

e Ssw re jul e 'm ni Variat
tréseccmﬂtelpun a\&tdpt—ca:g‘.&l pmdaetomnext flor |om@utt1hg fa lewernfulli@ge than an
increased, so that a eretofare aris
TRt VRS e e, PR Suth ORPo P SR REhaN te
totlomase tdpaual(ock pul se duration T, 1k of the pul se
generator is shortened. In order to shorten the cl ock

25 pul se duration Ton, the frequencies of the
oscil l atdpn circuit prOV|ded in the pul se generator
nu&bwbe—ﬁemered(nthus resulting in substantial changes
in deS|aﬁWbe|ng required. In view of the problem
descri bed above, it is an object of the present
invention to provide a pul se generator which is
capabl&s iafclq;aerfzfom therfgrnaulp (1)s Bewéelt, hif s\@fichingnirequendies of the

icgcr g-ear}e ?nc? a i tﬁhorrtlf' t ho Q% IH %\b si ng.Pls (fecreased in
pul se genera ? Wit Ao 8E"Fa" mel elfpr'® 6 S'&
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 Ty 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



shortening the clock pul se duration serving as the
unit tinme. Means for Solving the Problem According to
a first aspect of the present invention, there is
provided a pulse 5 generator for generating control
pul ses with varied pul se w dths, conprising: al4December 2006
variable si gnal output means-for outputting a pul se

ortem\”tﬂé@ céllglgcatliur oser\%lrllmestheu ttﬁ arl es every
un 5 e e CONtTO ans ‘tor detecting
varlatlons |n a tinme width of the pulse width

d|n S| nal to allow a pulse wwdth of the contro

puI b4€ g the fro8lem ner ements of a tine shorter
than theAl‘:’éUr&ln%'t(ﬁ?ﬁrsi‘-Qs peft dfSprE@ALInvENRal IHBR i Y\’Bfgvmcﬁfa pulse
the pul se width dividing signa 1ron1the varia
5si gnmratoutfgugemm qparrplesulass withnyarietij pndse Widths, jqemprising: a
glo\r)lt riaODrlleg e 1;31l gﬁa rl.]l Sa\l\rgs\s}‘gll; oxﬁ ue[{ Ved El@eﬁﬁ’d{h%plé{“ n%glg{uﬁ wol*osc time

t hevidthontieokvepy bﬁle tirdah hﬁ‘dla Itlﬁlet dibﬂtrbll €ans fdlt Hetédtiap G}@fxanons ina
vary in_increnments of a time l.ength shorter than t

unitime Figgh o g pwlse vadey dividgg denaf e alipy éeP“\‘/aed'(lﬁtho?f 'PFI gontrol
CO'E;MsQ ko RN ER4 IS intrnledR B Y%&EnSGofts: theh € uiliHaR, than a
clock time wdth (clock pulse duration) of the unit

10t i me serlni thip emset thmetlmesxodtbtcpfouheqfulsphmdpluldsredlg@ﬁ@nalt fpm the
na et R thinpRe v REb0 Y, vy Sl R i R B e s
t heepived ghe PEREWRILID ﬂ].vuﬂhg'f'ﬁ@yalaﬁiﬂv%r tchﬁ‘ miak 8eheChUler @idth of the
nmeans enables a pul se-width control to he carried out

i n CPTHEY vishe Whigh iy the time wadth ithereqfor £ rin dReARMENE Of A jtime length

Ui BRorted hahUbd MBS timb. rHén*&@ PR HNGE R AL width dfse control pulse is
present 1nvention, a pulse wdth dividing signal

150 uuranOV¢¢ wmstthde higheratbhea siogln time cmdqb \elopkepurise duntpnm) oéthe unit

%ﬁ%ss%w\%%j%shumre g%%?ulotyﬁndl Y er %j)u g 4a ES r%re?or &t%eﬁth gaflce without taking

W eHehir@ibld feshonad el clpddd midseadidationiehdg e thehuniti thed yf the pulse

di vi di ng signal for regulathwg the pulse wdth of the
c oBETHEHOp §inzpdy B‘}d”t% e g cqn meﬂfeentaplﬁ% ad’BﬁFT"ﬂF‘hrFBBH%l to be
detghih 86sin %&raﬁa{t%f {EhE hohgt\GoREH §sh we%h datfe. t he
control pulse by the pulse width roughly dividing

20si gnal tkurtheguinathe puies pedesssompfitthe pfesemteingentionola pulse width
pul,se..i n . .
B g S S L
Si goughly cﬁ@idﬁ%qsh}@m with atthiee tvidﬁlﬁ v isQppitkiAnaely equal to the pulse
det er m nes aggrOX|nater the pulse. 30 wdth as the

com“itBPf Hi§ contrpl %Se\/ﬂl‘&tf’rf’“lﬁyw’@ﬂ%ﬁ'ﬁfdl’ dividipg signal Jagteeylating the

ngé D5keR Iognﬁlcona@xrb%ﬁs%tb%cthé ﬁﬂﬂhh@erﬁ(eatﬁxh@%rﬁm‘i hﬂeﬁﬁd determines
ut neans, so that thé pulse wdth of the

25 De@mn‘byglmag@x)@he pulse width of the control pulse by the pulse 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

30  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



-4 control pulse can be delicately regulated by a

pul se wwdth finely dividing signal obtained fromthe
same vari abl e signal output neans. Therefore, the tine
control nmeans can allow the pulse width of the€December 2006
control pulse to be varied-#4n increments of a tine

| ength shorter than the unit tine by neans of a couple

of cdrive! pulss eamibel tdalica‘ﬁelpl iraguthiteagbs iagruddeswiglén Enely elivifling mignal

t he va bIe SI ans Further, .in the.
uPEL B 0 s F veRE suil b psds: eiefine, 8 Fimgyfogreol
Si gie@ls caf ldllwftherﬂh@s@sylﬂtﬁ of &H¥f doBt#6158h152 Q0 B8 viuPedOid tifddéménieof a
puI se wwdth finely dividing signal ahead of the pul se

wi B lergty shertegitiangthe gngi GRaPY TRwes 962 cquple ¢f e pulse width
COR g FEANSzentrRY Lfl@ﬁlecﬁe aarﬁgiessegnm &ifue Heabhe contr ol

pul se | n increments of a tine |ength shorter 10 than
t he uni tFurthereingthe @nlse penepibrsed thé prepent @ufghn% dheyvagiaplg signal
e [
ﬁ&e cont qs ?Shf%#éeg%‘tb arsfetAvm g)t gtﬂég]!’% i V'cat Bﬁéﬁ%lmﬂg%@ al
r egmbdabé daeaﬁlﬂserwmhmopgihig alivididg highaln Sleyideb, ‘thed:umg cmtgam Aeans

< R B o e sl Gust e i Pt 163 snorer

10 COfhbi e upitltiHe affesthd @hise @tiiuafdughilytdnading lsi%ﬁal\Maﬁi bébnfolut’pat y

di viding signal and the pul se width roughly

di vi di ng*°s? gly. theaPudist ‘ﬁ{ﬁ'{h ascﬁlﬁézgag%lrﬂql%f tlrflﬁ évuﬁhp% delicately
W Q&Jﬂaféﬁ drfe tlﬁ%ﬁ§cQJv1dﬂluh§e@y Qﬁﬂhﬁ’@ sigRAISY %ﬂtp%fj alﬁd' HEh the pulse

| engt heni ng unnecessarily. Furthernore, the pul se
gentitthrayghlyfditiiag sigaslidp ouippty Hengeo Hei wlqgr‘ﬁmhd@fdhwqqﬁmh pulse
Bﬂ :dgﬁﬂ SAthd GuilEd %R&% Qﬂ%ﬁ&ﬁg%@% fdd8nE &GEE Qlidth Joushly

en an | hput vo exc S a predeterm ne

15 t hﬂhEElinEl m@rmhaug @utpwh élmnsdqeelmlwt thepulsé widile of thegenwdl pulse 2an be

g‘pln¥ ddtj ?ennglenm nnecésga:hm tiated, the tine control
rre%fns geené?’“é Il generating signal for raising
a vol t agerth@wete, dﬁgﬁﬁélgmrﬂﬁr dihtke prebei® invetkidn i ipﬁﬁ/hc}m with a
di VI di n%ﬁ lgnal at a predeterm ned rad| eniil
puPLE FATENDE i PGS iTgh SPrerdigs i SovE’ oIHﬂ%eh %Ia{’ 5%”‘ “voltage

| edsRbods 3N Grdde@AniByd tikiedHoRO vE1IRE MHes hd Vgiudtif e SJulld akvidth
into the above-nentioned input voltage, the tine

20 cougy dieiding fléwlatlé@lateﬁe ey GR0ERoh MeARs gengrpgs @ pulse

30

Coégngﬂt:mé)lé gnfl fop rhifiG 64 ? gefveladéﬂe%né %ﬁ%g pﬁﬂ@ r&:@t‘h finely
han the unit tine. he pul se geherating signal

gedlendatgedlghalom taheredqpmatr-lde geidggnt| withuttiu tpulspregansratingl signal
th I t ] e
act e bEd e YOLHE S8, gt By BRE WA A AR imo
tithe ahv»xdtrhentfﬁhﬁi ﬂnpmtgaetta§eh&etﬂmaecoetratmeng régudmesahe pulte width
|n|t ation of the use dthf| dIVIdI n
Pl afBL Betreen SRRl ey priBatosr e MR
W| dt h r qugd)ltpe plilve gbnb@tisd gpedi gbRENREE Sromt A€ vafiabld Sgndl Rawput
lag time becones
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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the lag tine being required for the pul se generating
signal to reach the threshold 14 Decenber 2006 5

val ue after the output of the pulse wi dth roughly

dividing signal is initiated. Hence, timng te@4December 2006
initiate the generation of 5t he control pulse gets

earlier, thus enabling the " pul se width of the control

PULGE A Bl 3 ol U, S Dy T,
dimmngl togniiagnthk geﬂﬂamndoﬁwtj)le)cpnm'tbieplmd sats Ear\twdttlhlscahab]hl@ the

trol e can var enent s of tinme gt h.
e @il R e qratoliaitte brbeudebij S Gred By st Htming t
1hﬁ1a@éﬂn§ %uwit)hmél DI RS FiRR] dvidRB i @a dAéJoﬁﬁhngI hde pulse
vari abl e signal output nmeans and by neans of
t Widdls hbthd opafralepwes camvarhén meremeentsgedne tigtei In@gthémr than the
e.qge t e [ Jyent
gt#ngtv P Ega?/ WIH%J%E 6cl)f %uﬁ%@é‘% 0‘1% Elﬁltégr] gztulﬂh d?\‘faiﬁl %n%ﬁ ée?l rake% from
008 e kit goh N uahine s @U|b§r&nébh§ Bf the tmapwld vallié &gén the pulse
exceeds a predeterm ned threshold val ue, wherein the
pEANSRURE HCAnS: oughly dividing signal begins to be
out put ’Al&h%hé ﬂ?e g&ﬁ}:{t@ oﬁ@@'ﬂ?esgrﬁr}ﬁcéftﬁﬁ i&l lp%c&ﬂ with a puise
generating si for lowering a voltage level
ceepentng reans fdnegeperhsm thie dohtréli puddeywhierny andinpgt soitpgalexededs a

redetermn di en froma eak | ue axcee, ing .
tPﬁég FH& Sg‘ dgéﬁb\?tﬁ fig P8 lﬂﬁ PR rﬁﬁwgmggﬂgnal
SHe@iid| to PeRAERPSHE Rk sdhdol ﬂﬂchﬁgﬁnl:ﬁbﬁ| a pagyl ﬁéﬂé@dﬁnﬁ}hgnm for

turning the pul se generati nal into the input

\)@wm@a ‘tolhtegft layel denendiog ﬁsm se gildeh ’égelwﬂéwdml ygnal at a
| L& f

Vﬂé‘%% t ? a&g{?thfrgln %gea‘ckev%lﬁ]e eﬂ%e ﬁgﬁhé tfﬁe%h%l({pb{@% with the

Opeihey getnlemginglsmml syeemersad ed the armmgeelcvaln ia8 | tRers bgnaning the
output 20 nmeans and the threshold value set in the

