;; <=>?@ABe3e9 t 6dde$l ns6ST t 4% SPECI FI CATI ON
FETERENCE~EETrrrrrititterrrrr~rrl co.b CATHODE TUBE DRI VI NG DEVI CE AND
,~~z, LI QUI D CRYSTAL DI SPLAY DEVI CE 5 TECHNI CAL FI ELD The preﬁlmmm“IMIﬂmmn
relates to a cold cathode tube driving device which utilizes

pi ezoel ectric transfornmer as a booster transformer for driving a e@dishe

cat hode tube, for 10 exanple, a backlight of aliquid crystal panel, and a
liquid crystal display device oRPRRLERCRREOROl d cat hode tube driving device

i s nounted. BACKGROUND ART 15 A piezoelectric transforner thatﬂMﬂmmm
reduced in size and thickness and can bring high efficiency ha mﬂmmm
instead of an el ect ICOHEY CATHODEr WEED DREV,INGs DEVICES PID t r ansf or mejgof Of
driving a cold cat hode h i i gh liquid crystal panel.
The pi ezoel ectric trans#g$ﬁ£$ ?éYégAGeﬁggéiég éggéﬁﬁage converting el enent,
whiclb utilizes the piezoelectric effect of a piezoelectric element for

generating nechanical_ oscillations and taking out fromits secondary
el ectrod %ﬁ%EC%LVB¥@%Be anplified depending on a voltage step-up ratio

determ ned by $he shane,of ; 1fe P 7o/l eetdd G2 t &@f&[ﬂ%d? E{'égoe 40 shows

a general pharacterjstlc_of a piezoelectric transtormer.
pi ezoel e} FVENG rdgisier mirichamtddtipets woptiegeehectrscsecansfioymsidas vari es

in accor it h uency-of an. AC voltage, inputted tqg its.prinmary

si de si n%gg%gs%% %‘?aertz%é ené?rri%o?rcgﬂls‘fjor}%‘? Fad acﬁéoocﬁean%%%ha#‘g%t eristic.
Due 1100 tdreamd Ds creedd anladichaifact @iigetidCcriybeaneginédf Nahg PHOpid@idas a

met hod for controlling the brightness of the _backlight at a constant |evel.
Specifid%ﬁY%@a¥fﬁ¥§9%§8h§§VP§elon e 1 codd erERadachuRe dREVIARg vol t age
for drividgidde pigaaplagtric transformer is controlled to obtain an
anplitude of a desired level at the secondary side, to thereby apply a
stable voltage to the cold cathode tube. Alinear inclined 5 portion in the

frequen i than the resonance frequency is utilized for the
control&ﬁﬁﬁgﬁa%ﬁhgggﬁg a general configuration of a backlight driving

neads. I n Fi g.A 4liezoedecalrit teshgpatesratipitezeel bet reduteanshigims, 2 a
coil, 3 a switching transistor (FET (Field 10 Effect Transistor) ) , 4 a
col d Car IR HECS A8 G o et fecﬁfllﬁé-teé’(?tyi ﬁgseﬁv@mi%s%rren_t

flow ng fryrugh dihert @it aatdedm diuke 4G R dr iad Ry gt generati ng

circuit that conpares the detected voltage b{ the current detector 5 with a
g

r ef er enderargiftaagee ¥ 6P pHloidihg a0 icAthpdsut seedihat flseddpaidyd itor di ng 15
tsﬁoi,\;si gji{aerl%g]%q'd :é&gﬁ_té% gg%’i""aﬁé gﬁi@z@éleec?é‘xfl% ol Gid Cui t
g. . I'n"Fig. , a voltage A 1s an output voltage waveform
(dr20i nggndsd)l yofa tvivd tdhigiev icog vieults e gg edemetnitng whilctuiut 16,1 ze svditteage B i s
an | nDUtpi\/e()zlc}e ectmﬁ\é:ezsg%@cgfoft erfei:zeoze éceé:x;[lré &lement for generating
mechanical oscillations and taking out from its secondary
electrode side a voltage amplified depending on a voltage
step-up ratio determined by the shape of the piezoelectric
25 transformer.
Fig. 40 shows a general characteristic of a piezoelectric
transformer. In the piezoelectric transformer, an output
voltage at its secondary side varies in accordance with a
frequency of an AC voltage inputted to its primary side since
30 the piezoelectric transformer has a resonance characteristic.
Due to the aforementioned characteristic, the next form is

popular as a method for controlling the brightness of the

backlight at a constant level. Specifically, this method is



20 transformer 1 and a voltage Cis an output voltage waveform of the

pi ezoel ectric transforner 1. The voltage Cis given to the cold cathode
tube 4 so that electric current (tube current) flows through the cold
cat hode tube 4. The current flow ng through the cold cathode tube 4 is
detected by the current 25 detector 5. Although the input voltage of the
pi ezoel ectric transforner 1 is desirably a sinusoidal voltage, the

f ol | owi ek ptamat Ham fReqrrRCwmi @h EhahG -velieage nimoidmi v thiye. The coil
2 and the; b 6ZDELELEE 't%ghfs%%‘}n%fr”f% chifPRITLE SHIAPIAGR AL EGHLT . 1S
y 30°th ue o

resonance frequency Is determ ned e 1 nductance val e coil 2
and t he ¢hputdessipasd theviedl @ dhet secpndaogl ettlej ctoranstebypeapply Appl yi ng

energy to_t resonance circuit via the FET 3 bri .a hal f-wave sjnusoi dal
vol t age S\’/\%?%ﬁ? he° Rtde- e ntd et e%aotn'é‘%{ee tf"ﬁ%eque%gél(l\%‘lrt &&\gﬁ.m?d B).
Onl y 5t hepsesisranoe fHe quenpyet@moERNth RNssessath Bhd he pimraal ectric

transforper 1 itself is drawn out from the output of the piezoelectric

t r ansf orfEIUERYY v e sdbIfage® ieontfnkted, with the result that the
si nusoi dal volgage gihatdvss S ¢ val4t : N Fq. S putt ed.
Thi s sinusoi dallq’\%ol t age dC‘:‘I%has %grgr%p%?)t%utg[ va\rl'\“ﬂ}lor?g Olfn%agf:%rﬂdl;lﬁw th the
f r equendir iofinthwegnst agen Bidud It,onttherghidrded synaté £ aghiovwoe e dti i ¢ 40.

Utilizi this characterist.i,c, 4he drivin | se 10 .gene [ng . circuit 6
conpar ersl'gﬁaH’es f\slooﬁnfeargeczt)t?t SHed fi o%st%%%gg%tr PREH G i tﬁﬁteh]e‘f

ref eoenc feadtt agenkosteon) [ ol hidid d bethbequaity, ofa theredt ptawidiage from
the driving pul se generating circuit 6 such that the tube current is made

to be afRdsfrEECYANGELaFInisgesr Aent & loking Higoudh thespaddiGatiRrdtow 15
wavef or i, Rf 4e8688 geaRs WieR bhe skl 6aHEDsY i RE iﬁ@c&’{?}@ e@g{rﬁﬁﬁ]féés | over ed.

The | ower the frequency becones, thé greater”the anplitu
si nusoi ddle deteagedbaridrage bastleseirinsed dbbeeton Methboa frerfeommtasl | i ng

goner al K HIE FoF RARIGHE rotrhiEhY ReEes Srriiuieliy Bt L be 4 in

t hel8ri wiond t6& rddififierehciehe pi ezoel ectric transforner 1. Conventionally, a
circuit for realizing the abovenenti oned techni que has generally been

9 [
formed of an &R4l-0tF PHOWSIYRT$LOWRT SRR FeanRer e The & briobt &AWt t he

nunber qf, goPQAent By kg ¢i. NEs easgsh @angk hhe §R%Q1%pfu@véi‘€a§9%%%§q i's
large. PartiCularly, it "has been desired that the space for the driving
circuit (dsiganedrsiiaee afntheudfFainorrwlseqansmaiting dimwritaft, ian a
portabl e i i_n ui u L nteg ed.w a or a
G gi cal CoktagsS) TV ABIERpuR 581208 MpTeI0 L RE AL e R MR B AETR S 2
spaz@ f aranis€octmevri hgprod recubfitagd @liso anedutpny caktady wHwgfomn g t he

drivi ngt%iergyeiéoéfecn@#fc r}:%n%t}io%mve\a'ir”f. t hleheOtvg?%a'ge% is given to the
cold cathode tube 4 so that electric current (tube current)
flows through the cold cathode tube 4. The current flowing
through the cold cathode tube 4 is detected by the current

25 detector 5. Although the input voltage of the piezoelectric

transformer 1 is desirably a sinusoidal voltage, the following

explanation is made with a half-wave sinusoidal voltage.

The coil 2 and the piezoelectric transformer 1 constitute

a resonance circuit. 1Its resonance frequency is determined by

30 the inductance value of the coil 2 and the input capacity value
of the piezoelectric transformer 1. Applying energy to the
resonance circuit via the FET 3 brings a half-wave sinusoidal

voltage with the above-mentioned resonance frequency (voltage



LSIs (for exanple, liquid crystal controller or the like) (see Japanese
Unexam ned Patent Publication No. 2000-13348S (docunent 1)). Several 100
MHz to several GHz clocks are nornmally 5 required in order to obtain
practical dinmmng resolution with the driving of the piezoelectric
transforner of a digital system The technique in the docunent 1 is a
system il?. which a fre(}uency of the driving pulse is distributed. This
syst em ehhbl 8 FhenitRg OreSGruEFSAYBHCY FPRRABRBY EBRERSFeRi PH the

appr oxi n@i@iaell@ctlﬂiéﬂﬁzraﬁls%&&erwqtts%qffn&gtt?racuél%b@SPPorh Q_hfehsué}gﬁt'”?”t 1

will briefly be explained. In the case of digitally producing a driving

pul se, ¥ ridiranigzeadasitiniiont nagqfiome f dr tohwhdichnihg vohtegk Bahsot be

obt ai ned; i t 0 j.ALN i vi_ng pul.se .15 Si di vi di ng
cl ocks. JAA 3 g?%%’eggdcé g?‘et E%gpggoﬁgﬁ%gﬂoﬁ stl%éls&lé]@c}elvgg%l‘aﬁ@nﬂnéﬁs%5r mer is
ext r émel yhgnesditaden ccahewnheneridie 47 iis vatbuegeencyreistéienpsezagl ectric

transformeJ(r) IS abﬁ?ut 100 KHz, for exanple, the frequency resol ution
requi r ed3or29Hes didhi f BWMITUEs WY fervaacerdsves A1t thein the 20

vi ci ni t ye gl Kidzr thBOWEYEhgel B £BS& ORBLEChABaELACK EERALRAEY {5 10 Mz
and the d‘ric%/i ng %m se of 100 eHz is pr c?ducedcby ﬁsi ng ts'%i"g %ﬁgcﬁ,i?or
exanpl e,Fi%e 44 equency resolution of only about 1 KHz can be obtained in

the vicinity ; : , that .t | ifficyt taq realize not only

di mm ng perfo?j%#g%lg? as'%o Cg%rsat%atb%%%l%t Fctlﬁée Gfr V\/l?’e%vpélfels[%i S, a
conflDgurggriexra i ingradier stiah @ hadmpa fasequrenc Idagediorg diatdd firsordli tsg | but ed
in a predetermned drivipg C%)‘?' for obtaining_a resolution with an average
f r equen&H EHEEh Gy SCH OF | S."‘”Af ) t&? ERESTRBCROUC L IAGR e CNFr Mgy

di vi di g el @ duerds i RHLS Uthuk0Q AXGRS £ Al e 181y ndsed-fol d
frequency resol ution can be obtained. Thi's nmethod enabl es t'o'incorporate a
col d catdedsatihy ¢iirguAd Besicl that tigitide c8krenhetebyadei e apabl e of
reducin : nd i vy h ' seg i docunent
175 o S 2P pR T or MRS “BRE h T T BNt Of by SOr ol iR L. ube
cur LBnt wakieferars, of eachmeehod Wioen péref ragngnthe fdiche dig: bicgmulde by

control l,ing the tube_ current has the follown r obl ens: The current
{1 owl ng eni6tR<Ehe Bef d CHMGTE BB PEoUnRPaRRES | e iR AR TR ¢ he

t ube Cu%hfﬂﬁﬂqaéﬂaﬁ|the$%ihﬂ%bi@ﬁq &oTHiade bevemegannot be greatly reduced.
10 ( 2) | um nous efficiency of the cold cathode tube varies depending
upon a curren®syvgegeribgdt BROVERe 2l BRiLHOds ferf Fepéneylgngatthy Endeges in
accorda i t.h i ng.lewel, i e tu cucLr canyrl 5 (3) In order
to changg%fﬁgktgkg%gg gght?hfhé%ggF§P%§ fg ??ngéﬁggkﬁsggééﬁ #ed to be
chah@ed geHewadly, uskd &bfri coencpldfinghéhpi bzdghtoesisc offr &4hsf @ohel changes
dependin paon the driving, frequency, so that there (s _a |lim¢tation to
obtain ggﬁﬁﬁﬁee%ﬁggiénéﬁ FhS%lglﬁédgl FHﬁ?na%rgh&epliéoglgégig%(N

sol vi ngttrhes€opmekl ens, there has been 20 known a techni que (hereinafter
referred to as a burst dinnin%) i, n mhicg the d Lvlng ig ig&ernittently
turned on andCBPVeaFlanﬁﬂé&ue c?lfFBfte 8hpF&%-4boll ilils P'fhat does not
cause aphhikgbhRessebhhskaE- hEQeth@ﬁ‘aMK! gueh FsrmbBangedahy aghharg ng a duty
rati o of turning-on andturning-off . This technique has 25 w dely been
use?b f ocimetitnl yAeckedinghht thexe i & maglan ithiahi ddpeanpiesdeldct ri ¢

Lranst OLgRboRh e8] 38 2nBRE45LANEAET LKENGpELECKLE Hhe! bEhBEnanEaNYRNLI onal
el ectromagnetic transformer.
large. Particularly, it has been desired that the space for
the driving circuit is saved since miniaturization of equipment
is important in a portable imaging equipment such as a VTR
30 integrated with a camera or a digital camera.
In view of this, an attempt has been made for saving a
space for the driving circuit and also reducing cost by

digitizing the driving circuit to make one chip with the other



There are roughly the following two systens for realizing 30 this burst
dimmng in the backlight driving circuit utilizing the piezoelectric
transforner. One of themis a nethod for turning on and turning off a
circuit power source, while the other one is a nmethod for turning on and
turning off only the 5 driving pulse with the circuit actuated. The

f or mer d pt o,t % i.on circuyit. .l his nmethod, a
starti nﬁgﬁt(r%@ﬁggﬁsﬁgfmfﬁ%&%% Cj<'}1:(§/;)So(\t\?‘?/relr gggaggghgﬁao% oF flf‘éﬁ](eém(ﬂ??%l upon

| i ghti ngiawanespdatexinyi ibe @ xprided . Plohbyet o M e @oeci 133485 f or turning
on and tquini"rélrg of f_the power source is required in a power source line. An
el ectric YL YCut’s) due to this shield circuit, thus not preferable in a

portabl e equi @rdn A M - sdFe ddie D& and.a fded aid £f, et hod

requires a nmeans for 10 turning off the detection of the tube current upon
t ur niong VIR di PirAgTrahd It i @ ravs igEly dagrningquesejubton with

pr edet erym ; i it . Qny jopnal circuit.. ln this case,
there i s%%agﬁggbgf\ocf ?%%gqien Otgﬁgtcgg&g?ugourﬁégnlkelpngj at%ﬁ%ll'éi%eﬁylserﬁm'i n the
use of d'porteahhegequiprdet dooupantilcibar syAtkh ieamiciue fosqueatyzi ng

this neth in an anal og syst.em s disclosed, for exanple, in_Japanese
Lm;xaniﬁggqﬁgiéﬁPWiﬂﬂiékﬁ¥%ﬁ' .l§Eél (Egéé)s§&ggﬂnﬁﬁébéfﬁp?he
t echni queindhistd asRblivt ildie bJosurBBEudn Wy | EoREieS lyi e S ainetke /9. 44 is

a view simplifying the technique 20 disclosed in the docunent 2. It is
f eatlredq MHhatlackel tage at the current detector 5 is held by a sanple

hol ding means o, IR b1 8Eh LR dhi ¥hO%oLRRLEDY: ROl LY g e
oscillation frequency of a voltage control oscillation circui bt
const antbd esgdlamkdor olpt kiiestasti nff theikadghyi pgodpotngdSar dstiaiinigng t he

driving. As descyibed above, the . burst dinmm driving system can be
real i zgc?Ublfeadai#ﬁe%u%l?%lrgst?i&ﬂ@&iof‘ F‘:r'lq'tlhﬁeggéroﬁhﬁr?&“ﬁgngﬁ%ﬁo%—bmver,
in case qaieice theobihshed AR AdnéshégatdZeshi i dhey 4 ¢idiali iy denmdy a

frequency distribution system there 30 arises the follow ng subjects: (1)

ThelPr efleRéPraysei VBaEREncE9skem ifs sbaaPngssed dtichhe asenanerincy of a

dri ving il 6 dz%eietleirifuiced gk npi-edet eipiiandcy el ko obhakasg frequency
resolution Wth an 6 average frequency. It perforns a current control

wi t h t hehdirst thieutrominycfeegeenne sktthellpdregfosrlectim cdsendfarmmathe OV OFF

duty rat. o_Jis ORtl | 'y _changed, a rrent detectio hat is carrect on
o et prs e na o bR erf R s R s Alnt £8) ST e, The
current feantheldimniemabkaloy ussdtaingerid) sl 6f case wdiern® Hheiduhe ratio is
chan@ed with a distribution cycle unit without destroying the distribution

prifgi plVd Cad idioh L0R %  Hweyedat 1R CASKVRE LR FBUET ONK EF@aIency
is 10 MHz and the driving pulse of 100 KHz is produced by using

this clock, for example, the frequency resolution of only about

1 KHz can be obtained in the vicinity of 100 KHz, so that it

is difficult to realize not only dimming performance but also
25 stable lighting.

In view of this, a configuration is made such that a
frequency dividing ratio is distributed in a predetermined
driving cycle for obtaining a resolution with an average
frequency as shown in Fig. 43. By this method, when the

30 frequency dividing ratio is distributed in 100 cycles, for
example, a hundred-fold fregquency resolution can be obtained.
This method enables to incorporate a cold cathode tube driving

device in a digital LSI, thereby being capable of reducing a



10 is required in accordance with the dimmng resolution in order to obtain
a required dimmng resolution. By this, the frequency of the burst cycle is
remar kably reduced and brightness flicker is increased. Additionally, when
the burst period rises high to a |level that can suppress the brightness
flicker, she dinmng 15 resol ution cannot be obtained. Further, there is a
subj ect r 0l ng tarting control upon the burst dimmng (especially in
case mhe%gggﬁeggﬁnggsgfightness | evel is small) as a common subj ect of

anal og and di gThaldriySnemethdd idd sdagiskabl € the dbelhen® M &M 3ydeskred 20

brightnegs upon | i hting. However, this has been difficult in the
convent i bRl PEFFOFRYNEi Fodi §1HBLAYSEORE Lo helyY F PR Pyl kRGsBRe . tdhere are

o oW Nl bon et oo, 10 G Ir QRSIERAL Y Qe Jhe {1151 one

is a nethod for performing 25 with the burst drivin rting

si m IPar ¢onthel chyecoporoihind i ghe i higbasciwhoswt i ma§i ghe 4601 Tdw snget hod does
not reqﬁéf@bf a circuits since the burst control is adopted upon starting
and lighting. Further, the brightness level is shifted to the ained

bri ght ness | evel) wihtehout rertsel ofimy 3G Howe@nghyi d¢yld tdaereRke Babagisapabl e
of obtaining qlsaxisfactory Ii%hting uality. However, the lighting
per f or eMEC YL % Hd? EHEI2ESRNBRBT € UbRE | R (CAGEE Y é6 PRALAI sShethdl,

especi aldpe | diRASE WS &L canddie v B i ghtdegs.d evel is low A cold
cat hode tube generally has reduced |7 ghting performance at a | ow

t enpérat ure or(dindekuninik edfdicdsncyl ¢ fiviheanetd cEtiteods tbbenyambebeen
known t W1e b risi h t I VO e or | thening tine
For - applytis TR EREn Y coershital DR Sk b En L BPRe RS TR TR0

dri vi ng gmzptiIneshangextiraatcoedhaceaplythg divenisial eirey Mokhageuabd her eby
taking tine to light. 10 Additionally, in order to prevent extra stress due
to hi gh PrEUr B HRY pl aced on the piezoel ectric transformer upon

starting, a profjectd JrddinGld Qhdry P dethed @ ut8iinate d ke istafd i ng
unless lighting is executed even after a predeterm ned period. There may be
t heléasd n@mianay gist raguisedoto decheageds dievever hethafdfifdiendy t hi s

pr ot eCt i NGy TRSTA d § 4 JIRNAL S O, LI SING e LA L9, vgld age upon

t he burst driving. wever, this causes €Ss ‘o the piezoelectric
t r ansf ordxervindhdreloyetetyer isor ahehgthekeabs | a tyimfet het ,td hokstadet hod

requires .an eg;na.circuit pace tq 20 reinforce a neasure for preventing a
dischar%&g@a ed By & ¥hi Feds HrHé&'e WGt T EFer abl e. The second net hod

is that, as shewa meahisdfod7 sod@highydesedbirvbiamss Reeker e werh t he
starting in view of the lighting performance of the cold cathode tube, and
t hed? tﬁ@mﬂngipgfh@gque (hereinafter referred to as a burst dimming)
in which the driving is intermittently turned on and off at a
frequency (for example, about 100 Hz) that does not cause a
brightness flicker. The dimming level is changed by changing
a duty ratio of turning-on and turning-off. This technique has
25 widely been used for not only a backlight driving circuit
utilizing a pilezoelectric transformer but also a backlight
driving circuit utilizing a conventional electromagnetic
transformer.
There are roughly the following two systems for realizing
30 this burst dimming in the backlight driving circuit utilizing
the piezoelectric transformer. One of them is a method for
turning on and turning off a circuit power source, while the