AHSEePeRERS F1ERY BEAIRS 1Y &PHREfe hendmp GPRIEC! MFads HCQ%PS the
'p?llster@ldﬁp&t ﬂi‘l@lcoﬁ)t%ﬁﬁlste' I%é%lgél‘ns of 5‘ %n{eol@ﬂﬁﬁ SB&'@srtthzmethe unit

el apsing fromoutput initiation of the pulse wd
ftimel y di vi di ng SI gnal to the subsequent out put

initia usevvld 0 dV|d| al
bocome oy i Fii e e sebag! Barertei b oY vAifge SR ueput
Qhiéapb land el thRbhdld value s&tan Y FiRsegedbEh lﬂtgzlﬁhsldéiédﬂlﬁié ih@ puise
nal becomes, so 25 that the time required for the
wﬁ% thlels e conig] spign imerwidihg The dongen theitpe elapiipg {ram qutput

l: ﬁiregl ALEOEDShe pglsgt“n&&] R a? ﬁE}ngs){?r[aY 'tcpgxe ﬁbe%;hgﬂt %gtpgt initiation

output initiation
ohf\thealpulge widyin adughtyhdividing signal becontes, the chqmak thiarpmhwa]ué at the

OGN T M T NERTATIN T, TR
that the time required for the pulse generating signal to fall to the threshold value
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
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regul ated. Accordingly, by a couple of the pulse width

di viding signals generated 30 fromthe variabl e signal

out put neans as well as by the threshold value set in
the pul se generating neans, the pulse wdth of the
control pulse can vary in increnments 14 DecenbebPe@006 2006
-6 of atine length shortergthan the unit tine.
Furthernmore, in the pul se generator of the present

i phvetimE dmgth therer tan dyranitdime. neans is provided with a

Ibie\allz | vg-‘l tgﬁg%?cgqu:] t-ifhuq& FﬁTﬁga&)r 09 Ph%?&%ﬁfuﬁ d’glog %8 ‘fnegc%ntrol

ShgaRl is Wievidéd iUl Sias Wolthfe géilemughhymﬁl for @bmatmggm adoltage
begi ns to be output. Thus, when the pul se w dth

r §tighdepending dii“nEj‘esH"{j’i?at”ldé'é dinsly diyidiae signglitwhen e pplsggvidth

Y [ upply the voltage | evel

I%lu ﬂgg’b‘gﬁiﬁ? %&%&gﬂﬁ g 8‘3‘?‘3 segnent) dependi ng on

t h e pulaswitkinhthé ipnisk width vouphhgd widingbigha belgms paibs eutput, the
enerating signal, so that pul se d of the .
cYAt ¥ ragﬁ@ﬁgfég%ms@scfap i %Pﬁ%f@? %tﬂs%gxﬁg{lgaewa ngito a kind

taﬂea eegﬁ&twd@f,&dﬁﬂzﬁ 6h y[héi Ipmsgllvﬁauﬁ g e/ i Y ki3hf0ioqthe pulse

group of on pul ses each which s different in on

t gemeraging i sgnpbr doothat sheomlwmdby afhehe upointrol ippdse chn din ddlisately

vari,apl.e si | o u reaver,, in the pulse

RGP e SR LY TR ot B TR cpufbeb e LB of on

Cifiléek @actP Ut SAidhhiatdiff@Entaf dntirdél b én Peidlis JufiRit dyahe unit time

provi ded a variable signal output 15 neans for

ofzeTp e Yargble signak eUREOReANE oughl y di vi ding signal with
a ti ME N {)ﬁ%’,f mtmﬁl (Hlllléet %eﬁPxQ{OQ)Qf 'Iﬁ‘é ﬁlﬁgﬁ%ﬁ%ﬂ@%ﬁ V\ntB%t %enerates a

pul se w cft e con ul'se a
f donebl pulse that RErics 1grlmllsevdmdﬂxe tiphaaee piokided eneaeiableaigriaheutput

phase of the pulse wdth prelimna di vi si on si gnal
VHiFites 15y opiRaliRe £ puihavidunioRh| daiclntER W dsTmE gridt

d@ﬁl@ﬁtlé Qﬂpr‘éﬁ‘ﬁﬁa@&y%ﬁaj' @B hbSuRp %ﬁtﬂj bf f:lfcr &SI HRIsEBKE a pulse

the pulse wdth of the control 20 pulse vary in

i widtte fip plysdiwiding signel Wbmﬁgtphasmdrffeecnqehﬁvmt the pbaget of the puise

ti . In this case pul s dth finely.dividin
cHl PRy AEDR sl Pe b fa e b S A et means

bﬁz&r H&Bcﬂ-ﬂgl Variblib®s infhd pRsPHidRRndé i RrENEGE pulse Midthf the control

pul se w roughl y dividing signal. However, since

tmléset\farﬂelrb@ﬁltemptswééﬁgnq lepgth vharterihaniha 481t tigef f er ence
d
anad caf, Rﬂég\%ast& ﬁwpﬁhs%ewlggpﬁﬁely%ﬁ& 'ﬁ%ﬂag?rogno{ﬁlte:rvghable signal

pul se ti ary ncre
| it e vhdes bialee tukie timeiih th¢ phaserdiffetentd fromothe tphise width

pul sely width of the control lse is i roved hi gher

trﬂg ﬁé\fle:‘ngcsp(grﬁmg%w%v&r aﬂr}cs & fimepgentrol means recelves the phase

difference and can make the pulse width, which is the control pulse time 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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unit tinme , which is the tine resolution of the pulse
generator itself. Consequently, even if not bothering

to shorten the clock pul se duration serving as the

unit tinme of the pulse generator itself, onl

addi tion of the time control means enables a ecember 2006
pul se-wi dth control in whi ch- pul se duration varies in
'E&WF&m%e@aﬁdb@sxbﬁﬂ%%utﬁ@ﬁfster than the unit

time by neans of a couple the pul se wi dth dividing

si gnal 1Burthesdnitbe peie generaroryeintbe prascntfinvamtip ¢hat generates the

AR5 i ARG e B g s

C €t gemerafit e tcba:troivpnsees-hbm afuhp wilEgd exéela@sr Q [re@etermined
provi ded a pul se generating neans for g;ner ating the

c Bxeshgld tﬂi% ADPRSFALAE YOHpER regBlating aeans dggtdatmg an operating
PLARE s Bitdl! e

PR b SR Aok Ko pen @ADL Bk £ Ul for
| doping avdltaget lavel edtht uolopcmang vbhzgegéefmedtasngl a:pped hmt to

gener atj.n ignal, for slo vol t.a | e W th
R {ng hobrer gt oEfe ool pidh T BekiRY i olfEpasheratiog Hgnat
I Rigsihati \j;th,eh se width of the control pul se by
maki ng t ulse%neratlng signal _into the input

§

vol t age. Inllémw epsenthe RudsgegengryEng signal awnbﬁtatfmgﬂm gmg| control
Sfﬁgﬁls tSQhJ {nﬁgg %&%m%gﬁ {ﬁé’cglaslo 1§ 2511{1&6111 Rrgltéfe level with
generating neans ris ope or sas
vmletoggmuhgwehagu ddfined heﬂmpmpe:t limg. m. mcagﬂrmglmﬁdgaaowever
theuper llméthASt oper.ati ng ta however ,
VEFIcEe R BBt OB b dortiie & BBEDI IS (HRRCTn vary in

Diskfeshedt ot i BfheCl@fgth hotrtdr than £ Ghiie MR Hid nab;myr@f the umt time
l ength shorter than a unit tinme independently  of

ueien if ithre PUSE @pperaling sigeal gl obtainpdriased pmdhes pglﬁmmﬂgl dividing
tﬁg@lpﬁﬂt pg.?g%queM;Fm?gI se width dividing signals

Vari es B unrt time. Furthernore, in the
pul se gMatrmcFre,orh thdpulps @aendror ofuee piesemt iva@htion that generates
generates . a _.control ., pul se that varies |ngﬁgl se width,

théePRrrolr Rulse g datios i BYSE wjdHe ers Al providad & pplse gencrating

ORBRIsAltbN GehbiRtif® NhE O kot S Buidd1ERhe dnN Bifut VPbIERBC exceeds a
exceeds a 20 predeterm ned threshold val ue, a

t predesermiined, direshgld yadug [agthrasholdemttager mgulnnm Imeah fpr regdating
h&av % G%@elekrﬁv Sha 2MHn c%h‘?@l ﬁ:%?% o Qe g?&@&nf O pulse

generating a generating signa r sl
vegeneatiag lsipnel for dopﬁgul\&lt&gd hEclpol tepalavd die pulsé vditltﬂ of the control
ﬂﬂtrol ul se by makin ul se generatl ng si gnal

ing the RHIse; 5&@3%1'51 sigpaldnto thg igpueroltage pul se
gener at it ghig ithidlce SHO BhisE Geret AiRg siial upB1iELRbMThe 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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25 neans to the pul se generating nmeans rises asl ope
and falls aslope in voltage |evel. Howeyer, since the
threshol d vol tage |evel set by the pulse generating
means varies, the pulse-width control is possible in
whi ch pul se duration varies in increments of d%Ligessber 2006
| ength shorter than the um&-tine independently of the
upit tipe even . if the pulse generating signal is
oblfeftheldhe ¥9EBtioh the pul se width dividing signals
t hat VarAc%§rdl?1y to?’%lé @lsé‘%’eﬁer&ﬂo%f thé g;&@m tgglo@velg if not
Ef fects of the i nventi on "According t he pul se
g@nﬁcmﬂwolm‘k pules puraSemserving @ntthowpit wernfithe pualse generator the
rten the clack e duration servi as the.un
i el G v Beh araf G BoR vaF L SRee GoAcy Tength
'dliol’i@ﬂ hian Rk 88it HMAls QRsIBRY bEfehis biNHeCRY %id dfvidihfBignal
length 5 shorter than the unit tine is possible by
rielaess palse time widths earigs d thedingt @mﬁg signal whose pul se
LTS oYL SRBY o BE B bk HE St ARRE s
puidge of Wedédhuof pule oﬁﬁmeraﬂowﬁmtseiaeyalih e rethérdyvofl attﬁne length
vary in increments of a tine |engt shorter than the

(PEteR tha theyunitriae by meapeoflciae Spwp Qf%f)f theeupsIvsdthgigdipg signals

Cﬁé’rh%e”«%n%’ ' the vari abl e signal output
neans ur%%%%hore acc%#%|ng to the pul se generator
of the ﬁnﬂhemtore naeotdingnto thel pude: péeergot Sé th\ii dtehermfmventmn

the contr se.is defined aftey .th

el 'y© i S\% ‘gﬁ% of ﬁb"n&‘i’“"&’ﬂd’“{sﬁe‘s rﬁ{?ﬁ%‘? \?dpt r%ﬁfhﬂﬂm finely
dﬂlvyluﬂignggﬁl g.ﬁalzh@@me Qﬁ&ﬂﬁ RubRYtaivie sipi $8vdbeihotbut, the
the control pul se can prevented from | engt heni ng

rdseeidihyot thfscwmmcvlgc carabﬁcmpmmigi fromtl¢ng tpalingouselessly.
gener at R{or?ovet e de Po I n\{l sre]:lt %e%gﬁct: T %Ewggplr%sfent mverﬂéon the

of the con an v

| gt dgher the E:oﬁthﬂl’pulstehﬁn uwytmtmd’fernbms OB @ Risnedendth €horter than
coupl e of the pulse w dth dividing S|gnals gener at ed
fhe R HeEnevBy meprseoks thyrarple of pha PreaMddth liviBiperignsls gamerated

tfpﬁn h{’y ge%%ﬁl U@tgﬁteltne ahﬁ‘% n? s 6f ﬁﬁr{ﬁfegﬁdl@ Jalue setfm the

nmeans. ccor I ng £06 T he pul'se gener at or
thutse;gnemareMg mewent i on even if the pul se width finely
dividing sjgnal ¢ t he oup .of the on pul.ses
each of Fu cffP g‘n" Seu%?“gﬁ‘}t‘lfﬂf}éh"ol’feﬁ?m ‘Jr%PB%" yyen if

%)Mﬁlé width FReRS (ﬁvﬁlhﬁgoéﬂl%nal ‘bbﬁfaﬂiﬁhé %é"ér@ﬁfﬂ of ®e Jnr]ﬁllses each of
con rol pulse can be delicately regul ated.
which is different in on time or in period by the unit time are output, the pulse width

of the control pulse can be delicately regulated.