other one is a method for turning on and turning off only the



25 pronptly shifted to the burst driving after the lighting. This nethod
requires a lighting detecting neans and a control sw tching neans since the
control is different between upon the starting and upon the lighting. If an
ideal lighting detecting neans can be obtained, it enables the |ighting
with the ainmed 30 brightness | evel without deteriorating the |ighting

perfor mgg@vgggtgglggl ‘gi{:gt gg%i:%{[yggig Egg\ﬁ{‘gg%dt he conventional |ighting

det ecti ng nean oW I'n ' AQ i'hg, resulting in that the
bri ghtness 8 Thes flvemat¢t ymetiangedabybé heddpited of o rieee he cngvé hei enaed

bri ght ness_| evel shown in Fig. 47, that causes robl em concerning the
|i ghti ngchﬁﬁF?'Fy. aﬁh&%%@‘ﬁ“ﬂv@nf?@ﬁmggaeewﬁﬁp&sE\@H.ni RUyPéR@oPlt he 5
above- meatdArads B st &%) a AN 8bhesd1 tl_l_'ﬂﬁ{ne}?idgh@iﬁ afdd sEh¥a PEQP 39 a

driving systemrealizing a burst dimmng in a digital system and

real ize exdoekddecodtonaitt wagahispt elrguatchdnl toanhodeon abel tnining devi ce

t hat can r r | rt her,, another aqbject of the present

i nventi O%P?s&%r%cg%%yndﬁ%u%éngr%\%e uliaregfalrnt ianb’oé%%t 8 éfgeﬁﬂgﬁt' in° ghti ng
per f or neeteceren lossasecwherdud heo at el i gid nesschevel thss | e The ot her
obj ect s, tur ei%and advant ages of the present invention will be apparent

f
fromt hepr%f?’b%ﬁ’ HosErR Pt Hnt© 199 BRI IEsURE R SR A NVENTI ON [ Fi r st

Sol ving Means]o\the 6tkét HEBRRNSthe BN & W@ hpbi 86k SrebNEmBRESERL Y
i nvention provides, as a booster transformer for driving a cold 20 cat hode

t ubd Ot hatuTing [afHdFha deteckbemotfe thebeue o riprievipon tyrngng off
Pl €208l egi 614 ARSTI ALt Ao Wil 20: QUL Al Ade svar L es. L agor dance

with a frequenc an rnpu g a a converting
means, avahmotim egidptdoessonelasscorarereriarta v aitragd tcal ¢tul ahi sgcaeans, a

frequency_settjng nmeans, 25 a frequen di viding neans,, a controller, a
bur st pUiie Geror (TIFGTeatts LORF ot pute GIRIAR 1P ena iRy o Power

anpl i f yidigcdmeadis: imaehe BSOS fMBYpber Ache @pd ghefandvgs et oeusakt wage, or a
hybrid configuration in conbination of hardware and software. The data

conver t | fREMEEFRE dede dten Il dtg | thi30 mafmaschtlF [agwiaip kaer suttathel ol d
cat hode &ih&b@l@é%,c%vreré%rﬁglgedg%rﬁcfa%n%gé qg%t 2 Yty igq i gital data.

The snoot’hi ng process nmean es ‘out put romthe data converting
nmeans atPub lprexdetar iNcned 142680000 THE & )r oidominteange 20al cul ati ng 9 means

ot o ence dat 4o GURHGLE A SERPGPodAbat For PRSI ot (M1 er ence.
The frequengpissidddg pegns4sets a Yiequengylofyandr thengepuhsgukor driving
theZO disclosed in the document 2. It is featured in that a voltage
at the current detector 5 is held by a sample holding means 8
upon turning off the driving, thereby holding the oscillation
frequency of a voltage control oscillation circuit 12 at a
constant level and promptly starting the lighting upon

25 restarting the driving.

As described above, the burst dimming driving system can
be realized by adding a simple circuit in the analog driving
system. However, in case where the burst dimming is realized
in the digital system by a frequency distribution system, there

30 arises the following subjects:

(1) The frequency distribution system is configured such

that a frequency of a driving pulse is distributed in a

predetermined cycle to obtain a frequency resolution with an



5 piezoelectric transfornmer based upon the error data applied fromthe
error voltage calculating neans. An N cycle of the driving pulse is called
"distribution cycle". The frequency dividing neans divides a clock of a
predet erni ned frequency and generates a driving pul se of an average
frequency corresponding 10 to the frequency data outputted fromthe
frequencg setting neans _in the distribution cycle. The onqu{I r controls
a controf VEYeYR §5°34°PGY perfomftid Sarfe Aty RS WD ERE nat ur al
nunber n@istesisuthen @ycvé tds tdee aar agenkrequersyinThesBUkBErBULEE
generating nmeans generates a pulse having a duty width 15 in accordance
with a dPiPhl debvelrasdedfaont ignsililed chregede anguht9ntgdateeegorncy

out putte troll.er. . t i nea n r off
he out pal Bt Fe ar Ly o Tha e o e P A e s e “reans
in accorbaneeeqitédt hendubpute vathe duorenhecdnirstl pid seergenieslal yng neans.
20 The pQwer g?glifying means perforns inversion with a swtching by the
driving pu?%% bm t he out put enabling neans and then outputs to the

pi ezoel ectric tZansd ofqes .widrd hthabavependt ianeds GHEidgRYy akin, o t he di mming
| evel is controlled for adjusting the brightness |evel of the cold cathode
tube. |t9DBEFOURIOR GekRl Wkt Wi Wh ST g th i g stribukien

enbodi : rJ at carhi ng [ fi iops Th ration
T R e L P
ti m@$ t hiss diestudinegt ioreoyetdar(de eyidchetbé direnidrg viesg lpdliss) iscotd@t drivi ng
is performed, A,30 tines_at t.he.sane average frequency. Specifically, the
wdth of St RECAEHA/ B0t Fot HITERE T U b ke 1Y SRS nbRecr (e than t he

di stribuf ehectyet st clhe ef { equen®kailyi deagcseans bepgatadky peidesrs the 10
driving Atines at the_distribution cycle having the average freguency by

t he conb’i%d—t”@%ﬁa(?fedt-heAPiiéﬁh@ﬁé}lM:r Vg Heabrg Ssveerifg EbREF Ol cl e, to
ther eby bbaidyay LhadlengyupBeabti v ke hEgl AGUACY cneaifRfnadi ng (o
this, it 1s a principle 5 that the current flow ng through the cold cathode
t ubé St hatesasl ut landdamatettectadat goared-he di stribution cycle unit. However,

if the burst | M C l. s execut.ed | istribution c unit so
as to obtain %gjnr\s@tha%;n’ ?ﬁ%égclusr?esrﬁ g et%ﬁeg%hgggggﬁgsaegémgg#ﬁhgdﬁ%éezér?elod)
becones i ttdre tharst hiindtistyg | (@Hpeei adyict en Ha seesilerieng Hen diadd t he
current at, time cannot, be controlled to be constant._Therefore,  the
driving lqrslgg)}:tl;qeosrsﬂé@\qe& 6lsur55|a?'-&§/c?§sa(%?‘§‘f‘?rilb?}f :b?f:tcﬁ:ﬁ @rb?]tﬂ%larh‘%/pl es) at
the sanmgRMerA0Q JJtRAMENCY +SOsthaki FAe1 HUF ST M 8 QupMydith ((ONdd wdd i s not
shorter than one“distribution cycle and the sanpling nunber of the 15

cur 28nt hydiahdiess hpoaglidhtting he Hoawpkirngt histiers prephel Bfsevibutnt on

oyel e, T LOnidgualion ASIULS 2 A% 83 Al Ll 18 fole dohachiing, average
current during one distribution cycle. As a result, a control ‘can be

sat i sf acte@sdnys .per f or ned wherein the tube current is constant. 20 In other

words, the control cycle i.s A.times (natural nunber) the distribution cycle
and the drivi %‘elr§ Sélef %P@&WAHEJ{TE&E %Ef‘ﬁgssgﬁﬁ \}ngéggf ¥a&leRcy, wher eby
a sati sfrelioy buightdedsl. Ngreant hesd edld 18da avethdd Foipgirtfalrrdig/i ng

systemusing the frequency distribution of the driving pulse. 25 Specific
expRanatidh tdeaburst| 8nsViraeuBpACEN® ot t A Hel i SATHG & it &7 %% saved

and costycan e nedueedcbecauas,af ihheigi gisal 1dris e raxsias it her
frequency resolution regw red for satisfactory di mm ng perfornance and
| i ght i ngeperifrer erhce circwit oistlaiceethpdutuste contrhe i$ eafrpicsd 3pon

di stribution.system .Mreqver, gri ht nes %I' { t upe current
cont rol SHPEERI ARGt E}S[}PQSSG uﬁg%%ﬁSe&é %ﬁg&qbﬁlﬁgggdli%%g%gygystem
Addi ti oralilftedt ker @ hies anaedl eetigheénpesel eedswiednutnsansgsbdma n which a
power source is turned on or 1 .y ,
30 incongruity, thereby being capable of obtaining a satisfactory
lighting quality.
However, the lighting performance of the cold cathode

tube is deteriorated in this method, especially in case where



off and further a shield circuit is unnecessary because of a systemin
which the driving pulse is turned on or off. As described above, the
control cycle is Atines the distribution cycle and the burst dimmng is
performed in which the driving 5 is executed A tines at the sane average
frequency, in particular, whereby the brightness flicker can be prevented

by cont rﬁéi%é@gﬁ%@ﬁ%ﬁ%# ?%‘ﬁép be capstant with high dimmng resol ution

assured. A prefer e first neans to solve the subjects 10 is
t hat the snoothicylPradEssiamanise igeremndl lgurtets suestuddaatl iayhtaiagui siti on

fd b thed i jable | i t Itiple of th
i stri RTINS FEre R TS H gh I gt R bodi ment 1

descri bel 1aiiataenc emhiisg prbbd eap@kat been Mabenspecbli Galnbved ¥st ection
w dth 15 adjusting neans is provided for calculating the data acquisition
range ba”s‘e?i{rtﬁ)d:ﬁ‘et F¢ BT FeLEeSer 8 tARIBEBING UT Bee ghoveranp byl M@ans and

the contyd JddBighPpulfddqun the controller. By adjusting the data

acquisition range in accordance with the burst pulse width, the greater the
di mm ng 20 | evivebecontbe $thertrone wilid thermntstderéstingnraguilrasyarenhances.

A preferaghle nmode in th bove s that fhe snpothing process ans is
conf i gurgt liaorgg‘él}ef &k Sﬁpgyépgg#ﬁa 56%%%%%9(%% taef‘ng%’veﬁhegﬁ 9 The
aver agi ngmeans lighy.eferably used 25 for detecting with high accuracy
currgnt fl ow ng through the cold cathode tube that is a load. It is to be

not &l that it Ay HEPPYackl ARAER HROPREN SR Ve HrBERE S§SYQRE it stri ct
bri ght ngss AAd Hdhd HIGIRRCIA! lohe @i JRMISRG1 | B RS fdridlr TR to

sol ve the subjects, the controlling 30 process neans conprising the
snoot hi ¢ qntdeess anpanseceipor fuottage talpuatded tedressmifradtpidrioy setting

oS, SN LSRR, SR e RUAL s feneiat g s
period. There may be the case where lighting is not executed
15 due to the influence of this protection function.

There is a method for rising the starting voltage upon
the burst driving. However, this causes further stress on the
piezoelectric transformer, thereby deteriorating reliability.
Further, this method requires an extra circuit space to

20 reinforce a measure for preventing a discharge caused by a high
pressure, thus not preferable.

The second method is that, as shown in Fig. 47, continuous
driving is performed upon the starting in view of the lighting
performance of the cold cathode tube, and then, the driving is

25 promptly shifted to the burst driving after the lighting. This
method requires a lighting detecting means and a control
switching means since the control is different between upon the
starting and upon the lighting. If an ideal lighting detecting
means can be obtained, it enables the lighting with the aimed

30 brightness level without deteriorating the lighting
performance of the cold cathode tube.

However, the conventional lighting detecting means is

slow in detecting the lighting, resulting in that the brightness



or a hybrid configuration in conbination of the hardware and software.
Reference is made to Fig. 20 in the enbodinent 1 described |ater concerning
the case where the controlling process neans is achieved by a software. 5 A
liquid crystal display device nounted thereto the cold cathode tube driving
devi ce having the above-nenti oned configuration solves the above-nenti oned
subj ects;sT | O tal +6li : L Lnel a |4 quik al
panel , ai?:o ddcﬂa%gggﬁgﬁége ﬁgltes?%ﬂg %ﬁ%%??g%?&o t%é eidquégg‘r&{}é?él panel
10 and thevedlas cavhadén thilse difi vilmat devises hgwiolyl dheocabevarisnt tbaed
confi gurat | i . the piezoelectric transformer in the cold cathode

t ube drigéhgg%gwgégiigt%bnnect ed to the cold cathode tube. The driving

pul se from t heTloat ikt s @mabl mvgn teemsi ¢ naddensol sheat hode; dwher dghyi ng

devi ce having 15 the above-nmentioned configuration is supplied to a

Swi t chi n%‘é?’ TRAE L AN R P TR SR enneP heah L herand ve Eﬁef%ﬂ?@‘ibél ectric
transf OrﬁPdS%)o%@atH?E@?Mgcﬂgﬂé?ﬁ g 19 i D Jravel; ingdj!ryﬁtél{'cgi{: £

bri ght ness 1evel of an neEge dlsplayeé n the Iiquid crystal panel. 20
Accor di ngyseenhearpt dsemreailiventedncetheodurartd diavechgpeare he reablded by

driving ' ectric transtorner wth a digital drivjng. system using
the f req%%ﬁ%@é%iztgfgrel (éh:tlivgrﬁlgo?e?ﬁged W/’i-' ncgarblﬂ%g%lrﬁl Fh%uf‘?‘ u(?hm%}?%t al

di spl ay devi ceFurthenh chdiites £ dish eat ol Haiherddwait iiqddie hackid ght of the
liquid crystal 25 panel js driven by the piezoelectric transforner.

spedi®f i c¥#FFY It he" T RIS 3 SR TRIMh FEThR® kTl ae Teckkarindi mi ng
can be b af figthn WGIRDY it G Evﬁ'%tref EHW ngé@%’ﬂfg}tx@rﬁeggl ¢&i hpde tube

is stable even in an area where the tube current 1s"relatively small, and

hence theowli nming 30 |l evel can be made low. As the secondary effect of the
digital drivi S m _reduced_cost and saved_space_c e obtained by the
formation of g%]ee §§.¥1§rvﬁ93he% %GFEEEPE?Stﬁ{Igfa@Sﬁ?E?%ﬁFeo?]{:gerﬁﬁsa?f}r}}i zation
of smal | trsrerert drivagi g regugpesdnt Erom [t9ec @wd 190 ivig gidékeanisdt i a second

rreang) to solve the subjects, the present invention provides, as a booster
trahsformer for drivi ng a cold 5 cathode tube that is a |load, a cold

cat hode e dHURE F AeM CRWSITYHN Pi ezoel ectric transfornmer in which an
out put voltage varies I n accordance with a frequency of an input voltage,

and i ncl udi ng [&ideita Sdmiea Megddans, a snoot hi ng process means, an error
vol tage cal culating qmang, 3 f heauency sell ing.means. 4 3 Jeguency

di vidi ng neans,” a controller,” a burst pul'se generafi'ng means, an out put
enabl i ngmeans andravpoee; anplbdys tngr reans fotrhegef seand vileigng axdndf | gur ed
by e sa nner as thqgse in the fir neans, wherein the controller
contPol SHHETOREPEI e Rt ng: St FS S FUPRGH b 189 S Sed
predet eryginRA aApX ek obilBRE rA Bradsfbrin§raiyafhi@blah \RAltpd FAaceye«ance
with the distribution cycle) at the average frequency, and further a

di st ri biEG®sniiRrbRECABARES Y e anEr aaveRgY tHe 2fiol NRWF P ¥tA%ei A s new y

2 ust | 5RO RanE Safe TRN G R R R T R e e

di stri bati enroyct@ tiagesygndkudaiciagi omans t la fhegbensy gril Sengvrdtamsout put t ed

fromthe hurst pul se.,generating nmeans. By t above; nenti oned

conf P gufatitGE Sy (ﬁlil?ﬁhgﬁé‘gl &7 Insi’sac&ﬁf’%(?PFLZSrt’oaaEﬁ’iE% PHESEH ght ness

| evel ofyenea@aind adtbegdeahubetpld® Cpapaied meahBeahtr at powamrs, the feature
of the second neans is that the configuration of the controller is

di f f er eRfPASHITWaleaN St heERER Stedpalaaame & 1Evad Pyuh RS Akt &F

adj usti i ; ! ) i n j Ustd y be
Rchi oved e trar Gt e e B B o By T ey 4

confi gumatl epfafvazesof Thvar@atadcanhar tivag enedhe dortcod |etechride first

i RN N O WD XRERENE S

frequengytetfed current amount into digital data. The smoothing

process means smoothes output data from the data converting

means at a predetermined timing. The error voltage calculating



On the other hand, the controller in the second neans controls the control
cycle such that the driving is repeatedly perfornmed gi ven predeterm ned
times A x k at the sane average frequency, wherein k is a variable val ue
according to the distribution 5 cycle. Additionally, the distribution
nunber adjusting nmeans is newy added to set the values of N and k that

det erm i . but e,ln. s b zal | i t st pul se
whdeh ATare SmbErd OO ENE Cagfe SIEIIOM BRI (AR B L B
concer nipgotdes coedngw Bth are B re¢mee saartoan df ome aost pult: ing tderor rédes ence i s
made to Fig. 10 concernin tha)(Le the value k is variable. A, preferable node
'h the SSCOMEFRFANEY &4 his ShELAFERTE butiish STGRBERCAd GLF1RY Reans

det er mi nast 4 he Fadueedy kosuchit hatnd Buxants ol yicHadPycde controller is
made constant 15 irrespective of the value N (that determ nes the

di st Pi blRIVAPLYRE Y 1C Heirarelorne pricdeadbiromdie iar ndie dcorabPpieked is t hat

t he val ] i t; I nch hzat k-t he duty
of the Eﬁl}ﬁ‘ Oe;)hu ts.é:rr%?éﬁqttg?ef rc%r%] t lg%t%ﬁgsb%[%u%s'e élgqge(far\éérgglér‘:% ér}le%ns. The
oper at i atr iwindewdbey d-sneatlileded distfriputabnonytietés fTid afvsequenoy der to
correctly. detect the average curLent fl ow %hro% ge col d cat hode tube
that is & {CHSY BeGBSSTIY HIET AnGEOoF OF Ml o FSEPPBGY iV cycle is
requi redyerddradfed Beidivisty paaBss,ot Ae Mﬁg@@kéqu@hezmd&é%d% to be
made greater than the distribution cycle wdth, so that there is a

r estPi cti®hhe f naBiansreda t @ piut poit terlef Bemivhad TeauancyTret §éaemeadrEsans i s
acconpl i I AW 1hi S, ecisfy cal Lt.ho di st ri i on
nunber I\%SA(% set ?ﬂéﬁ?}ﬂ%ﬁgéégl §¥C)|§E' ck?far{r%ggh?éﬁog(%ggcg%&%%%gg %/vi%#%?ei bur st

pul se wiaitdl,e sheanumbeerdbrii hies Same diriiwiimg Att ines J@dnesaw eralgerd) equency
i s simultaneousl hanged sq.as.ppt _.to _change the control cle i .oa.
cycl e of WREHLAP tf?)ﬁfg%a%génw?‘ggt%e dﬁ'vsetrl‘:“i%I u%FSﬂuEQEVe i’@{% .

Bri ef | y,pudskb genedatiihgmhdaneogehantteb0s 9854k iy 1M deties) vdtduri ng one
di stribution cycle, the duty of the burst pul se becones great when the

di stPi bdth RCRURBBFS €18 dghiymivi Leveheesharrabily R R ddIesfteh the 5
di stributy r, | e%@%ll 1 a racy is

hi gh as%%agm&mé?%?ﬁut?on m?c erghlt grt%tg?%-rroﬁl_ﬁ&g\%%{&%g:‘ggl :ae%n ngﬁ evel of
about 5@uteput06vabdédgfreansdévirmsgen appré€i bité omtportmalf| yhe epiiviasy t he

di mm ng _pr.eci si_on. ., ew brightness neans, does not require the dinmmng
b oci o SHLFG SBRBAF e 28ol Hg K S AeLs L ReRREob BECSHORISE hode i s
used towietuedepowepueonsuapt £ oomies Wttt 1St drebye rardePineED3 .

(on-screen display) is displayed. In_the case of the | ow brightness (in
cas@0uhde PREe B AL Iff il fiedf PRL FOFMhomy ShFaeTt NatPBra Fét H€d val ue)

the digt FtihQUBEQE}iHF!”Bﬁisie%ﬂ@ﬂ%]@%&tﬂ@t b e wHEels &ind itiRs for
driving at the same frequency increases so as not to change the burst
frequenoptpyge Fiogtheopiezpedest rilkatgiong fomaedi stBy bl¢ oabavaber in
accorda ' t J se w dth. e | i.m | evel ,
t her eby%%gﬁt\%h%gpggf‘ggéﬁkégﬁéﬁgi %gtﬁéﬁgﬁ%’n %egéeﬂaﬁ%ggof%qilgrégnef%gbl e node
in the tdysistimansheobsdbiientbhe 3abpicds tlse tdmtd tdeet Fsmbotthibe. pridcess

meaps i s configured such that an acquisition range of data.to .be snoothed
s 4ari 361 B HOGARLLRAT MOLERERG Sof S CRASIEBL T Buti oh Ty erEoRBret

speci fi galdecrapdet eateen cwhekbhnadipushiiBgceranguirstpeavi ded for cal cul ating
the 25 data acquisition range based upon the burst pulse fromthe burst

pul se gener at Thg arerat terl othehésmentiqumhiepuld LiPe e Al A6 | er (see
the bur SETRETEs v e s T e e B e e e he
current (N cycle of the driving pulse) so that driving is performed A
30 times at the same average frequency. Specifically, the width
of the active period of the burst pulse is set not shorter than
the distribution cycle.