Furthermore, 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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Furt hernore, according to the pul se generator of the
present invention, 25 even if not bothering to

shorten the clock pul se duration serving as the unit

time of the pul se generator, the pul se-width contro

in which pulse duration varies in increnentsldPegmber 2006
time length shorter than tI% unit time is possible by

the couple of the pulse w dth dividing signals

SPBG BY i nipisiSe e Pylsk wHith cHRFolen™HiRR BY C gy yaces in
i Eh¥ndl oY 'a%ﬁ?leﬁ%ﬁ%bn@ﬂﬁgaﬁ e Mt SfheVts %5&15199%¥ndenﬂy of

dividing si Furthernore, according t
phd et Grea by aamngcﬂlc bpwaqmgemimge lewvlent ion, even if the

ul se erating si.gnal is obtai ned b d on the se
T G G PR To, sl e st B PipasatdaveBtion. even
iNheUstilde §dn@Riting REMAM sSEstiThed Bade@ " @k ﬂu‘lkev\ﬂl‘vﬁlihd%ilgﬁﬁs that
duration varies in increnents of a tine |ength

hoest it the ai timsethg paisetwidth dogtrpbisswhich pulde donatden varies in

PRsreleagh o o 1 BRI RRSRaP e EhePmGFS gossible

ifi@epnRizatly dfitheini@Bimevevarfing Ehetthfesmh&altwlemwenﬂa the
kgnal i s obtained based on the pulse dividing signals

¢ SCRRERNEINEARSt he unit tinme, the pul se-width contro
in which pulse duration varies in increnents of a
time length shorter than the unit time is possible
Bme € Pesuaipnivh pf tie DrAwingait ti me by varying the
threshgl d, vol tage | evel .set in pul s enerating, .
means. ‘950 T3 @g‘ﬁé‘é“cﬁf‘ﬂ‘ﬂ‘i AeTgm 1 ilngra@,ngwpﬁggmwlg ofg Sg’é“’h“‘g

fg%ﬁa!?@rf@tth&ﬁﬁt ErﬁHd)cﬁmghﬁH u?e@ﬂeéénwﬁﬁvmﬁdmg one exanpl e
(0] r

a swtching regulato the first enbodi nent in
t he prEigedis 4 groepof wmvechnngchaZtsm ezchgpeotign @ff theveared. or m
charts..of ,each,sectian of ..the s .15 Fig, 3.ds.a_ . ..
ScheniBe? B § whFEa QOp it Rp ol Sing obh E-utilhdf & syjccing
fepQlitdrCTitRdsechibethed dmedfin iepreaapndemidodi ment in the
present invention. Fig. 4 is a grou of wavef orm

char t sFigf4 Bacgrouref Wé‘fPfQﬂm EheEls QA Rch sEPEPn o thesameyr oup
of vvavlgalgorSm i& rhag{@pof)f Wf&&a h% S OV:RYIsLAEn dshowmagmone

nodi ficdtion. ematic crrcult
moHifgtaitiad.i ng one exanple of a smntchlng regul at or of
t he th%rd enmbodi nent in t ﬁent lnvention.
ig. 6 15 a schematic circuit 1agra.m iflustrating 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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Fig. 7 is a group of waveform charts of each section

of the sane. Fig. 8 is a schematic circuit diagram
illustrating one exanple of a switching regulator of

the fourth enbodinent in the present inventi oﬂ.DZS 2006
Fig. 9is a group of waveform charts of each SectiBR™"

of the same. Fig. 10 is a-dFPoup of waveform charts
illustrating a re]ationship between counter values
aFFERCHTSL R RrgRenkiny g, ’&f‘P‘Pﬁ‘éthﬁ GPUE IYERTSRBTerpls akg used for
Clﬁﬂtéeﬂﬂé i@l as YR Pmb3linkas indREMn{Ar ddseriptidnd hrOdknitted for
the I nvention Hereunder is a detailed description of
eavotdingdenlicagfdescriptionewbgsiegernessible14 Decenber 2006 10
generator of the present invention, in which the sane
reference nunerals are used for parts the sanme as in
emnbodimeadi nent and conmon descriptions are omtted

for avoiding duplicate descriptions whenever. .

POSSi blPEﬂ.rmsa'%%w%hwa reglpior paf Qner exampdiyiutitiping 2 preferable
gﬁﬁ&é gfat(ﬁ’sofOLEce pRS@TRhGenHbA id 4dsBGbeéd iﬁ(rjcﬁaftrﬁf @EL gefefélﬁl:é?o the
enerator of the present Invention iIs described in
detampanyingdmeines en€@st bartdiz acconpanyi ng draw ngs of

Fi gs. d 2 In.Fig. 1 show t he whol e -

coni g aPor Bt Yas, Bl iy egelion Of the gyitcning regulator
fr@fe%ﬁ:@&ﬁm%ﬂ?ﬁ@'ﬁdénot@ adﬁaﬁhob? iﬁ’pt@&bﬁniﬁils'a@ﬂjﬂ which an input
term nal s across which an input voltage Vi is applied

fyabigee Mbds japplied frouy & G inpat sepfces3. oh rseigs; cipfuitgof a switching
SW in el . G- T ' a
FORELS B CL RN or B B Pt SR ¥ pdRetel o o
asfniagetiherans anéler siec tiiduitcmprisiigngchvke bok ® andial capacitor 7
and a capacitor 7 .is connected across the diode 5 A
dyEpnRectd Hurssuhe Windsi ha souple of uipug Semdeale §. Fmre connected

RS the OPaGRRICTHE, a Step MO cotvartR14OW vﬁﬂﬁv@ﬁfcﬁtrco%}%ﬁses

is provided, which conpfises the sw tching el emen ,
tthe seitddeg Blemehe4.chekmde §i theGhakelceihé apd placédpecitc? 7 o supply

Ry Dt VBt Roa A et et ¢35 e P sermiget 1.2

T e S@puli thaliBal88, Dtd Hload 1 0aThelbhhatide oD@l avdpQiowd converter
t he step-down converter 11 is as follows: during an

drt 15etsi GHows: ¢Hingsdm OB lﬂcﬁ_@d & éh%ﬁwitgl}ing [6EETRANG e U ?ii@de S is
SR O Bk S IS SRS fo o
ehewitthidg etementdé odie diodesS tsunmed cnnotdisctiaee b geerghetored in
etﬂee rc%%kg tc%rile%. i(Ponsequel:ltly, the output voltage Vo generated across the
smoothing capacitor 7 is supplied from the output terminals 8, 9 to the load 10.

Whilst the non-insulated type step-down converter 11 without a transformer
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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the choke coil 6. Consequently, the output voltage Vo

generated across the snoothing capacitor 7 is

supplied fromthe output termnals 8 9 to the | oad

10. Wil st the non-insulated type step-down ;geRUEHELb006

11 without a transformer iﬁ is illustrated in the

present enbodi nent, a non-insul ated type step-up

%@Fb‘é@ feCutt t@minalsCP 9‘191/ Sauno GARYE ik Qiutﬂ?i?léoﬂ?a%e Vo to output
ncor por ated 1 nst ead Al ternatively, alternately

.qq@gm sdnaly pecamvasert ¥y b wmpbaringt ¢ avitdzorlenst of the detecting
Sy SRRl QB ALk} 001 P v P Hppicne

Ifrdne)hmaynltae’sm-s edDSP ri7t (iegipd Stgral Pexkadi) memmg 85 a variable

pro a feedback circui cor.respondi n

ﬂlpd’l“%’gt JRiet At f‘?°8‘r"e%tg“b|°|°f“£’f“i’?6 ¥‘ﬁ§g8u‘t‘: ?“gvgf%g‘ge

\éempﬁenasp 16 36 B@putvH pileg @idtigl Firéldidngdin g SighhloVS whase tikde width

vol tage detecting circuit

serving as an out put
VBRIt BNy Umpde éﬁﬁ%?ul%%monlrrl‘kbﬁfr rﬁgfgc"lcﬁ &logk; pigpgls; a time
BRI NALSit 38 sSvin® Rra0Ghe bshedl iﬁc% ﬂllci]tede@é&do%aﬁms 1ﬁget1me

Vo to output detecting signals; a conparator
SoRpaf thepuiseiiithSimelyl dividing sinaltiés, whichds pyiput fgmgﬁaﬂ)s‘-"l’ 17,
t I f Y.
Shibafls EPUEE ANELlOh ARG Bl ofist SiRAINEE, SVRRleKidnL VR up
1z pudbegividalh r@gg]ryaﬂnfﬁlmawbw)m swelrivh lrﬂgoragutasepa'nuehrbfranahe
E‘lérgg ﬁFquﬂ gener %Qa%Tt hﬁ%gl:egcs%I()V%é(s%ehl-elgc%pu{%rcggngiosggg%g\?d
ubreling ab Ial’}ﬁﬂsy gdhhorititipngigral, gﬂ:&ﬁmé/ﬁqdﬂn o6 @ phiserdrivd drnl supphcd
varies .b ( ul se. duration Tan)
b ey rieting) Siucnu e i oL B ety g g ont
Skdriér Mghnds udt tilRBofORO LR siFRANS hbak AGi8Ci second varying
variations in atime wdth of the pulse width finely
& EReAsny s3ilgﬁléq a\ggive \GHEEh 29 segipgmsta pilsmeenseatipgmenns that
1bphi¥s MBANSsifHal tzgra;?m%rt lﬁgeets% shs&mg Richf3Gt PhSnWALhAd
finely d|V|d|g)% s and clou se width roughly
arnyingi sagmesit g th@rﬂon\mlu ségmaj ¥d @mepm Bethatisespytrdl copyit 18
ryi
%%gtéeséﬁg&s%?f Iv%iz% bgﬁt%t ﬂa@?(ﬂﬁaﬁg’ t8b¥ ggdéxg @Hr ngﬂn%ént eanogljment
puths éacg dme sathi ngovs! gmelof titnk @onum’re:xmmdtl B mﬁroaldpml tha is, the
nal . I L ed e .swtchi i ng
géﬁen ol Gkl TR &F ‘?Sﬁ‘%u e roéhrf'tleerﬁl% %‘3% ﬁg’ ?é‘H‘éPﬁ“ o
gEnesd‘n@thhebnttd’] aignal Vithwith fmaller odridtidgs ml pimdé dﬁta@ﬂﬂlhab}i couple

ns of first and sec Jn se ts 30, 31; |
B the Pl oyt (A A ﬂ’e‘?‘%ﬁ?%él g SIgHA S e iRT Bylsyidth
PRZAE difding sEHRPYhE Sroth @isic¥EplS bOMa lpulV o@putd thaO ke R Red
to the switchi nﬁ el enent 4 when the second varying

segmbRE 13 odpaveiiarze spatans gipgltarugtonenerated in the
time wg Howk! ﬁlctu& tordﬂcﬁ of [oBAG fﬂ,%&ma kme@&t}ﬁ'd} M@LM& width
Vd_th. Particularly to be noted in the present

fnt)y diividing signal Vs the pulse width roughly dividing signal Vm, the control
signal Vd and the pulse drve 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,, . of

the pulse width roughly dividing signal Vm varies due to an abrupt change in the
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20 is the fact that such a novel type of tine control
circuit 18 is provided, that is, the tine control
circuit 18 in the present enbodinent is provided with
a function to generate the control signal Vd X"'Dtecemb 2006
smal l er variations in pulse duration than a coupl of
the pul se outputs (the pul sel4d dth finel y dividi ng

| Vs and th dt h di |
PR velfet Yo O Bt TS r e i QB i p o She e G finely
OB ORER §thal 23 delrelds bPS.Bdl puREuRAVE T, 2N B eﬁ%m?u Plfage Vo

in pul'se duration. Fig. 2 shows, in the orde
tas Hossulowf mvawtenog mge&afwhtem@s plm stetlmedfom mqrf:ﬂéwby clock pulse

dj vi di d hi

scllué%%nng‘l‘h ?‘ﬂ‘e r“t([:)IvOlt gna d}guan %ﬂ% f%lus |'Se %P&ge width
stirphabiviéin gl?ﬁﬂa@ zmaechy pulds wiidkh edwpdly dividngignal ¥ m tdke place
pul se wi dt% i nely di VI din nal Vs and the pul se
vilatkanegugpl whils 59108 AGthsiny |ngtbl naly H’aYt‘leu%\S/‘én?lh\é‘ Bafagiable

f o omy O];&g’

o‘?ﬁg? %gﬁ%m élgﬂv%lu&d E rg{‘ibhlAyda Vi ¥%ﬂc§@gn§&a@hﬂ?’% Oﬂage veeis

Capplitd toathe AIVPULR, thrhlarlgaewldm fihdy dviddeg elzbeerQﬂﬁﬁthe -pilBe width

out pyt valtage while an. on ti

Gpudhl dinng Sl W3 piscslipwet o i, Su TG AL 4tE salie operating

defthpaRes Wy cl ock pul se duration TOl'k when the out put

voltage Vo as a result of nonitoring rises, whereas

the on Nekiis arrdwsnpmﬁm ehthe sopfigurhtinrko @ﬁé@ﬂemﬂt@h%ﬁllt 18, in

when t Iy r

erlfh a Ogar?.l el c1r%111‘§2)lflw %’f?ﬁ{og%llnaqd aé %E%ggogl?ggl COTRS ected in

gachilen@o b K& 1 W wiitth armughé )poninvy @h a@mb@ﬂ aiet%mt ﬁlfﬂst output
pl ace . si nul taneously, ‘Q‘%F pul.se width

ftf:mlpg) of WhedDeg &7 gaﬁa‘th% t'i’% PH’éFl fefmﬁlyt ﬂwviavs gtgnghd’s is
'genéﬂaﬁed%dt i enplP Rmid Ut chOruilvl ycn"cﬁft R e 0P SLrfs | Afuit of

voltage Vcc 1s” applied to the DSP 1 t he pul se Wi
famnélley r@nsmrankj! sndynaliodésDarfdr pteeelpui&se reviedtehflow osghimected

ChelemrieooShe Bumy Bote® Bt bR0ESk o of W R, 95 Bany

dﬁﬁaﬂgpilbm Wn fs \Aﬁerﬁfméd ght A Qﬁbu@fterhhﬁltdf”ﬁe(?&{uer 8kcuit 20.
circuit 18, ich a parallel circuit of a resistor

Feeqthsh @ngl rwsmaai 6f ﬁgammécm corfsaied vath Pne endaoh R bl andoR 12
;tﬁsftl e Thndlctdd 91 GNE Lﬁ:‘ﬁ &%ﬂ{ak%}’ ngdﬁgé"&%}- I?% ﬁﬁ{; ﬁ@ﬁl@ other

rst out put er m
peﬂnﬂﬂalvwfddhb capauitoy Cdlsvwa]hmtgec‘s wgthad ghfsind dink5 Agm‘lﬂlgatlaxii of a

and |n term of the drive circguit 20,
§@P'if aﬁ) 3{51. genggate amd%lélp“'rf@g{l@?lo? %%@V%Fﬂ&ﬂﬁt 3“3 toa

D%ltﬁgﬁad%ﬁ\{ﬁé‘fehﬁﬂxal% d’f@(&!’a%ﬁcl{dr@’v i s connected bet ween

a second output termnal of the DSP 17 at which the

pul se Wisdtibs eioudfiifyhe resistor R 11 and the capacitor C corresponds to a first
time-voltage converting circuit for raising a voltage level of the control signal Vd
proporticnally to the on time T, ; 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 circnit for raising the voltage level of the control
signal Vd proportionally to the on time T,, , 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



dividing signal Vin is generated and the input

termnal of the drive circuit 20. Further, one

term nal of a capacitor Cis connected with one ends

of R 11 and R 12 20 that are connected w th thg bhapsber 2006
termnal of the drive circuit 20, while the other

term nal of the capaC|tor RES connect ed wwth a ground

line. A vol ont 1 I
ocharp 1 R Bk e R enHiF M aulsg igen fnety
20diviligdighal V3 v@a m\wésﬁsa@ek ac,rs@SBattaffﬁ'stt\&Eﬁhg‘lﬁﬂgﬂleﬁf 34 Reformed
capaC| tor C. Aserjes circuit of the resistor R 11 _and

t h&herg Jhe contfol Glanal Ve Jp56hadorcirgme7efg Furthyy, in a state 2 after the

ti Hﬁsé’ Qlcft@&ﬁlgﬁf}m{ﬁﬁ;nlg'}@’gnﬁi Ulds 5O, th@lphdith: @ MQhL@Q@by the
| evel of the control gnal Vd proportionally t

5 onont pulgesTofhthe pyfset w’@iﬂpﬁnsle diriding Hignabp di \vhedteﬁrgtor R 11 and
Si S. , c it .
B0 Yo gagbk % G380 Db Gl i By s onshty
S edi@iiith g digreyd Wad viagite esistoe Rtuzngp thlaf muhé cdrmbl figmad iViigfoked is a

vol tage | evel of the cantrol naI ortiopally |

t o%eCPRE BHYINBREBTEH h B8 I‘Pé’f‘baTBE Y\/%F*‘&P?] ‘t{iﬂ&g’ﬁ? e hrst "Xfymg
di 36 RO 3301cS b Hst MO, ASisSROVudNof i rezlstowaamtm and a
1 beginning with the rise of the pulse width fi nely

10 dj W@ﬂlﬁgcgpgﬁm capgcitioC |ass 8¢ty that i | timéhd'drglapsingf ing the state 2

| dt I r
DU AL 3¢ TRESTA 8, S B
t hihe pultsge leved toh thel coatryl sighal inl rag-hsd gﬂﬁéshm wilve V¥dieh along the

resistor R 11, so that a first va

R VaghaE SoeRE At TR o f SBE HERb JoRSon the
ZEd18ck ﬁﬂf.é Bﬁfanori ‘Ifc,@n}sis@&(ﬁatﬁ)na&rftﬁ rvaﬁah:ﬁ)ns @IUtb%eod’\hﬂE hr,, . of the
roughly dividing signal Vmhas risen, the capacitor C

15 | spulsrarigiuofing)y fhelin denhYsses of the pulse width
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25 \, dpyat thapdhe inppthwlase Vi ipsensrted aross khe smepthing sapagjtes fr The

fi Jb@tlage ¢ ¥ ﬂbﬂgadstb HAbad/f0 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

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

dividing the output voitage Vo through the dividing resistors R 12, 13 and the



Meantinme, the feedback circuit 21 of the present

enbodi nent perforns pul se-wi dth varying control of
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of a detected signal obtained by dividing the output
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Now t hen, ul P
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fornms the first varying segnent 30 rising aslope as
t| me t goe&ogn }'.I(;r? MP' tage |l evel of the control

si ghidl= o - +5~Hin (3)

25 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



approxi mated as represented by the follow ng formula
(2). 15 vd - Vcc - t (2) Rl11 C Accordingly, the
| onger the on tinme To" _, of the pulse width finely
dividing signal Vs becones, the higher the V?htﬁ&%ﬂxmzoo6
| evel Vvdl of the control signal vd 20 becones at the
time of the rising of the oﬁlﬁulses of the pulse width
ro % . Si 1 i [
For ek iy LR ek AL ookt BELEBLER LI g i pgni
C 2&nyféhyicldnihegollowiog fdmulet(dt e 2 in which the on
pul ses of the pulse roughly dividing signal Vin start
to rise, the capacitor Cis charged not only via the
resistor R 1% but also via the resistor R 12, whereby
t hddcagptaygicot "ehe cofrol signal vd , whichis
a vol tage ‘across’ the capacitor C nakes the transition
5t0 the second varying segnent 31 that rises nore
sharply asl ope than does the previous first varying 14
Decenmber 506t denddess dpfesinpsing aftar thengansitiopglo the [igkey 2, while
ApPRN PR PPl Ofa LHRpHAL LRGSRV YEle Off RNG1 COH ROI2 that arc
signal Vd yields the following fornula (4). Vvd = Vcc
t pargli¢l-comnectedRThe /RUPYsiE Wsigfeer valye denopressed japghe following
eI%%?k%g5§fter the transition to the state 2, while
RI 2 denotes a conposite resistive value of R 11
and R 12 that- Reee parall el -connected. The conposite
10, o KLY R i s exprkssed as the following fornula
(5. 10 R1 = R11 R12 (5) R 1 + R12 Accordingly,
when the voltage | evel of the second varying segnent

31 of the control signal Vd reaches the threshold
val ue yd{%ﬂf%v e Heltiﬁﬁﬂ%"é?afr% EFCERGYRITIDS SFTIRDH) Of the
t Neorfifoll Vignfli V& Hiathed Ghd thiSfold Y ABe MdNBaind ARRI A pulBd iV signal
formul a of the forgoing

Vg from the drive circuit 20 rises, the linear approximation formulia of the forgoing

15 formula (4) is expressed by the following one (6).

Td
Vd th=Vee —02 ____tyal 6
“ RIIRR) C ©

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

20  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

25  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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15 formula (4) is expressed by the follow ng one (6).

Vd th= Vcc (RI//R12) C+Vdl (6) where Td denotes the

time elapsing in the state 2 beginning with the rise
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vol tage | evel of the control signal Vd 10 reaches the
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element 4. To transformthe formula 6, the tine Td in
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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 Ty (FATon_smin) as a minimal unit, is expressed by

the following formula 8.

(R11// R12)* ATon_ smin
R11

ATd = (8)




(R11//R12) C Vd_th (RI/1R 2)(Ton_s-Ton_m Vcc Rl11
According to the formula 7, if the threshold val ue
Vd_th of the control 20 signal Vd at which the on
pul ses of the pul se drive signal Vg rise, the
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mfdth roughly dividing signal Vm the reS|st|&z[g“mleT2mm
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Further, since Vdl, Vd vary proportionally to the Vi
valtieshodd siluewarymetheans o thaldaise Bircult 20. Haich pe ezanplg is descnbed
later.

In order to carry out a sequence of the aforementioned behaviors, design
25 conditions shown below are needed. First, with regard to functions of the DSP 17,
the on time Ton_s of the pulse 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 & 0). Otherwise, as is clear from the
formula 3, the voltage level Vdl of the control signal corresponding to the time in

30 the state 1 is not generated.

With reference to the formula 8, the resistive values of the resistors R11,



vol tage Vcc of the DSP 17 may be regul ated by a

wel | - known operating voltage 20 varyi ng nmeans such as
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dividing signal Vs and pul se width roughly dividing
si%nal Vmthat are generated in the DSP 17, failing

o7k 1B ST g pgl @i m Fyst her, the threshol d
val ue VRIthCof the control signal Vd at which the on
pul se of the pulse drive signal Vg rises should exceed
the voltage |l evel Vvdl of the 10 control signal Vd at
the tinegd bRIePR AbdtTRe Mové BehdidnS Breedditive Va8 Yhe resistor R11
dividing signal Vin rises. Hence, the follow ng .
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ho 0 j f i i gl
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15

20
the drive circuit 20 turns on the switching element 4. If the control signal Vd 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

25 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.

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



or the capacitance of the capacitor C that make up the
first tinme-voltage converting circuit are set
appropriately, so that the first varying segnment 30
may be regulated so as to have a preferable gradient.
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17, only addition of the time control circuit 18 realizes such a pulse control that

U\

pulse duration varies in increments of a time length shorter than the clock pulse
duration T,p.

In the present embodiment, the pulse width dividing signal output from the

30 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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di viding signal Vs and the pul se width roughly
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di vi di iganal ..Vm and,.f. | t t;

ol 5% B oy Pl "l SRGBALEE i il sty
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t he lse width finely dividing.signal Vs.

ol By e Vel et of R St Ygitgrinap thealock pulse
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coBE o4 148 80 SEU BueLcal Sy Rl s v
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shorter than the clock pulse duration T.1k by the )
c i width Thef ghel gels¢idgivp signal Vg can be prevented from lengthening
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



dividing signals Vm Vs generated fromthe DSP 17. 15

In the present enbodinent, the circuitry of the DSP 17

is made up so as to output the pulse width finely

di vi di ng signal Vs ahead of the pulse width r hl
dividing signal Vm while thg time control ci ?%]%F%e%f§r2006
regulates the time width Tx" - the pul se drive signal
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25 Furth
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ermore, in the present embodiment, the first time-voltage converting

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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threshol d value Vd_th enough to generate the pul se

drive signal Vg. The voltage |evel Vvdl of the control
signal vd at the tinme when the pul se width roughly
dividing signal Vin rises can vary in response€Dt&mber 2006
variations in the on time Tgons of the pulse 15 width
finely dividing signal Vs. "Ménce, timng of the rise