The frequency dividing means repeatedly performs the

10



30 detection accuracy enhances. A preferable node in the above is that the
snoot hi ng process neans is configured to performan averagi ng process (as
an averagi ng neans). The averaging neans is preferably used 16 for
detecting with high accuracy current flow ng through the cold cathode tube
that is aload. It is to be noted that it may be replaced with nornal

filter MEansing ANhds & d eh N igii8ss HLEE! ALOnLSREPEGLALLY ot
required. In"the second means to solve the subjects, the controfling
process freaaseroypry iy admbigradotdr of phecéssqgoeany, devidinygolrsage

calculatin ans, freguen ettin ans, .frequency dividing neans,
control |%Y‘,gr%5&?¢ t—[ﬁ@cé&iér}ﬁ %be%ﬁgﬁs‘)b DBt FERVERSN T RACHARRR ey be
achi evedwbyh et e a@y.a cettwepend@ngrtd thiy, drcoBf hopFahéop1En
conbi_natjion of the hardware and software., A liquid cr(%gt al di splay device

mounted Hhet dihe CHETEBE Jf tayHRad himwhuthe agldaadodmbiuhg thaet is
above- wtmﬁaggsfggzcba%at kaﬁﬁ&'&&%%};ﬁ% %iygﬁgsaﬁ{atpa%w?éefp' d

cat hode 15 I's a backlight of I qu crystal panel and the
col d cathbdshe Uher dr idriinvg nde cionéd rivdviisge kbeuabdvin nemd | aineict Counf i qpur at i on,
wherein the %i ezoelectric tgansfor rin_ the cold at]{}?od i ving

i Vi

devi ce | &Y COhHEAESP £8 ThEPERID CATERE TR CUFRED % u%%l g%u $Om t he

out put enadth NONFRaRS 00 becshes GAlot teat flegde thebai gtk ybogidavéEeldavi ng the
above nentioned caonfi gur ation is supplied to a switching elenment_in the
ponef anpfT4YGing Adakbatot iei Ser FeRt sitePNettdder FanephnRe sier o2 d her eby
control &AL gn1 ev | ustian Iy eV f i mage

di spl ayeg or? tﬁngfglaEl’ dellc}}{/%facféuZS%%aengf%O%(lzgolr%P%g%t% %mte Eleg'!};‘)rpse)lsue)'ﬁa'gtL

i nvent i aryclawe (isiisdtr idumiiomgcganhebplweal ieded)i ké the $amstavmaageto sol ve

r i ng Sdistis R RAech PR g P e i ( BRSb R TR dibphi S ahae 20 i n
the |iquirthroromsd ali stisiphai ceWyedl d ndhitele tdenadindg eairiede dfubghd hat is

t he_backlight of the liquid crystal panel is driven by the piezo electric
t r ahsf 0%{€%&ﬁ?ﬁ%qw,lq r?@q‘arle&@eﬁ%‘f SR LdtI% R réd 8 t he

The col G arhou i he e Gy abl e Ses o A R T L bRar € RePEERe e bt rent 15
rel ati véliynesrfely dededthevgc @ velr@ g munygniteviglr iogn ope widd idwtion
Additionally, changing hihe disiiibsd i, BYnber; Jecardling, (o MGy st pul se
wherein the tube current is constant.
20 In other words, the control cycle is A times (natural
number) the distribution cycle and the driving is performed A
times at the same average frequency, whereby a satisfactory
burst dimming can be realized even in a digital driving system
using the frequency distribution of the driving pulse.
25 Specific explanation is as follows. The space for the driving
circuit can be saved and cost can be reduced because of the
digital driving system. Further, frequency resolution
required for satisfactory dimming performance and lighting
performance can be obtained because of the frequency
30 distribution system. Moreover, brightness flicker seen in a
tube current control system can be suppressed because of the
burst dimming system. Additionally, there isnoelectric power

loss seen in a system in which a power source is turned on or

11



5 wdth enables to further Iower the dimmng | evel, thereby being capable
of enlarging the dimmng range. [Third Solving Means] As a third neans to
sol ve the subjects, the present 10 invention provides, as a booster
transfornmer for driving a cold cathode tube that is a |oad, a cold cathode
tube driving device using a piezoelectric transforner in which an out put
vol tage wail gﬁd' RuReRALdaneg; W 4.2 4L &d e%:%n%fce%%a'%p%tec\é%stea%% zand
including a data converting neans, a snoothing process means, 15 an error
vol t age s&btehatinnghieansheadtigdungnpylset tsngurmadsonaotr eqiencds di vi di ng
means, a_,controller, a byrst pulse.generating neans, an outpuyt enabling
neans an8e3C56§59 %%%Y?Tﬁ?ﬁbcﬁﬁgﬁg} ?%%g%lﬁbgh%lmﬁﬁligecgﬁFFgﬁhéalBQ t he
sane manggtlasahfosee ivurdsie dikShgMeanser AbEREH Nid R i¢H &heonyertihgy 20
means_detects current flow ng through the cold cathode tube and_an”i nput
vol t aye 6?Qﬂﬁ§WRﬂQﬁééﬂﬁédﬁighBé%ﬂﬁPE%ﬁ%%?ﬁ§eﬁW@“ﬂ§$ﬂ@tPEW§l§Uﬁﬁémt val ues
into digi t a [RVA ! t pel udes,
as nem1s%&%%?ﬁ é?h%ggﬁgﬁ?b%§%|?gﬁ??%% 2}g%t?%ﬂgﬁﬂgﬁiﬁghééékpggﬂ&ggc|e

swi t chi ngheetunise amdr 2énfa th e rprishaet swiithchiiny deamsngt heselhavbng t he
follomﬁng func&ions. Each nmeans may be achi eved by a software or a

har dwar e*°8rrs hybrid configuration in conbination with a software and

hardware. The Aipghifiorabdet e6dé ne tRATS rdet 8E4Ss lic06d 1108 thieoBubhec88 out put
fromthe data converti ngarreans and applies a lighting detection pul se that

is tife dbfedtdd thesarpPotblRAP ERFRTDIMERS &S soRt Eda hee Frsared &ha td@Pmi ng
| evel Switghi T Lhchi ' ' th
eve S%&&ﬂiﬁ'ﬂt%@ﬁrr}tsal%ge he aggsre& B‘e\/%h%oﬁﬂ”eﬁctf%g% foil f‘i*}laawﬁ%evef e

nunber of tImes synchroni zation wt ng detectron pul se
out put t edf fmoht i ke | ¢ Ghthen gl idateidiv tnigpmeyesd eandRappkepset he made to t he

frequency, settin ns. ,The dimm.ng | eyel, swi tching neans perforns the
change- o%ﬁJe‘Fs beJé véréﬂ‘%fll‘?é1 eFH@PId}}mgBﬁI it edeaF AP Rg Y%@e?org‘ﬁ%r‘?h%g
separ at etlyi §esp&iabi 6. | engle ispenyitaiiaanivzatl e teickh ohherildtght i ng det ecti on

pul se outputted fromthe, |ighting detecting neans, and applies the
r esdtt amdletel ng ore RS bbF R I gEtered t Hyl Helits . By 43§& configurati on,

t he di nm V. S r j | tfﬂﬁ i I of the
10 col %ﬁ%%ﬁle%%%e?%ﬁ %%ﬁr%%é%ﬂ%?%% ne%ls]g%%ﬁ(sa@o(?eveﬁ%/ éet subj ect s
conpar ecbtbs¢ heeriérat impansaras eandhathe heorctond§ guimaitriprpwie t freord att tze

converting ne s qjfferent .and.the |ighting.detecting neans, control
cycle sﬁ%%f%#%%an?yar?&ijﬁs 'nr?g t}heevéjlat%Sag\ﬂ%tlgﬁi ﬁ@nrrg%ﬁ’ €aréd new y added.
The dat sa €OWRIH O iMRADEe NBSr ot PpwnGlel PDAEh, deiegiriend etthehe npitimMmod t age of
the cold cathode tube in addition to the function of detecting the current
f 1 odi’ng tH¥SUPETIHRE ol & AN R T it e RS CaRe PG KA t hi rd neans
are the Jiphtidg detecting nmeans for detecting the 20 lighting fromthe

output fromthe data converting means, control cycle swtching neans for
changi ng t he dunbeafefaktlieresde iim $Hvectabeiezdts dmaki tthe saddtghitrichg

detection pulse outputted fromthe |ightdin tecti | Jrmi ng

| evel sﬁﬁcg%?%gmﬁsgﬁslﬁgrongé%fl re%i tf']% t réflog a%lggﬁlg\fg%g%éﬁg?%e%eﬂﬂernaI |y
25 aﬁpl i gl ai}erﬂa'gﬁgudhmeﬁlns?ndhrhe sgea&giﬁ@yméa?s cﬁsrmhmémte]hl/ imsed |
synchroni zation with the I in etection pulse. The cqontroller, controls
ho2Bontioh SHAGE i Lehah BheaaHBAaYT GRREETS BXRES bt G nod

number ofoitd MRS HYJA dube thattlhial al Nbaaer notid ess ydhatbedd athdtheisame
frequency i ke the first 30 neans to solve the subjects. Reference is nade

to Fig. medy ibe sierdisesi mash Bogagdr fhéEerarerneof kMNRS e Tonfdlgurati on
of the tbhr'irréxtrﬁee%nss pr:[e(c-E@e.Lo%nqcét r%séﬁ%cﬂ&aéﬁ?ﬁ%o@%%di%e‘&.l ustrated as the
aver agi ng ans das ‘1ts one exanple.
In the first means to solve the subjects, the controlling
30 process means comprising the smoothing process means, error
voltage calculating means, frequency setting means, frequency
dividing means, controller, burst pulse generating means and

output enabling means may be achieved by a hardware or a software s
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A preferable node in the third neans is that the nunber of tinmes A show ng
the control cycle set at the control cycle switching neans is set such that
the nunber of times A at the starting is smaller than the nunber of tinmes A
at the lighting. 5 Moreover, a preferable node in the third nmeans is that
the distribution nunber at the frequency dividing neans is changed over in

synchronj i j t i.ght.i ng .det ecti.on, pul se_o utted fromthe
lighti ngén(?jgziﬁ eh%%!g& %eoélr%{;duar%glt%rg *d sctoFllE)t%lr}Fit&ﬁmcﬁ?gl gggtﬁ?ﬁgwifﬁr??ﬂg is set
smal | er sbfrwihe. 1Rediertandautiisomaziecite atig.heof uld thiegkirivr@infent her, a
preferable mqgein the third neans is that the dimm ng | evel sw tching