Of orhhiBn Gt BV SEasOf cHalR RH! B har@h ielnent BiRdhe Wekt SR s6BRY time
in increments of a shorter tinme ATd than the cl ock
ptiodiege denrvattingncifediitk, sBduit démplifidatior afhibe tdingitey edn be again
m@c%ncv%he pul se drive signal Vg is turned on in this
instance is inevitably later than the rising of the on
pul se ofMédeeveplih e predbhhembsdi@bhty theteik @ravideditihddive\dizcuit 20
the on pulse width of the pul se drive signal Vg can be
2BTERE @8t the dulse (eeePERS ReBYS AYasrneryting HEe Mylss driyegtignal Ve,
r v Glividi ' Viah. r [ r .
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prudsse gencsatingd pigma t supetpesdd; patthe j ypbtago|leved evheanther pylsey width
cl Lty ri h |.stor. [ it or
clobily R DV ot SR s o 10t b BuBEPRE hiting whe
canniro] € gsal Mibintvcthe inpat sdloge R theattive tcireuic AP ahe pulte @idth of the
which is .conmmon to the first and se¢ond tinme-voltage .
cRIHRFedrtversigna) Ve iy tegulate §3 incagmanty of alimp langHyshoper thad the unit
rgakstive values of the resistors RI, R12, 30

enables the tine LTd serving as the tinme resol ution of

t he on ghbsdhopulshwidtypsde odrtimewidtyda|of theypulse dréve signal Vg

eas, set .varj.able. Furthe t he _capacitqr be.
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time -voltage converting circuits, so that
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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 voltage Vo under
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10 pul se generating signal superposed on the voltage

| evel when the pulse width roughly dividing signal

Vin, for exanple, rises to initiate its output. By
turning the control signal Vd into the inputiqodct@ags 2006
to the drive circuit 20, the,pulse wdth of the pulse
drive signal Vg is regulated in increnents of a tine

| momjtoning hthedeas prolalad tHedDSM1 T sertingres tht Sariihle sigbdl @eutput seans

i dth as.the on. ti dth Tx of the e drive . .
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after the output start thereof becomes, so that start
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gets eay] |;€ He el) W)

drive sygﬁ c‘%’ @gﬁml%g& 8‘2\ Jligeg gfﬁ‘tj‘pégiﬁ“%rg’é%ﬁ the DSP 17
warigd ingploast differacarftont i mseowidtih eoughlysdivistinlt kigddl rvah yevery

25.di viding. signal Vs. Cqonsequently, the pul se w dt
SR e Sute e SFapialY. BoTn i Yesegnie o Hi P igrence.
Qhn Badyi tAEphISNIdth SIYRE Lidle WiBAMDI LWL drivel siBhaPY g RPIbrements
the couple of the pulse width dividing signals Vin,

8 agitee tengtht shpeertibin thg amitdime Hepes dhe fogolptien ofjihepalse width
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gaher ddratiorf OF., ghmeiatthngirideesolitoa df ithe milsgnaenevgor itself.

servi ng,as .t he contr,ol | se that, varies in, puls
Jacspritely. Sutantabng e wbls 1f Shariegdhs Igek DESIHIRHOR T a5 the
LDanemess B0 Q8Ise preriniah®@bl et addifs el PmP eI REFEiNES, it is
DSP 17 serving as the variable signal output means

Popsile g aentrol gpulsh avigthl 18 ancrpmieis phHa dimeyleagthishprgy tharg g unit
. . . A e e | |
YERe'y Mok e e Toule tr e putd il G BRR" LI, s GelRlea in

ttheeDSPU¥.se wi dth finely dividing signal Vs whose phase
difference fromthe pulse wwdth 5 roughly dividing

signal Vmvaries by the unit tine (a clock pul se
Basdient 2, @) in response to the output vol tage Vo,

and further there is provided the tinme control ]

ci rcui tFigg3 ﬁ'éﬂwsd%sﬁeé‘f@li‘;) prabadimpnttof despyler gamerapageording to the

(ii)iréstu?tr £10&8iohO Tﬂl: lcgmiéﬁﬁioﬁuisstﬁc \%Iqé le %BI 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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the pulse drive signal Vg to be varied in increnments

of a tinme length shorter than the wunit tinme. 10 In

this case, the pulse width finely dividing signal Vs
fromthe DSP 17 varies in phase difference fromthe
pul se wi dth roughly dividing signal Vm every l4inegember 2006
tine. The tine control circygit 18, however, in

response to the phase difference, can vary the pulse
withirévesss polagity andeis wiadt flor dfschange ofid capadiior Celssogrested\igtween

in i,ncrenents, ,of j | engt,h shorter, than .t he.uni )
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tine byrhEaarssefs é/r@@id@@lﬂ&l e Purfode oP Yhe&thite Hnhon pulse of the
di viding signals Vm Vs generated in the BSP 17.

Eddsowidie finely Mividing ssgnahs/satos genemde anbdiane tvebbiasheoltage.
| s ner r_according. t he resent .
RUCEEoPE LR Her S RATBEPRRAR. bof BV RBASRor foy coppering o
pule-doded tpubrbedisiginkly SivaiMe isignkl ¥s florexEe @S 1DHRold bias

of a feedback circuit 21 corresponding to a pulse
Weines A comyerterdphneenyerting g digitized pulsergdthrhgely fiyiding signal
o] e Bt 18 Nai S : ' ' :
O BRCIhe P Sl ik Bl S8 wiBiTP HbgR Volthdh ppncraring
ragans vyeh zech @B-amipRFr)thd like $orconplging dhdpilswewildtp figely dividing

t erm f ot P 17 wh t.h | i dt h 30 fi nel
ST PR BEPIT toogTE ity w0 3 Phad ypisate, WG, dese
delvic8s el 068d Chdriodé Forafd; ofdhe pals@did@h fielyCatvidiny si?na] Vs output

resistor R13 and di ode D3, which is connected to the

framithet RSP 13 cambarasdbspedingta desiad hias okasgger se

pol arit I S medlh,§char c cl '

e oty RpllaRiine Hered a8 B8 e’y “BRAGRUA G 4 fir

tisheretage puheeting cikduitr fou glising diveltaierigved iof kirel codfirol dignal Vd in
enerated and the iqput ter&i nal of the. drive circujt,

ISPonie e Repeveisinn olnge ¥snakiingd by spogihinsdheipype yikh finely

ARl §naf Vs Gelihg ah M dthd ok QNIT LHeLliFGit df tHSresistor R13 and
functions to genérate a 5 control signal Vd by adding

thup capacitervE rosiresponds tageeddnd tirfe-vditagp isbeertingl tincyii foe|rgising

8 Ve 9PBl o5 8ey SONSEAOR b ALE AETS] it B
pulse width roughly dividing signal Vm. In this case, as shown in Fig. 4, a filter
constant of the LPF 40, a resistive value of the resistor R13 and a capacitance of the
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, according to variations in

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

signal Vs.
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signal Vm by using an adder 41. The LPF 40 is provided
for the purpose of snpbothing an on pul se of the pulse
width finely dividing signal Vs to generate a constant
| evel bias voltage. 10 Instead of the LPF e
be provided, e. g., a PCM nodul ator for conve??bﬁ%ﬂn@“m%
pul se- coded pulse wi dt h fi-@8l-y dividing signal Vs from
the DS )16713 AR pkﬂo%sof ¥ atvﬂg.eo ﬁleqﬁfi%%qygﬁ ta%l;crrb%[l above.
converting atdigrth zed pul'se W dth finery drviding
sivaenla plse Briomsighel BoR the #Rte cirbigt RDaS supplicige), a G3witthing
w del y known vol tage generating neans such as an
dﬂ%ﬁ% 4orthe ywitphipg eﬂmerﬁrfbpﬂffwgsw%lrtﬁjp%awnd% generate an
7.
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ldei®Bted Qihal ObtaRied B dihElﬁllgl the Blitplih GolE428 I Vel B mean% diNfle voltage
t he capacitor C corresponds to a second tine-voltage

éﬁﬂ@l@gtﬁ:ﬁquwu Rigu Rl 3fao¢ arrpfiesqngg voltage of @l refegrnce élf-‘é!ﬂCdP“fce 15

oI iLan r
ST ko830 i BT PILA SR 008D FBiing e
krgnhhb&pﬁnaslﬁh Da$' s7hﬁwn deflerateg .a gmuﬁ ofloht;ﬁnse25>fanm$tﬂaatw1dth
of the LPF 40, a resistive value of the resistor

analsadiviag isteaRk ¥s Jrom ae QR dPrbipalcthareet.sBhe ’E?“Ph%ft the on
%ufskﬂﬁf & pud CF Jé @mﬁ{ ﬁh@lygﬂﬁl Vﬂx \é\%lﬁf‘vtshﬁs Qq:loﬁﬁarWéth [lﬁvn\ﬁgﬁn_s (a

roug viding sign ts torise til
dhey miot)agﬂn |tisey @locf plkee durmnbnoTclksdegﬁrml:l Addla mmatih:esami of a

threshol d value Vvd th throu varyi ng segnent

@%ﬁ@gnm ! R tntnr whidy i BraBe B Sshoasto i ahe gl output
£ ARl Wb, OIrheT&Up@E@%F G Gulk® WNathi RLEMYHividing
go t he conversion vol tage Vsc obtal ned by snoot hi ng

mealp ¥ing emw dt horfsmuoy dlinw Bfrrngx i% iggwrapted/sfrom ghe other output
li)ecerggeg 8{1 17 a?terN% nse of gle gcr i/l‘e)&ll 0 O ses opﬂgul’se width

confl ration descri

(ﬂihbhyahslugﬁadlgxfanw the drive circuit 20 is suppl ied to
a swtching elenment 4, the switching el enent 4
per f or ethe firecianig! paital® #ha sase d@f azapeTAshovyintig. 4. when

m)%rt@&? ﬁgalggégxa Ilf%{b@%@ﬂulkg Rl%th\fﬁllef}/acgsld}ﬂg &gﬁaﬁ)% ik I@@nerated,
the group of the on pulses of the pulse width 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



5 The output voltage Vo is supplied to a |oad 10
connected across termnals 8 9. On the other hand,

the feedback circuit 21, as above-described, nonitors
variations in the output voltage Vo to performa

vari abl e control of an on pulse width of the lgUPsember 2006
drive signal Vg fromthe driwvg.circuit 20 so as to
stabilize the output voltage Vo. Mre specifically, a
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roughl y dividing signal Vmrises, the capacitor Cis

ch¥fgbamd thautis achpulpeest he pulsrrFgdthspughiztdividinbetanpb¥m falls
[ areprdt by B o098 A EREIRRLYE tad Sy M ime o

t hibs ohitine, of ahevobitchong cleanveat 4.0f t he control signal Vd
25 obtai nedl"hie r;;rcgu%eota 8',9 %{‘1 pél"l}ses 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
30 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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results in the sum (superposed val ue) of the

conversion vol tage Vsc and conversion voltage Vnt.
Consequently, the voltage |evel of the control signal

Vd is biased by a 5 voltage | evel Vd2 of the first

varyi ng segnent 30, which causes the transiti o IPesethe 2006
second segment 31 that ri sed’asl ope. After the voltage
ltﬁ}‘/lgllé% o‘I H“"aﬂ“ i o ’H’“ @ald“” "‘ggs? raf H‘hfe‘g"sf [iagiatie Sl
C Hegqgatty of thel gudde vhbﬁ fﬁﬂl}tdlenldn@ls@ﬁl Vyd is kept at a

hi gher voltage |evel than the threshol val ye vd, t

unti| tHe? GFFUN alethefimefante) oirgrid d3 @ attq‘rnrleﬁ”gw %’ﬁy egulating

d'tHé gk:@t@vﬂMf th/emepigtgi‘ 'i@ atrﬁmﬁlﬁiilltlmd/'\%ﬁ'hg W8tk Yor tl'\’(\.‘BrJ fuise of

voltage |l evel of the control signal Vd reaches
t hlee puscedringl signab Vg san/be seh abancarbitiary thoeter vk thegflock pulse
¢ A8y iR R 6, B bR, 8O giubg T nose
pu+e§t3er&5zlme§ ldwaarhnn\lgusly\ﬁwlmhmle&w&kepmﬁb ﬂhﬂaﬁ@n 1TQy tde€ined as a
swtching elenent 4, so that the swtchi n% el enent 4

s taipinal fmeupitThbgrefars. gyen ifyaavitehing HpAusRrse the syikehing element
puyl ﬁ;@re‘ﬂéeqt h p?&ughééfeedbf/ hQiPQy Sh g_ﬁ‘@lou W véidlek Svo HO& not drop.
switching el'enent 4 is turned off. Afterward, a zone

TM@ the wmm@ljtlms Varyutg \Mﬁth i Vhptthethuisebs éxe\mumz [drive signal

rﬁg’gld d \é% ¢ ge ?]g &esm V{: %altug rgpgndlrgsfésfto C!I may Qc Jecreased.
d| schar g;ememapy dh«y fdlloonng BesidaSRqdirenvdn@is ddeded fdarikhg out a
the vol t agie | evel of the control signal Vd becones,

e SgAuen ohghaviop despepedabove. §ina RAMDTARATd ia canfigpgatipn of the
(DFONE id)onSEALARY s b tlﬁt Nite WliHSineR &ibI%n @JgthVs and its
during which the voltage |evel of the control signal
Vdreqmteesnayﬁ-'@ midecgtighlel inyzyueise withirhthe paine pene arltee ke, e.g.,
£ éﬁ ZOne EF O i ¥ és lgcuc:ﬁ%e odv%e%grr ﬁlgp’ yvoﬂﬁyc 1%“ %ﬁ?heq{c])flveésmn voltage
dnvise Snﬁ;b@ﬁ&%yVQe ARH 4atshbllg vzateeerinkivd lbwﬂcr thhe tienthtdshEd value
of _the swtchi nglI el ement 4, 25 The group of the on
plidsssps iheatisth ¥a Hidf %9 Adepvias, \Pﬂ ditageqfghastalgs 1) e on
: %ﬁEE 3t ad _Hﬁlselvﬁ%rroﬁgr %ﬁ&i@f&yg difhal Ren 2286t PedprbNaed flom rising.

e ZOI‘[G_ . Accord since the conversion
v@]uttbgelt\}’s dessrnbbtﬂna;dhdoyulsmwdlﬂpﬁnel@ dipadiog Isipnal ¥s i gqnmaled s0

% th Ald r ir or..t ol t .
mﬂ éeeé P’%olvar n&nég%{s% rga{:: Siaﬁp%?ﬁ ﬁg?d val fglmal
Veigiel:rvalrﬁﬁgtwh@msaammrtﬁﬂ 6y pilse bihe \palst dgiee bigual vV @ls dedfi@mined
first 30 varying segnent 30 becones, e.g., Vd3 | ower
t_l"}HW“‘?}éI‘Z. In other words, the miniml tinme-varying
wi dth Add aVﬁbhﬁﬁd'éith%D&n&% ﬁresehh%m\sealhﬁgﬁ the¥ek @bvided a

the time when the 14 Decenber 20
circuitry in which the conversion voltages Vsc Vmc w1th 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, Vimc 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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on pul se of the pulse wdth roughly dividing signal Vm
rises and eventually to a frequency of the pul se

width finely dividing signal Vs. In a circuitry of the
time control circuit 18 as shown in Fig. 3, 1BYecember 2006
regul ating the resistive \éal ue of the resistor 13, a
m ni mal tinme-varying w dfKe6f the on pul se of 5 the
puivswardrsilupe spgeal 37Vef mamobmlsmnaht\fdalmdaﬂ)ért roauhy threshold

0 ue t han the o¢ on, T..a.
3846 e he st AP 2 et T B Slosneige ot e
sbmi:ﬂansoMg@ SRe thdt @GHANEY théadloSpulieS it itidnMTQUSInes Wb tife
the clock pulse duration_In defined as a mniml tine
GAHRE theh dheeFoversiony niags Vancsfsas c ienkjeher gt PRy valpe rhdhe

sttt Bighd V&l &M me @hdnnké ?ﬂ%vc%g‘ﬁm@ﬁghs& SeE s Ofrowcvcr
accuracy in the output voltage Vo does not drop.

Wieerghen éhenpeak rralue of He-opairgfissmalw di the Angenthe time remmred for
[‘Hél wita fle&c{] 15¢ Rllélcﬁr?tr(g zﬁ Vsd t%rfﬁ? to tl\'ﬁfe tﬂrg‘shgﬁsv'a.[u%d/dt 91 pc?that

reduce e reS|st|v value 0 resi stor
e aeomedsodthe pubeiddentighdl Vg widend Bebidesi hge,cthmugln the time

??nqr%brcergtﬁp 58 tgee ngnelgn% arfngrboc%rgr lclg'g P H\e B e 15 g%ee pulse

avi or’ I'rs Pty eg Ar
dond mguan AMgiqaf bokettahen a:Bﬁlawls“northhealmhﬁn ﬂiE c'laala _gﬁls@ﬁurhﬁlﬁl

thflnel nal Vsa it 15
?F“E ﬁe‘ﬁ% %‘&‘gnwf’fﬂﬁ’gf?ha e%% %fb & rRfietyP 'Eé"s‘wnt"ﬁidn“"l’e
kdpeneRBNT QR cOkirdl Neznhi KA, otfaifled bY h;adlﬁgrtﬁe 'wamlvirdl stoping
necessary however, that the voltage |evel of the

SCEMFBISID 03P UThe erpaersiga sisadp¥shddby t he LPF 40 shoul d
be detigrid fednd QURIdihdtRBs BAEriddr HsRO kY ﬂel{ﬁovﬁ@l_ﬁlé‘ driék

as to satisfy Vd th-Vsc>0. O herw se, at a stage of
eipuitsd0zporying asttheepulse seperhies means fies asmrs@smhdpﬂser dringisignal

0054 00 SRR B AR SELAPIR T 40

NldyuhdM@n slnegplatc ‘)vklth sugldn e:h\aﬂmgi signal ¥s, @ kiseptot indiate its

t. 30 at t
$fibt B EOTERG Cult s FefaRe) B pu® A0 B8 iCoquprgl
$§igh £ & )l forveisiig giedoli¥ge lescl diepeaidiigrimdhe pﬂs:ﬂwﬂl&yﬁmﬁs dididing
t enbodi nent, there is

nodi fi ed ex |l e of the, prese
pERli tedt & di @@ele.are‘%ﬁtwywﬁ FErfghe (it dhe Bloss geeping signal
M@bﬁp@%sonvﬁfé vortaEe Wt BYAHAGR tis SEHMN sigﬂaJFV@ 1nto 5he.a[n%ut
ut to the adder 41. In this circuitry, a qﬁh
t heads

@d © 39 theripy i ef.vbe uliaaridthvgft the méfeagietp mwl
;elﬁ@laiéﬁluii ﬁﬁf‘erﬂeﬁ&‘ﬂf 2 tﬁ’t(e lErrﬁh CHUMME irh A o thAD 8% J\{ﬁ'ﬁ\e cotb1

réach each peak values at their rising
¢ircaftd fis equlmﬂ IwﬂatthfaL@r HUiceving shet Wenaliade bgnetaheg megnydor

%g)@{a% 8& tlﬁel Jo‘ftgé lfev?% peglﬂlngi oh th@ ﬁl@fp %5a ?‘%el&%l&lgggﬁnalr@s

e rising onver I on vo
atahd thige vdhen/e]lc palse winkh caghlyclividing n@hal\an exgmﬁa’i&e toh(put

thresh[g1 va{e Vd th an%l hen ul se drive si

ri ses deeh l?i-e %19 Jexying as, 145 VO tage g%neratmg means, spegp cally,
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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14 Decenber 2006 -28 downward sl ope segnent 37 of the
control signal Vvd has fallen to the threshold val ue
Vd_th, the pulse drive signal Vg begins to fall. The
closer the timng that the conversion voltagg SGnber 2006
that varies by the clock pulse duration T,ik comes to
the timng that the convérdion vol t age Vm: ri ses, the

hiog e peridacoyP@a niy @Jnﬂﬁn(iéspbﬁb% t® aﬁ@mpapbolﬁﬂga Valun¥& ddnitoring,
the time when the pul se drive si ri ses becones.

n
Hobterrdse widthpf the pytlasrdrivg sigpalate ?F&%Sé‘cb‘fa“tlh eeelskdr o
si gnal I r
vort agel Tk e RAEE: dnloaindiFad S0TE Biel S tple i provided the
t [drizs hioduit 2hdemang/es thi pulso gereedting mhaensofwr tgeorsatihg thd pulfpedrive
pul s ive gna Vi e re...throu
PRisRE e “EuiBh I8 ing, Fonfhof Hilee FESH AR inBFY Foindsll B0 e
V\/Iprdhteﬁ'ﬁm&ch ehr&holdi vitie d_ef. Wia tﬁMthlSe \laﬂitldfdu‘gﬁlyslh\gdhak signal

can be set at an arbitr arly shorter val ue than the

cI g Regtit tocbeRitaitti B e qenBpl slecyili 14 generatse Sisr gl engl Vd

degw g Qfihd Akky al §Gn ANU B K ltatk IRR] dHREMRE bn th
37 o?l%tahe c%ﬁste?%l s?@ésjl Vd obt ai ned b)t/a%]g\ddl ngecpt% he E'on the

d ewkaatidth Singlyi digiding stgrehy s fadisat agiffesentifredetesiingd gragient from
S'd%n?éa%e d'ﬁlg e)ycgbdxhﬁ tﬁéﬁmr&'hgﬁe%ue gg e kﬁtth@%omﬁ% signal Vd

desc ove ere are provid rirve
msumpdsemﬂ@nshﬁ volmgedsveﬂ hBy kg herenaoli signardainstd dre input

t
OSAEHR1 on e Bt 0 145 pe 3 ol Ko b skesiEnat Ve s
t ol id incdmiéhts Amh_thhe le\“g}ﬁ@hér&@ ol tBeeudid @hé) 1 oughl y
di vi di ng_si gnal Vm ises toinitiate it

out put, e e Rylse € oo whighy s 4 on §rgcHiginT 8ot fipepulse drive
Pylzag @€ %e&é‘édn'ﬁgadsﬁ)gﬁ‘cﬁh u(et heubPabifdlvd éé&ﬂﬁéd f{&)l thé bsp 17

rai'sing the voltage | evel depending onthe pulse wd
f bereing adia/vaiably denaiogiral megnmviagheitinfeeemtrol circuit 18 and the

p[h?gs f)ﬁrv%ueegd % % 18% ‘}ehc gégu#‘tﬁeelo Ee? %heekﬁrrlgg ?er%lired from

super eve
t hns:utpﬁntmtﬁ)dtmﬁlcgnaé pM@Ie hvlittth) finhb diwidiitg slgmll t\fage thcosdbbﬁquent

drive circuit_20, the | se th.of th ul V

S Pk mgrgp of e ulsd Bt el ting et Vb P bEhin it peok
s hgtut, 8f theBRrd NNV at ki¥Rimel b the Lhipht MRELR lof tlfélpfu‘l‘s@l\ildth
18 is equipped wth the LPF 40 serving as a bhia

vﬁcr“tghlgéh@éwer%&qahgwg Ht p GmezsayeAdPhathe fgnirdl él&“éi Yégefall
| |
RY Bl tﬁ%ﬁmﬂ bﬁlgﬁg‘ﬁrfhhngetw g& WM %E& §ore! v, 4 gsryfng dﬁ?ng of the

signal Vs at t _ the pul se wi

diviipd mgla@pg wﬁlthé\/msebefgdthé"mpb deidmgt pgral VsTHosh tmreg of the
LP onelky as.the.bi e erat,n

S gm °Ca I Y, &é%?ndrévlfpsﬁ ‘ﬂa%ﬁe vo?% M%%Feéétélttha e qu(?e mdth of
C dferpabip dricle Kignil ¢/ gcandg rdelikta)elgdmgelawdngcmdmglb ethppnhiseewxdth of

width fipely dividing s | Vs to the, control sign

VHI p%l cg-w Iy%gn@hg g éryg {x]laincrements of a time li]engf?l shortgr than the
unit time by bath 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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30 generating signal. Hence, even if the DSP 17

outputs the pulse wwdth finely dividing signal Vs
conprising the group of the on pul ses each of which is
different in on tine 14 Decenber 2006 -29 orl4ilbecember 2006
period by the unit time in-r3sponse to an output

vol tage Vo under nonitorjng, = the pulse width of the

pul se dr Figg §i gnsdowvige cthrd kf'é“bd’é}‘ﬁ‘e@étoélt?c PEGEtaP¥Eption. In a

FLUOBHEJrandrP of Qesvﬂfcﬁfng NYeg BB TBNLe S si sgﬂﬂv\ﬁl thud JbtnedOby a
there is provided the drive circuit 20 serving as the

pulogwagénielibasispplivd anes OfﬂdrtOgeeHéPdt7| by alsheo ol @éraéng veltage

c t
PR e S Syl B 8 R R
VaupjiiedWhetre DER 1D seponsdton yduge leyelchf\m churpyt seltugalVo under

garrarne DS AY PBiFvts & e Vol Vo e abnpl e

ganeﬂla:bugrgy Qividiad sifroi vefalﬁlpagetuh@th\fmbtyaﬂﬂding\@haj Vs) to a time
dependi ng on_the ulse wdth finely dividing. signal
voptpl) citgpit 48 gppifazly a3 ds foned cath et ihe cybotimentt descBhgdigpove

t fI@er@ﬁﬁ&ﬁlsVéﬁﬂb@nﬁeﬁﬁeaﬁ%ﬁﬁném § bf ﬁféquisg width ﬁﬁely%hhﬁng signal
with the control sup ergose on the voltage

| Npe howsset. RSNt lngcpemlwlb of Siegrepgeverel pt @ie PREUS ypgee Vo
i ﬁigt %g%din% d‘.&?\@/pequ%n ﬁkg{/%éﬁacﬁ]% a?? 5[)3.[](?‘ %R’X' gieﬂ'elg in the on