means ofpREELREi 1A Ay FRRCEINENT et AR 1006 It st @k 4%g when t he
l'ighti ng,dgtess iRdapsll 5& QM pded§romdhg,dighting detecting neans is 15
a val ue showi ng the non-lighting state. The operation of the above
confidgur ati on A diggifottvasal THemliamideyitevedunned the dacs thputskd wi dt h
are corr i e ot he When the burst pulse is effective, the
pi ezoel ec%ﬁ%gef \rlxti‘al%gs.| o&n&léég O(lijer‘lrl\/v(\“heen o |l IL{'Sbea ocf‘fea—d%er{tol?rhee 20 cold
cat hode d¢atbfigdfatien dbiweBHerpbvesmbawi anddtdid juats. prhsel Wyeid is
narrow, the |lighting performance at th% it arting is unsatisfactory. The

t

third meansSa SSamai SREUCE i REBIRST 2t A SULHE Bk Pediede di R i s set
somewhatc e SUBES tha AR aVBaak39RRWNaE Phghy fiimd ng jevel @ndhe

dimm ng level 25 switching nmeans by fhe tinme when'the lighting of the cold
cat Afde anmbeths qald i caddhodwort uhearptie inthelaedtime pvinelthe amveo Z000 to
achi eve Nt | NUo ri.ViNng. . Thi eration G sure .a long tine taken
to appl yn%anct\?l(r)ﬁ rH';l&g;e&fsnof'qtdnuefaco e a‘frhegrpel uttglee fﬂ%%%ﬁee%ﬁ “szoel ectric

t r ansf orteans farmidret n threcebticaalhoeiect woé 8r3@ ingtdaatdet ssdatiedted he
control c%cl e swi.tchi nﬂjgrreans whereby . the, |i is detected within the

burst pliS&hf FHGCERER KUGEmi Pe %hwg&%i%}g NG A4 n the

bri ght n%%faﬂlm@h@taeﬂsyiafmé ddmey |da&'?1@d@gth§e5él'99{r§§§e&hvi‘/g@ﬁuéﬂ%%ube 20
current flows t'hrough the cold cathode tube by the conpletion of the

| i ghPi nd:hea éaviegienig onede cpnidgnsahs odel 8csepp hied i ghtad iy idrahigentrol s
th t r-al i £ chi , i mmi evel, swi.t Ghi ns . Th
e ConddnditCLE s A6ALP-BRaRY Bah AITLBG . Sel nswlaina mans - The

dirrm'ngeieve IS pro to a desire eve er the
det ect i axranfs fidrendd,gbbdithgrdBy tbet Aol tihel d emmehd delvedesor idogdissdione, the

lighting perfornmance i.s satisfactory even.if the dimjng |evel is |ow By
control ?‘i*‘r‘f‘gbfh%h*&lil%?Fil&Yﬁloﬂ% ﬁdhb‘é?gﬁ(ﬂ%aﬂﬁdr@%ﬁé‘%l%‘éé&w&&?]t he

lightinggrtiection pulse fromthe |ighting detecting neans to neke the

di stribution nunber at the starting smaller than the distribution nunber at
the2ful | | i gh®icegrddmdi ¥o &g R¥epert daviea tivde ShoOPLISHadiN8lATKEYht ness
change | WG 4L Q, 4 I [Hyesls l:i.ght i it Y, ;apd obtain 15
a sati s% tgcyoé%} lIzi%g tbl}ﬁgd rtﬁglrl%]gfre %%\ég-ﬂé}%ﬁ%;i%g%trﬁicr gkﬁggr@%gg rsollf/Ee t he

subj ect gidtilta lcdnivdhligys Erocssisgneaa s reamanicsi dgsthébsmbonhohighgr ocess

means, error. voltage calculating neans, .freguency settin ans, .frequency
di vi di nG*riedRs, pg@%?rm }ZBF,PJC%#‘? ('J:Iryé:‘xs}(‘:"lledjs f%}’]idr?d’%?eeang,wrgb&di% ng | evel
swi t chi Rg1REaAShobEl ShbeUISEr geNehat bAgkIEgAS and uitdyuienallyistglimeans may
be achi eved by a hardware or a software or a hybrid configuration in

condb napede loft st H& INgRdRer ENgnBieGPEREFEr 1A EraBSdoERgStal di spl ay device
mount ed Srtﬁ)ré%ri?tigatlﬁ cehd %?e%;ﬁ?elﬂ%?/e éts'éQ@u‘Eﬁbe! ggqqgweae £@avicpg the
udes a li1qu

above- mentioned configuration inc id crystal panel, a cold
cat hode nedles sblrgt dimmandack] bghtbofindd, Whguiethyctistair mrmelf lawd nghe col d

Cathode b 1LY 19 e R NRL G e A00NES TR 916, CQULOYERLON
the tube current is relatively small, and hence the dimming
30 level can be made low. As the secondary effect of the digital
driving system, reduced cost and saved space can be obtained
by the formation of one chip with other LSIs, that contributes

to miniaturization of small-sized imaging equipment.
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30 cold cathode tube driving device is connected to the cold cathode tube.
According to the liquid crystal display device, the lighting performance is
satisfactory even if the dinmng | evel of the cold cathode tube that is the
backl i ght of the liquid 21 crystal panel is low Required to the

pi ezoel ectric transfornmer for driving the cold cathode tube that is the
backl i ght basically are di mm ng function, |ow electric power (high power
conversion efficiency) 5 or the like. Further, its source is battery in
case whetg&etcondsSasedng nMeans bl e equi pnent such as a not ebook- si zed
personal compufer_o digital video canera. wever stabl e source
cannot be obt ;Jz%%e% %?/g?rh%g%%‘?rf%r'@os% % e UGS, ST $i'5ht i ng and
st abl e phreencOOY @raivariesf,f &€iebey s et vards i e lBop el v M) hags1gange are
desi red consi dering gxﬂgaying attention to the battery source. As a

countder neRALHPES TR st énbenti charild erERCHR dpBselravieohdevies
Chang'ngu@iﬁ%“é’ﬂfgidéfgcﬂﬂy%‘ﬂ?éﬂéﬁ%fﬂ%rﬁ%ﬁOQHQBH?aM‘5@tﬁu 65Wf%ﬁéquly

voltage in an analog driving 15 system wever, in case ere S met hod
i s perfovaetes nimadicgirtiahcdrivvimg Systierncyhef ragsahpitomobtagbe aludy ratio
is rough, when,the clock frequepcy is low, _thereby.not obtaining a

sati sf ac%%?gu%%'?q it Frlﬁﬁée@ g?’é?ﬁégtr?‘u%a%ﬁ ’o@ksf“f’t?gﬁéﬁgypf‘aﬁe§§§ﬂg%n?’ne

resol utigomerdlr vbleayseamidgraastinebhelid MAWRendy gttt NEEaasAds f adi at ed

interference, thus unpractical. Therefore, it is desired that the duty
rat it8 of2 tReEWHINFNF P GG HPasS ad FAEF I St & S ofPwsssnal | as

possi bl obtal ni s r rif rmggﬁ% I i e power
suppl y ?o%rt?%%e rrgdnge%Z% Fourﬂl@#r&etgnéshagﬁlduﬁle fo \(I)gvl\'n}dqngéqrioe{)rgsldto sol ve the
subj ectanwfifhiend mesatts orttdest mdrats |katierg aron fdoporey itghethe rsanieew of t he

above-nenti oned subject,. a ropose a duty contr.ol stem.in di gi tal

dri vi ng "§/¥%maA tHotr® dét erg]egrtgﬁsﬁzg TGF erf i"E STy ftRe éﬁorﬂtrfé’lta]‘oel? ealize a
col d catdwderdiube il icsmgdle\d sl £apidig 3 thitHe & peWelriSUpRy i vol tage of a
wi de range. The present invention concerni ng a col d cathode_ tube driving
deviibe ineNfnEIe@PEedeEesuppR] Aol ddBedarh atd ok is acvasidetedasldlees the

above- e | QAR SIS Y (AKING diBye 28 cyfdlld)oWng PaseR [ Fourth

Sol vi ng Means] The present Invention of the fourth neans to solve the 5
subj ect Eywanardes ancolfd rthehodedt sheibivi vomnuevd cad it igenaresires a

accor dam I A TROGIRNEY G rat s ABSonaing (0BT or onte |
bet ween carergdract r EpeatiiBiiob1ln, athel disathpdeibnbgukbat k&jastead of a
P! e%gel ?ncetarr:scsets the values of N and k that determine the distribution
cycle in synchronization with the burst pulse width outputted
from the burst pulse generating means. By the above-mentioned
configuration, the dimming level is controlled to adjust the
brightness level of the cold cathode tube.

25 Compared to the first means, the feature of the second
means is that the configuration of the controller is different
from that of the first means and the distribution number
adjusting means is added. The distribution number adjusting
means may be achieved by a hardware or software, or may be

30 achieved by a hybrid configuration of a software and a hardware.
The controller in the first means controls the control cycle

such that the driving is repeatedly performed given

predetermined times A (A = 2) at the same average frequency. N
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10 transforner and a reference electric amount, and then outputs the
generated pulse to the piezoelectric transfornmer, this device including a
frequency setting neans, a frequency dividing neans, a power supply voltage
detecting neans, a pulse width cal culating neans and a pul se width
adjusting :;leans, each 15 of those neans having the foll ow ng functions .
Each nea L,eye .Qr SO e, _or a hybrid
confi gurgﬁi%io%%ce%cngfﬁgf icj%lfrqé(ocfaorgﬁ{uogr V\r/grl?e)l %ﬁ% Sagés%r\ﬁ ﬁn/gragl.s ‘fﬂ%&?gauency
setting heammrital nycdevsutingheat tloe idxfiorimat i orr e dtedihepdefuirngdpul se
fromthe information of, the 20 difference, and then applies the obtained
i nf or mat PORCE P ??%@fﬁilﬂie\ﬁ fihg AbahRe sifng aves afiedf REGRPREY a~i ng
means. ThReteequrncy di vadisglEeaasudr 988681 Ag 0t St EhOULEsOPi BYE $8n (2
driving pulse for distributi nglh\g frequenc%/_ dividing ratio) that is a pul se
I b

for di st¥¥elei nad¥riniadicy di ppr Havt bopayuErbPes adjus tihe @Rendi ng
ratio i nf origt] Pk ddedimbigef MAMSAC AP % IR0, A TNBRAVRS nSUPRLY

vol t age detecti'ng means detects a power supp?y voltage and appli és 't he
i nf or mat dost nibtheoposeclsujppl yynchtagezd ol dimew ptih sehav i hs capelsat i ng

means. The pul s i dth calculatin ansg cal cul ates, i nformati on, of 'the

pul se Wi ‘({.ﬂ'ﬂ&&f %fvgterfee”cﬁesf‘?i“tﬁf{ei Bﬂ Eg]fﬁsz Jﬁhéé‘oe@b%ci”?%t ﬁ%?cgh‘a%ﬁiy

vol t age iafer nedhorhing the HONELgStPPlon Vof tage getsed imgaeans and the
dividing ratio information fromthe frequency seating neans and applies the

cal & at Ber et or mefiegencs ihaasia e Wt A (2goncanp irgitiyp thisAasvaike pul se
wi dt h agiugi‘pgrmggpé produces an extended pul se having a pulse width

obt ai ned by extending the pul se width of the distribution pulse based upon
t he pul se wi dt prdfrmeilieomddeont hehgpuesmnd didurcalicultdtdtngeans as wel |
as 5 perforns, .a change-over hetween the distribution pulse and the extended
pul se baije%t{fptb%lt% S éP\r%%ilﬁﬁo?IﬁﬁWo‘i{Fta?ﬂmt%tgﬁﬁﬁigetﬂ ¥ esul t ant

to a drigid tela8nent @nthel pivezeebectké st nRet eseneeahs made to
Fig. 21 in an enbodi nent 4 described |ater concerning this configuration.