I se ated in I Rerenent s
oftinge Tanne ¢fehtgp¢iseshnim r@ngltlh dmdltng sigmal Vi pvein cHéherstime flen s
pul.se s.the on
p f zhe rlslcvwefdm_l_\l\gneg¥ 8 qmgvslgna.l Vt&e vaLy i res&an%extog%fi hoqf age, level of
C ahd aweputSiolyngel Vovilegens mﬂtagel ldvelosh atdo&mDSE?lténge VG ginetangd in the
as a vari abl e_si gnal ut neans v the tine caontro
c e ferro Bz Teihacec i BRI (Roega RO PEns Vhane the
drjuk@ widftC Bhdly 2vidihD Sidnan g8 raldoNBsds| ARE SAH § QEryidgOBperating
an output initiation of the pulse width finely

divplteaeny csidghend s an gPPHIBIhER AR Mese Goffprations, the present
| Rinfpb @il eBPh Rl cohfifurithSE chh bR iR U Wik Sippatlhdg Si gnal

Vm the higher the peak 20 val ue of the control signal
Vvd at tM@atmmfe ipfthis lpmbedimgot as iimd gods . dife vdlagpldvebof the

é:g%r.j;'c}le e' \él(s)lgfg 91 %ag:pﬁl'x ly%efogael%gﬁ}? vgltta%le t Cé:. It is no
t I'phﬁzﬁd‘lm,l }mmbmﬁar‘t&ﬁ: xtdi]tawlcsdlotﬁ Itlg:ecrontrblrmg)tahhfrl aschotgn ib¥ig. S,
varyin imn out initiation

e e P o e Pfieangu i pFap i i e PR dviau
0eoeihdd dioTdingf mgdaevmtunaeheelwfﬁeﬁfasl QPpt aMiiné godIEE
vari able, so that the pulse width of 25 the pul se
drive sN@’Ha{? a\‘?@“&‘ﬁﬂ‘"’o%&f@ﬂ‘&’a?%@? C?‘?&fwaélf’%&csmbcd above with

AQQ@feQ&@QJ YavdtBien BidkHehs Vi fHabh Qf:ctlohhﬁ %Jl 'ﬁeI'h‘érdp‘é@ltmg voltage
signal Vg can vary I'n increnments of

s iegulasing t rneans S eregulafy virably By nstating WQltaxmBFce Slwfpht:h@ the
plﬂSﬁ’elﬂnd[IeEboqgé/ {odﬂhg goﬁfﬂgg rié\Je% oyme {M%pug %Ql?d’g@t\/%d When the output

voltage Vo drops, for example, the operating voltage from the operating voltage
regulating means 5! 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



fromthe DSP 17 and the threshold value Vd th set in

the drive circuit 20. 30 Third enbodi nent 14 Decenber
2006 -30 Figs. 6, 7 showthe third enbodi nent of the
present invention. In a configuration of a s

regul ator in Fig. 6, a si gng% out put obt ai nedwﬁi?e‘éemq’%rm%
conparator 16 is supplied not only to a DSP 17 but

al sgy g&cﬁa&dq{?@ﬁ'éaﬁlh@ Bont E@&@c 18" @%ﬂtwy{h@ SBBA&R 30 hnd a second
whi ch”regul ates a vol tage | evel an operating

volvesrties seemest Slplpe ivag with thqem%bomatmﬂ voltagsohiecedafimed as an

R T T L S

d| \reqjxmag f@n e abkagedeyzllof ehe omnuitblmmhghltg/ rehcly ithzbi thqshold value

5 L Ahe, B Betbh B0 g B Shohs PUET e i YR lindibases

eagh uef a fRabRRROCIINENS S rdasorak bﬂdlsaﬂﬁ\tﬁtput Fetage VoL thi s
enbodi nent, an on tine_Tons of the Bul se. wwdth fin

el
di vi di ng I§| tbcﬁ BIesepy exygodlﬁwgmeatbovqr%en onedt innthe feedback ClI)élIlt 21
I NdERERARN hMsPfentREorViol taRRh VIRl p@fe &R GiHaPWly whose pulse

vol tatge Vo. By providing the operating voltage
r e it vanigs Wefa?@n?ﬁlm Amhiee\pBt pHgeltpge ¥, sherp agerpsogded the drive

t

oy St by a8 A et B gl Bl 59 g
fi neg yheh \andnmg mltgglalemtsdwargxedemnmespahwotkb vilne Vd_th, the
vorp8gins Sfee Sravit 08 pornf sl e s rEP AT Ry fiss e o
15 réspﬂi&e&@ﬂh&’ ehtpﬁﬂ mugé ahg thasied dﬂ)ﬁtrblhﬁrcmul ]SSefoNgehﬁdﬂatmg the

rou dl Vi m and t he | se dth fi

i PR B PR 2 P T e B e Teve
150p§Fo§5 Wikl the/ SplekAGE v\b’ﬁ&ged@éd RGeS B upHRP Ginit th Mdulate the pulse

Except these confl gurations, the present. enbodi nent

hag 1B it iupeey SRve Hewd by Wrtipe ﬁWeCOPFﬁ]sﬁlgf@ﬂr’b’éldiﬂF?e‘ﬁF Jnput
Megptdae, in this enbodinment, as tinme goes on, the
voltage | evel of the 20 control signal Vd rises

asl ope t onrtecinsteigeathey cotel siporlalVid owppliddt fge e dimd tontrol

b . | f
8%y LRSRE T UBYS i 10U 4958 b4l
20up p@afraﬁngm}dltagt Vich deﬁMEastthéerp:es lirdits iSn-g:e ithel «bp'e&ttjng vobidige Ve,

th ulse width rou d|v di.n gnal

P BPERYE GRS TesFORE e e Jo o en (it Sqtgrolsnal Vd i
desBtainell bvad oh i \ﬂﬂthQﬁVlHiﬁg ARk Var natth R agesahé babtime
above with 25 reference to waveform di agrans of each

So s slock Rulss gUraton Fowd BpBYISTPHIR GOIIOh Y Vapara Rt dygrtion in

neﬁﬁ?mg%mtr %gyhga% QsneWREiRR} Yoah RS QREEAL D ﬂos\éi‘Blet R8SeNEntly of
Su |
25 ghe; unit time.

o

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
30  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



DSP 17 in response to the voltage | evel of the output

vol tage Vo. Wen the output voltage Vo drops, for

exanpl e, the operating voltage fromthe operati ng
voltage regulating neans 51 rises and then ty ber2006
vol tage |l evel s of the pul seswi.dth roughly 30 IVI

signal Vm and pulse width finely dividing signal Vs

al dove ckeniaR0 dm respate@sto & hvoktegsf IE(Vsleef eheutquevaltagegVo under

volta e Vc in Fi I

o R B DB Sl 2eouple o Bl widh WAL TMER, (ppuie
cowido koughllycdnmﬂmg, Signd \fm ras;tumtamythrfgnege@mﬁhg sBalaVig) 1@a time
second. varyin e rrent 31 also vary wth the raised
opCFioH RIS B R et P ioRs e HisErbsfpirE A on time
s AFr&r st be il seWalih g dividthgV 530 V&1 Gtadeve/Mib asonstant
risen, atinme Td required for the voltage |evel of

t hwdersadendly o @ﬁa‘folw feyel ahdis priaut KlEgp oYod Reapipyiding the

Vdd:‘i‘éghg‘thBft %eﬁ%n%/%ﬁ%fﬁr ﬁletvhﬁ‘aggrie\tel BEthd thr&holl tJﬁlue Vd_th
pul se drive signal Vg increases, " so that a feedback
ci inghé dricigpie RAvEss smrcagsmmtortm wataphisvewf feroutnyl Tegee Vo
! el 8 5 S350 Y 0B BUUUSTERIAPORL ibsed o
10 f Olhe gmﬂsersaiﬂtm g:uglﬂg qmldmg sdignial/ éfms |agch alie Mgsa/vhrekb f;nulys@wdmg

ries jn res on, t out
harm B Shgeiehot RES drict a i avetiend 35 iy Pfe yavine
a mkdssadganer Wil i tROE£6RPN hefeOtonfiQuAriads, Mg bReenp@n$diment has
[ E’F Vg when an |nput vol t age exceeds a
%’6“58 %M“Fﬂ”@éﬂ& tHe 3t erRbQRmEN: "t he operating
vol tage medudiabd, NG (HepRTend bubodimeRY WAL 1AGe 18] of the control
operating voltage Vcc in response to the output

15 v otignh ¥d rispiasians 1o fiplyoserhrtbt oRerytingiveltags Ysras time goes on. As
9CBRLALih . 5MFow B 10hosSi@ iy NlpRBIH RY 1Sy oftafie?d of the
generati ng signa Ki ng t e voltage level 15
s| opeoligial VHeo pdr at ipper luwit atarge sate whed hyreringxy thenplse width
up 117 t S e pul se
drllg\ﬁ/éhlg idgwﬁ%flé %55%% %’rdﬁtflér{g gal 10%1# ?ﬁ gﬁeéﬁgva into
the i npuN exvio Iatdavg:aptubmoﬁﬂehes.rmrnﬁtrmrn@eﬁgdrhrtmmmmﬂ above with
SI Vd su ied.fromt i me. cont 8

ity &P RPIoHE isestny ioich Rrispanohiey 3 e eiehyid Yosee
VOﬂcEﬁlﬁ@né @Yk SMrdgilatdd&aridly b Qbmgefl@zellﬂﬂ th@ @ResN6Id value Vd_th
defined as the upper lim perati

nce the
v oltAadfEre\rireuit HBWF@PODSW%MW ?f'e‘@b 8%@16 opput FPgta%wa the
Vohdimg emr(%: WWRBpd, forleRBnMONhE Pditagh mai of\(ﬂe inesh@BLALO&E_th

based on pul se wi dth dividing nals Vm Vs that

vawhwnfwrcuﬁﬂp #@mésce(th%@r?ﬁh@léw&bl@ thyghoamip Aigr ) Thus,
25 t h@vef?lﬂl e s%?%@nt&@ Egﬁ@ Vc]C Rﬁe}{ﬁgﬂéﬂnrg tﬂ%%rﬁ@ ctﬂ“{o?{:ﬂr&'ﬁ l!8n after

I ncrenents of a ti engt rter than t unit tinme
i sthp @eb btidthi mdgpe diding yigodl 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
30 1o raise the output voltage Vo.

In the present embodiment as described above, in the feedback circuit 21
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25 the unit tinme. Fourth Enbodi ment Figs. 8, 9 show

the fourth enbodi nent of the present invention. In a
switching regulator shown in Fig. 8, a signal output

obt ai ned by a conparison of a 30 conparator 16, i

supplied not only to a DSP 17 but also to a th?é;%gf"&berm%
vol tage regul ati ng neans 52 33\ihi ch regul ates a voltage

| eY8Ingk e pINSE SR Aoy Bk UenVebideink BuRe bivDR A0 pul
-32 nlgl ve mbrcu?t iOOIIVn %esepons%gmt uaevovt a’é;gﬂg?g\é/e ‘fﬁpuse
awidthtvpaes mcrb!qmgse tVahadeput voltegd Yartherg areTiveviD8Pthe drive circuit

o] uts a cou ulsevvldt d|V|d|n

b B e e s PIGE ot B ol an e il JafSsignal v
VMHT' aﬁ ir?ﬁt yol@dg\é'eﬂbé’éﬁs 8 'pﬂzﬁ@derr}{ﬁ}:d Eﬁ}cs?lotd 'F@ue 9anh! @k threshold
circuit 18 in the same way as is done in the first

eWmﬁﬁemlammmeWSt $2nkor 3egpdaiingghe thagwdles@ ofj the Hhreshold value
ely. d e S, consta o
| A e%le,};]l dte%t;%l q]p t#mg% \Poy%blt V\2§ e%.nd #.h e 00{1[}5{ circuit 18 for

vptdenging \e cE’Mr(ﬂfs(i)gﬂaﬂ Mﬂgset'\hﬁg at fHeemhal gbn\éﬁitﬁlgggnal for making
regul ati ng nmeans the voltage | evel of the
t H}eeVé’HéFdleV/%llfifé avaP? pr fafl gslope agifimg ot P @i reeWere g pulee width

i B‘f the HRREAGVE nghmwgfp} ﬁ&ﬁﬁ? ltl?evc%lntrgf @ﬁ\}g VAUhRUhe }g@h} ﬁ&lﬁ\ge.

nce, da cont gener at
t h e ti rfB tirioritstaice Cihe cortrol ]i&nbla\jé dumpilefl @rdnh éhepirhs eontrol circuit

(50 A a0 it A R b BRL o BNB o TRE et B6VH of the

Ofhréxhpld| uedVi ViR 8 GNBL dNGe ¥REUIES0, Mo wleh&, VaidiilGesponse to the
threshol d value Vvd th. Except t hese confi gur ations,

t PP odtees Ve pdatimanioringstiensormveg if the coriral wigmeh¥dis obtained

B T, TR B S5 D 0, B

spujseaduriilornr Tagstha$hksp€vmth chnthall tby v argmg pul decluepiondi in@ements

e.Vcc as tinme goes. on. ¢ shown_ in Fi 5, L
h%&/ae\wg? length shortepdhap Hedin tme ﬁdwﬁsrlblsu%%%qenﬁﬁ of this unit time.
vol tag %é?ﬁl\ﬁ%e e ﬂr&%nt R OHRls Sbeafted\d tﬁ@erﬁ@cﬁﬁﬁeﬂﬁ‘ described

upper limt at the same tine as rising of the pulse
vl and olagioby natidifichitings slregmmbhﬁ withind thehssopafof ahe &t lof the

asl o t ion,of . .
RREOF PR eSSl A Pl SRR BipDis R Rirepie 1805 nor
rebeicRaae dach vavef antodithads afd tRtefRCihySE@fhitBNmaf bEi Mailable
9. The threshold volta regul ati ng nmeans 52

r gl Baks, Hiej tiipe Widthe %\;bq pulge drig sizngl Ve ary Hr wstegcgts of a
t V re S

S S g XL o L SPROTRE A

vahivtda@smml ¥so [Esrthérowhﬁscalr[dheepretdme embbdiagats, erecdn pxﬂses of the

pu se w1d%§ Igi%eij Xlwd'l ing mgmlR’s and pulse width roughly dividing signal Vm

are mainly used, off pulses may be applicable. Similarly, with regard to the control

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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in the drive circuit 20 drops (see the threshold val ue
Vd th shown in Fig. 9). Thus, 25 even if the sane
control signal Vd is generated in the tine contro
circuit 18, after the pulse width roughly divjdin
signal Vin has risen, a ting Td required for t%@bmgmbﬂ€MO6
vol tage |l evel of the control" signal Vd to reach the
thessH aplicuBlk U6 aldhd RppiR@idBnaat (He8 puRed, AA6INGgH] gehsration
voltage | evel of the threshold value Vd_th. Hence, the
dar detaenining eomtrohfregnengies gf rortraljsysiems Wach #hct Bbere sompyter, a
t e k circuit 21 operates so as 30 to raise
tsﬁggrgﬁlfgplﬁ(irqg%ﬁ]feage Vo. In the present enbodi nent as
descri bed above, in the feedback circuit 21 14
Decenber 2006 -33 serving as the pul se generator for
generating the pul se drive signal Vg whose pul se

wi dth varies in response to the output voltage Vo,
there are provided the drive circuit 20 serving as

t he pul se generating neans for generating the pulse
drive signal Vg when an input voltage exceeds a
predeterm ned threshold value vd th, the threshold 5
vol tage regul ati ng neans 52 for regulating the voltage
| evel of the threshold value Vd_th in response to the
out put voltage Vo, and the tine control circuit 18 for
generating the control signal Vd serving as the pul se
generating signal for making the voltage |evel rise
asl ope or fall aslope as tine goes on to regulate the
pul se wwdth of the pulse drive signal Vg by naking
the control signal Vd into the input voltage. 10 In
this instance, the control signal Vd supplied fromthe
time control circuit 18 to the drive circuit 20 rises
aslope or falls aslope. The voltage | evel of the
threshold value vd th set in the drive circuit 20,
however, varies in response to the output voltage Vo
under nonitoring. Hence, even if the control signal Vd
is obtained based on the pulse dividing signals Vm
Vs that vary by the unit time (the clock 15 pul se
duration T,jk), the pulse-width control for varying
pul se duration in increnents of a tine |length shorter
than the unit tinme is possible independently of this
unit tinme. Meantine, the present invention is not
limted to the enbodi nents descri bed above and vari ous
nodi fications are possible within the scope of the
gist of the present invention. For exanple, the
circuitry of the time control circuit 18 is not 20
restricted to each of the enbodi nents and therefore
any circuitry may be avail abl e that can nmake the tine
wi dth of the pulse drive signal Vg vary in increnents
of a
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time length shorter than the clock pul se duration T~k
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 Vm 25 are

mai nly used, off pulses may be applicable. SilfiilteggmBer 2006
with regard to the control -3signal Vd, the voltage

| evel may be reversed relatively to that shown in the
figuresClaith§tdustrial Applicability 30 The pul se
generator of the present invention is applicable to a
control pulse generating means such as a switching

r egul atPregicicBRhédledpt or or the like and 14
Decenber 2006 -34 besides applicable to all the
applications that need pul ses, a clock signa

ener at ' 1.0i,ng .cont r ol uencij.es

ot 1 ol JB sl EnEhdRe A" IS BdeBpt o, Beniatiag accapol pulse
Lt Bfrick fe hltskwldtﬁcoﬂa ridiffip:December 2006 - 35 d ai ns:

1. (Previ ously cancelled)” 5 2. (Previously anended)

A pul sé& Yairblasignalf entpyenswns fomontputtiog pulsk vidihsdividilg tignals
ul se dth.co n a.variabl e signal
%s%tpu?ﬁg e?qutw% n%é“ %@Wmmdl vi di ng
SI gnal g nﬂﬁ%ﬁu@yin‘éﬁlé fo?‘ﬂet%ﬁﬁé‘%ﬂﬁfoﬁs i) ShBCRARAFRSsad pulse

aunit time, 10 a tinme control nmeans for detectling
veidtly dividing isignelsrte vaiya p@swmd;h iofl sqid lcemstrol il tin mcrements of a

dt h of d |
e et GioHBE i e YR dm s et 'shor ter ¢ han ¢ he
unit ti pe piiee vaEM &bﬁhﬁ%‘hlﬁﬁa}Wﬁfﬂﬁt Hom gélﬁgvaﬁbﬂeaélg?nal output

out put from sai d variabl'e signal "output nea
clé?ﬂé!slcQ@PI‘lﬁ a pul se width roughly dividing si gnal

with a (004 f el u to a | se
wi dt h o%" e Wé%‘ﬁt’i"ggm Lﬂl rigoal Vit ' 8 Rt Spproximately
equal to a pulse width of sajd control pulse and
a pulse width finely dividing signal for regulating the pulse width of said
control pulse by said unit time,

wherein said time control meass roughly determines the pulse width of said
control pulse by means of said pulse width roughly dividing signal and then finely
regulates the pulse width of said control pulse in increments of a time length shorter
than said urit time by means of said pulse width finely dividing signal.

3. (Original) The pulse generator according to claim 2, wherein said variabie
signal output means outputs said pulse width finely dividing signal abead of said
pulse width roughly dividing signal, while said time control means regulates a pulse
widih of said control pulse in increments of a timellength shorter than said unit time

after said pulse width roughly dividing signal has been output.

4. (Original) The pulse generator according to claim 3, further comprising a

pulse generating means for generating said'control pulse when an input voltage



a pulse width finely dividing signal for regulating

the pulse width of said control pulse by said unit

time, wherein said tinme control nmeans roughly

determines the pulse width of said 20 controll4pigeaeber 2006
by neans of said pul se widir roughly dividing signal

anekce@irh fredtehinddBisRIIESathde Pul se width of said
control pulse in increments of a tinme |ength shorter

]E han saivdhegein when rsaidmlplmdd@ éomghtsadildidmglhmawmgim to be output,
[ - dl vj.di ignal . 3. i,gi nal ) .The, S ..

ge%gdr é’f‘%r "3’2‘55@?81%?1% 138“6%%5 %]Q}hq},vﬁ%hﬂg S%Elg’!l \/f§¥~ iZg5PRe. at a
2 5predg@aatingl gpdicnie aNGolps et dePhitaU b Sl g&gﬁriyﬁﬁhyﬁnely

di vidi ng signal ahead of said pulsewdthr

5 i dividinggignad wath saigpulse sea¢rating signatanperposedronahs voltage level and
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r s.a pulse, wdth of said contrgl pulse in .
| e, B hoPbr) pléanh tesfodl i Wi of ki gortrol pulse in
t iiferemehiseof aaiifePhst® MHofth HRUER] Ynfl Wi

has been output. 30 %ﬁ (Oiginal) The pul se]ﬂgener t(lghre pulse
adieBPigiRg sigpaldnigisaidinpytiyeltager conprising a pul se
generating nmeans for generating said control pulse

when an input voltage 14 Decenber 2006 -36 exceeds a

pr edet eSn{QeginthrRehnlle peakrator 2080248 fo VIRRA 45 Wikdrddh s38 time
wi dt h roughly dividing si g‘nal begi ns to be output,

s&PFLeh meansois provided with g bissreoliege senstatisg nyrane fort geaprating a

Si . r termned.gradient, a |,

v ek 1e7E ictodilg o T ¥R BH0T Btk sl Wop i utse
dividthi rogglsly ginadingisighablgths porbséutgener at i ng si gnal
superposed on the voltage level and then said tine
control neans regulates a pulse width of said control

pul se i§, (dﬁﬁﬁﬁg?ﬁé puied géhetd %ﬁ%ﬁéﬁgk o SRR § eﬁuﬁlgla&énn%ﬁusmg a

said unit tine by turning the gener at’i ng si
i Bulse seenaraling yoeaps | fongenerdtingSiaid Coityil ipalsp Winm pulisgut voltage

rdi t ai.m 4, wherein said tine
g%ﬁ%[e@% Qh%egﬁ%%eg%%c@deet'h a bi as vol t age
gener at wherelfPahon §04 paRo Gidth i diVidiraagital BYBhs to be output,
dependi ng on said pulse width finely dividing signal
whdf tang gomrnl Jeeang jsanoraten agrilsy senaratitigrrignel Gordlowbdyg msvoltage
t u ol n tor .
Al S o Yo (b4 bELR) d Mo BISIE G aE 51 B Bledetorminea
geradicat.i dependingsort orid- gulse mddthnfinetyidibidiogtsiglal puilds §aid pulse

when an input volta exceeds edet er m _ned

¢ Reeithe B iy i pelfoes Jrll Al B8R SRl s shngio gucens

diepulhtsrOa FHlee Hid e S doRtBPpilbt Mikerements of a time length shorter
than said unit time by furning the pulse generating signal into said input voltage.

7. (Original) 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. (Previously amended) A pulse generator for generating a control pulse



10

said tinme control nmeans generates a pul se generating
signal for lowering a voltage 20 level froma peak
val ue that exceeded the threshold value, at a
predeterm ned gradi ent, depending on said pul sdti
finely dividing signal with¥aid pulse generating
sﬂlgtmestpﬂMm’mpdaﬁgyol tage | evel and then said

time contr,o é'emeans regul ates a pulse width of said
control® VﬂB‘P siggal qtpus mepassfonoutputtingra phlse glidth stngrhl e dividing

el s St wilh! BopRkinnp o 19 % ppis a3l copfot putse
mﬂg@wﬂx fimelp dividisi gnal aahséeaﬂmeﬁmffefeﬁwﬁam%ﬂse of said

ans is provided with a bias voltage
é’eggr‘g?&'ﬁ %ﬂ&ﬁg‘“ g sigagl yargsibyq wpit %%taage | evel
dependi A¢inR"e signa
when sai d puloggbﬂn&%ﬁ& L%%Fbt&g?@hgl ng Sl gnaFtl %lgséfcl'féo“m’l
P@laseanélﬁpmung sm:mon{ fir smid phasd diffareaoel ety ard appslseawidth of said

i n rol pul se 14 Decenber
SEBES ks ih Rl e e FupGahonastimsiprisme: o
vari abl e signal output nmeans for outputting a pul se
width roughly dividing signal with a tinme width
approx?n@ﬁ@@#héhual to a pul se width of said contro
pul se and a pulse width finely dividing signal whose
phase difference froma phase of said 5 pulse width
r oughl! ¥0.qCuncdile@). si gnal varies by a unit tinme, and a
time control means for rougly determ ning the pulse
wi dth of said control pulse and 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 tine. 10 9. (Cancelled). 10.
(Cancel | ed) .
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