10 Be oberegrestiore tfi §heovid i garthtithati defsrnonpswehe THes il et gt h

cal cul at 'Bg'tglé}ieans applies the pulse width information according to the

det ect ed “power’ supply voltage to the pul se width adjusting neans . The

pul se wi dt h i monedses ian ppreifecaple asdehénpoherssoppd ymeah $ age Hloers (see
Fig. 24)_ .. The 15 pul wi dth_adjustin ans_produces the extended pul se
rom t helif SEURIA 67 BUFSEOTAECREFT 18 21 Beisd eif oM SHO B4 o™

di stributitantpel et ard the wxienged sepubsepbased i thBebprsseuligh h
information, i.e., the detected power supply voltage, and then outputs the
sel 88t e PVHE A &Sk ng el enent of the 20 piezoel ectric transforner.
The product i 0l obBea eXLATPHRRULSEy d LA { 15 E SLriFaULI-aR 1R $€ 5
digitally execut ea%) Aapuf)seragbt ai ned %)y S ﬁ}ﬁ) ng tﬁe ltd,i ﬁ] né of the

di stri butdldrowsul séni srgeodticedorThetpyl dethati hhet beeshget edrrenkng i s
conposed. wi t.h t initial 25 distributiagn | se. by .takjn | ogi.cal sum
resul ti q%rﬂgﬁﬁgﬁlﬂé t?]ﬁec%&(ﬁigﬁ%éa’dﬁutf@%e ﬁgg;%n’gs él\ﬂ ’hgéféé:ﬁ%’m[rhan t hat
of the (iias?é bt boRipUhes of Ui eXisendedtivnseyhas asptd§ei véd: h mxt ended
by a_period of the shifted timng. How mich to shift the timing is

det éPni Ad® Based UEBASE hENPUPWES MiRRIFS WG Rl PoRhe30l ERF re M AIAHF to the

det ect ed; ROWRS SHRR! ¥h¥0higge: ikl dhesyc Mhighicene sbseagk eches frpm t he
initial distribution pulse and the ext'ended pulse is al so determ ned based

upon t heepuirse tiiogt n itieok oree ¥ dimiByof fihe it levhd . drThe sgqeiise havi ng
i Gt ol FEBS o roa R Bl e ThES porroir b S Y Rt IS e er
as possithleedistribution number N (distribution cycle) is changed in
30 accordance with the burst pulse width, the number of times for
driving at the same average frequency is simultaneously changed
so as not to change the control cycle (i.e., cycle of the burst

pulse) even if the distribution cycle is changed. Briefly, N
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This configuration can provide a driving pulse having an 5 opti num pul se
width in a wide power supply voltage range even in a digital driving
system The resolution of the pulse width can be nade twice that of the
distribution pulse. This |eads to reduce a power consunption due to an

i nprovenent in efficiency and to prevent a break-down of an FET or 10
piezoelegt%ic transforner_ because of a surge upon driving the piezoelectric
transforfer, ¥ Hg?%%yc%???lﬁ?Eg a great effect. There are a nmethod by

| at chi ng at a Fendissgredgetlod datekadkn dunRihofle uhisty idudglaayceteapnt and a
met hod of C%g?}i ni g%th se nethods in order to produce a pul se having a

tining SHR® (R % P FETAPL$ 8 RRGHIEHEFSet @@Prﬁf‘@sdb*tﬁi%\iﬁiéﬁabl e
mode | n_ﬁ&%é@U{éhsaexﬁ&ﬁ¥ar@h9§efahé O¥f%a1 Theu PY! $€ él\"ugicfh C‘%&#'@ﬂéng means
IS Confi/%il,”ed' t o out put he pulse wdth infornation obtained fromthe power
suppldy $ bakby i on it fisosmelé . podert uptihe vbbndget R0 deteentng neans
and the dividi rafi o inf A fr th uency setting neans as data
i ncl udi n%jégd%]g‘li'%gllsﬁﬁe% S ac%o%gg&plosﬁ%lr?guoct §“o§‘é‘ﬁ‘{8§g|les ¥3F§$s %‘?w%v%ifbck.

Fur t her , thded purhsreg W eltdil aolf usboung Tkans 1G0T asequfes tioe i itdgele a pul se

wi dt h shapi ng neans, a pulse w dth extending neans and a 25 sw tching
means. FEFRRATIST AHE Db % & SHLHIF S A5 ﬁigmf?ééﬁs%ﬁ&bééophe Butee wi dth

of the dis{dhiidd OMmPitSeiosd Mt eedu o it fdaaueNE i digflg means into
a value corresponding to an integer heans of the pulse wdth 1 nformation.
The 1ful seonpaiter dxr anil gy slaniy: nas sy aees st he” dutvp b ighgmetsisempdesbs wi dt h
shapi ng ns._i.nt X u Vi an d ul,.se w dth.
e or rbre B 25 ROEs AT BT Sl T SEARISBL RO reans
per f or TeOSD clranger@acar dieplesn thedbsppayedr ormrt htepubse wr dthe exdwendi ng
means and t he OUtspot‘ fromthe pul se 25 i dt h shapi ng nmeans i n accordance
t

W )
with t heVHUSDTe (h8 RRG WRPIRebhe PYF SERRU bEF v dlat f At BPRELTRAT and
out put s dhepkeabkbant neRafLnRNCethe IBde @S nuBebq LhakiB die1

enbodi ment 4 described |ater concerning this configuration. 5 The operation
by fhi s ayshfihgurambsr iof dsinfas s dridngl sty it iseamenditssrudarscylef i ned by
the number_ of the_ initi di stributi ul ses_existing.i ne distribution
cyol oAy PR BREREER R LD R I RS e RS- Dt wat

i s adj uHeattegnkyiahyiad) tisé idig thieutiishy hbubeon murketrdaatt vheh the

adj ust nent that _can be gade i onlgl by the naéural nunber_unit.

Speci fi GHUSE PURESpHF B v AL fiRxtC drdgte FNERAHTMIHRY di €15+ b S E N Unber N

i's (N +phingWidgadite dulesa MAty e Sidlingy Adhre the distribution pul se
IS éN - 1). On the other hand,” the present neasure is to adjust the pul se
wi def at a | efeprafepabla@madent i'thepf deet meem shjyorsed icat e Aubiafies unit.

The pre%?“gg%?‘éﬁ?oi/\sgx%y Yj{x{%g#%%e%@%?éﬁ@ﬁté %%%‘h%‘&'}%:dg%?hi&?aﬁa#hge

descri be rating from'another “angl e of view.
pr esent dawerdiitdrofranhe éHuddte neahs smosthed itsheasubpéet snpr anides a col d

cat hode tube .dr.ivi ng 20 devi ce that.generates driving.pul se .obtai ned by
i vi di ng S TGGcR et B BREQELEE R RRHIPReRtahsy HPsh CoRGIAs T h &

f r equengys tl M @nNgi & 8 1aQ HeRtSYPREEH §d st Br v Hié & ForneLl Hel aeehg aheel ectric
anmount in a cold cathode tube that is a load of a piezoelectric transforner
and28 r gedireneeu s bEL o & 2NUSUPR S CANPOPSE REBN ISl Pt 3 FROTGEMRPATET pul se to
the DiezRals8Clhe Lians! AlRls JHl tpdevose bickuding puitequeneyRetting
means, requency divirding means, a power supply vol tage detecting neans,
a pul se cwindtrivId@lrc ulsatei g gseans anal Bul.seBwi adhiushapy ngheedata a pul se width

ext endi ng neans .and_a swi,tchin ans, .each, 3Q of those neans haying the
fol | owi AT HhTtiioRsTaR%R lﬂ@ﬁﬁ%ﬁ@%ﬂggﬂﬁﬂb%%y%%?ﬁs Ty %‘er atio
i nf or miy QR tas thet B mfing neveul secber,t heei Rbeemahieoruei-ehite difference.
The fredquency dividing means produces a distribution pulse having . 26
30 etection accuracy enhances.
A preferable mode in the above is that the smoothing
process means is configured to perform an averaging process (as

an averaging means). The averaging means is preferably used
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a dividing ratio of D+ 1 L times (L > K) during K cycles of the driving
pulse with respect to the reference dividing ratio D. The power supply

vol t age detecting nmeans detects an inputted power supply voltage. The pul se
wi dth cal culating nmeans 5 outputs the pulse width information obtained from
the power supply voltage information fromthe power supply voltage

det ecti Feans, | iadin .0, i N freq cy

setti ngnﬁ%ans asaglg?t%nﬁrﬁ é&gﬁgggrecéﬁ?ﬁgl}) %%gégﬁrgo??gtéégﬁld%ﬂgogéﬁoﬁggcycI e or
| ess of @old ockthdde tpubesahedtdtis 0 Istwahi njtnkansosbapest éddet pat set wi dt h of
the distribution pul se outputted fraom.the frequency._dividing neaps into a
val ue cdf?¥ %m;ﬁgaqedi éf'r?’tlﬁ'htné’dé[}alrn%&r]r%e&fm?ﬁgspﬁPSlL,OWd?ﬁ nFoFhati on .
The pul ser gt e &xteneh gl SR ANS SWET4 Bl N outddlti fdcom the pul se width
shapi ng neans into the extended pul se having an 15 extended pul se w dth.
One 6r nore pulsELRiSRIPEkREATS 1P pedhre theeSh tveed themoniwething neans

perfor 5 r J}’Sﬁs‘”ﬂ‘ ].gd;# i | dt ndi ng
nmeans gﬁpdla?%ﬁgfepéﬁ@fcrcgﬁt emﬁjr%eé)vu\% t ti%%%?ﬁ%?ﬁ#%a%‘reﬁlﬁce W th
t he val usIfageheadecilali ngemasnsf firmyymice seitdting méon st f wsy2énand
outputs the resultant to a drivin | ement of the piezpelectric

ranst oot R diate. Lo Taae 13 FPY TS sePR Aop heSRRBO R NETeAn ez | bed
later conggsud 88abhi fgeRHn OMs Aidodch e e ABbe drade dNatd¥rtware
above-nentioned configuration 1s that the pul se wi dth extendi ng nmeans

i nclldes adiyly ighs conféondpidenngnneanBipabioronfethe hawdwaxpuand rom t he

pul se Wj‘q}ﬂ”ﬁﬂaeﬁl ng neans into an extended pul se having a pulse width
extended wth the respective delay difference set shorter than one cycle of

the cl ock. Fud hégpid quryedter hblisphagedenitbencabovsd chptiegor ehéavids 30 t hat
t he del ay f.i ne-adjustjng .neans i,s confi,qur by a flip-fl.op that |atches at
atraili ré’d%echjfbea ch!lgfcwg I ‘F‘rﬁes?haé' g ?ﬂ&@?&%ﬁ'&%ﬁ?&@kﬂ%u on with a
doubl e PR iHOREBIIShEIudek! ai 118 @ stfalapehetk gatohe htraided

wi thout deviating from27 _ a designing technique of a digital LSI. [Fifth
Sol ¥Png g dhak fisf enPackAsIhs 81 Ve t hbdwipj @Yt abIRae k RdBdiRe5

mention 1%’%%%%;@%’8 Q&im%gf (Helvﬁ.;/@eng.]a%% UL ia%.o@egﬂée‘?ltqm e tube

driving device In a power “supp voltage variation is considered. The
pr esent domfemrtireart iohn,t i efriefinh tiheaps ezoedelore ich e renbjfecte mprhiovitdes a col d

cat hode tubge driving.device . .that 10 generates a drivin | se qbt ai ned by
G Vi di G O IGEROR 4 e A I 86 e S denEy PR Chebordands otf &
frequen@y tdiodedt Aige I atTiH @Q&ﬁ@ﬁﬁ%ﬂlé‘é} frema i blueparcen st Ieghertheel ectric
anount in a cold cathode tube that is a |oad of a piezoelectric transforner

and?@ r épettdrc€odidecathedentuie, IRy irRedegdcpuhavingt keegehevared pul se to
the piezq 't‘i%tnre'dccbg?\ﬁi‘?é%ﬁén .’ié"sﬁ;ﬁvf}lvi'e‘%?t'o%' 1 1% B d T isetting

means, a frequency I ng neans, ower supply voltage detecting neans,
a pul se thiedpoweal empdtifiyd ngearsnand ca dgdlivee tiWwedph eadpdsitmgcmreans, each of

t hose ans ving the.follow ng functiaons.. Each means my, .20 achi eved
by a hg'i&\ﬁé’rs O6°4 ' sof F\El?/grrg, yocfg%tlﬁ?/gtrt:h% %lonﬁl?li %ﬁgyfgnf?%aca#ﬁtngﬁ on of a
har dwar e hanglr Bglsori¢ sanevelhef bhetege iselbiyad crahe Dbdwidergistiadi ng ratio

information _as to the driving pulse fromthe information of the difference,
and?? heR2&§3I'i es the obtai ned i nformation to the 25 frequency dividing

means and pul ﬁ%c%gﬁﬂgﬁ@épgrlggéfé@er{@%ﬂ%enﬂﬂ%nf, ELIBAE Y + i Micfl g JaBans

produces a distributi (a driving pulse for distributing a frequency

di vi di ner aeird) zekat ligeatpel §é rsér mgpssr tbuspayeatheequbieytdirvicdi ng rati o
based ugon Lhe gLy ding, LoLle, ! OT LIRS f RS Higa¥encUrIFhtng
system using the frequency distribution of the driving pulse
30 in the liquid crystal display device in which the cold cathode
tube that is the backlight of the liquid crystal panel is driven
by the piezoelectric transformer. Specifically, the frequency

resolution required for the necessary dimming can be obtained,
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30 neans, and applies the produced pulse to the pul se width adjusting
nmeans. The power supply voltage detecting neans detects a power supply

vol tage and applies the information of the power supply voltage to the
pul se wi dth cal cul ati ng nmeans . 28 The pul se width cal cul ati ng neans
calculates information of the pulse width of the distribution pul se based
upon the power s ly voltage.infornmation fromthe power supply voltage
detectinﬁgﬁ§3R¥ gﬁ% ¥Hﬁrﬁ?€i§}%ﬁl?%t oY% o ﬁ%t?%ﬁdf?%ﬁ??ﬁ% Eug?ehﬁency
setting seabbe avénappbnesdeheak atleat @fe chf-eemdti PRel ot el pWnsa Wi dth
adjusting%gfans. The pul se, wi df h adj usti ng neans_produces an ext ended pul se

J . a
havi ng &} RenGe dthe obtankeY bvekt eadi g Bede plPke Widftitismaly,
di S| bUgh &g Db SendXs 18 184¢18% nihBEUCEScar dehavasd (il BErandpdelayed and
ext ended pulse 10 each having a pulse width obtarned by respectively
del ayi ngvidieh ginstrligsut o v ghhlesel andr exdteddanipgl sevdl, 0hsrepyl ksibased upon
the puls i ipformation froomthe pulse width cal cul ati ng neans,
perfornsg%g%ﬁggdégo%%ﬁga%ﬂﬁﬁ EWﬁe%ﬁ@Wf%%uf?%%apulse, ext ended pul se,
del ayed pul se and del ayed and extended pul se 15 based upon the pul se width
informatjon, and then, outputs the resultant to a driving el enment of the
pi ezoel ebth1%ed tPAh&F Y MeanRef erence is made to Fig. 30 in an enbodi ment 5
descri bed | atefg co i ' Iguradd 1K if %Il% m t he
fourth means Iises {lﬁ?{%q%u%@est%%vgldt @%‘? %?jnég&nsganéﬁ he p%rfge wi dt h
adj 48t i ngnweanson priclvé deist, t &is melnses pe v duees fouimses fof dihinging ppesldrom t he
di stributi,on pulse a el ects one pul anon | ses ,of four types in
total . I'—%Ehﬁl? epgé“%gr gg?ﬁ)lSdst??%UﬁDSf?igu(f%%,g?%{-‘uijﬁ gﬁﬂgﬁnguﬂ%‘gf%%vi ng a
pul se wihingpht yireddlediendirag sttbemew! sa whdth & dbepd W Btddgduti on
pul se, (3) del ayed pul se obtajned by delaying the distribution pulse and (
4 ) del St BhdNeREEAZEANPRISE- DSt AFREHCHGYdef &N AgPtikevektdte® Bl se. By
this confi tl.on, N4 i gh bS| r been
i mad 1 T P e B SRS B e o s a8 i ng the
t r ailbi ngreegeoaf val thoelca licvd agalrg methede: tfuleguenicyi sgt dengaeearist hi s
enbodi nent_ can finely. adj.ust the pulse w.dth.of the.driving .pul se by
of fect i vol 5 iy 1t EtY AP e el DA T et S AGEtho ¢ he ef f ect
of this gheraaasey renrddiergbyiial rerdbldpld mMyamul=sel W fidvdmn accor dance
with a power, supply voltage. A double resolution, i.e., a resolution having
preci si GHPRoEY ¥heeaitat $oh &SHNS APRY SPFHRE & Rvottdie &ife

obt ai ne%a%&{&%%dtﬁ&s%% { Qurdsh- JeRBEn s> WHEFEhY tRePih 88 Mridtdrcopy rol with

hi gher precision can be obtained (see Fig. 31). An effect in power
conglnpticamnaddteffectufmanipfdowangnth zowrieskedond dad hogdeat whe gadbecause

of the aqther_ inprovenents dn.,effigiency.c imlarl Q i . Exanpl es
of a pre@fnerlé]rﬂure@rﬁ?ée a\g% t%fer%fhlef {7 ﬁ‘gé:r%hé’?% z—'subfo%fnglylc%%sv.e%heq%u se width
cal cul atdgxparanse tareentiwgrness tiatoud pyits heland .seTwedtdld faaiid on

obtained fromthe power supply voltage information fromthe fower suppl y
vol t age t¥SR¥ 1 N ondgid caidl s e 1 DEAPAGS r &S BeY fESMRETen $ 18R he

frequenfay1§§f=1£mg dBans iy fdabasi neludicrg1derd 1@ls TR aRs nkon&oh & esRRending to
one cycle or Iess of a clock. Further, the pulse width adjusting neans is
con? b guredlimmiinge | Ligdee la spuiltsd iniad e agisapithg seedaging thel delleydng del ayi ng
nmeans, Q. 5¢l ock- cycl i n : sy, t chi SeroRecifically,
e BRGNS, CAEHE EAY HRyTEE R0 By DR IE RO o
hardware, or a hybrid configuration in combination with a
software and hardware.
The lighting detecting means detects lighting from the
30 output from the data converting means and applies a lighting
detection pulse that is the detected result to the control cycle
switching means and dimming level switchingmeans. The control

cycle switching means changes over the number of times A in
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20 width of the distribution pulse outputted fromthe frequency dividing
means into a val ue corresponding to an integer neans of the pulse width

i nformation. The 1-cl ock-cycle del aying neans | atches the output fromthe
pul se wi dt h shapi ng neans at the | eading edge of a clock. The O.

5-cl ock-cycl e del ayi ng neans 25 | atches the output fromthe pulse wdth

shapi n : trajki : I . pr Ln ul se.
An-oxt ondednrpnsEAE hRL A cRRTE  Shednb BEEeFRToR BHYSLIEnERHELRY 1) oG
t he del ayrpol skethiaght ing lte tadtpitg eamst badOappl bek -tye |sandeltay ithg neans

and the distribution | se that is_30 the output fromithe pulse width

adj ust i ng!‘fﬁﬂﬁhggyb\ﬁ%ggnﬁ H@Fﬁ?eiﬂ s @F%&H&u glljepYﬁJses‘sttcfrb‘Pr:‘Jf%dn?)%'M“§ aking a

| ogi cal pURFESRAS AHE ERSHGAL oS etlvelher Klekay cPHLIE AP 1 e bRmeHEPUt from
the 0. 5-clock-cycle delaying neans and the extended pulse that 1s”. 30

t he out pdeVELomd Hdel sePadkieyyl setled Byming sl iTheysehrehingtieans

out put s Y i : i e iLving

Ul 5o 1o Eha S U R B el 3R b R e R EBR EE 0B ShoT O men
| ow- or dedetebt inyatemnof drlte applliitespuhserasdl bannflorwal itenthe Burkew | evel
and the dixiFdi ng ratto IS Dé it tputs the 1g‘.;strib,ution ulse that is the
out put fPBnPEnB PEFSeIW dt'i*ShapiTg ﬁ%ﬁ%§¥"{ SN Mow- DI HY val ue
of the A1BiE1pid s@rWydih et forf aEFBEL QARG Shatpd RN R 13Re 1t Be dhyi ding
ratio is D+l, it outputs the delayed pulse that 1s the output fromthe

0. 5dibckeeyd| eaterdsi bigbereans. (3) Wien | oworder 1-bit value of the A-bit

pul se width i i I i I t LV di ratio 1s.D it 15
out puts the e%kgénggédég%ésée ﬁaﬁ‘??%ﬁ%gfq\%% I%gi%% ‘hgsju{r}]ge (%feﬁsen
| ow or decottpdiéd viad usheoff itrlsé Bebht pné sehati dible icohdigatraatonsodt theégh | evel

and the dividing ratio is D+1, it.putputs th el ayed and extended pul se
that is ‘?%a sfe%gﬁo‘aﬁlc{bq DRRDS, P ébgg%g%%r?éﬁ itg‘engggh%nﬁi 5%?6%61%8 31 in
the enbodeaRl SoflessT | HEeh & adel t SONES M ags tdn$ Sohiyraddon. The present

invention having the above-nentioned configuration can be described as
f ol 1dws $yitching meeingge Fe aevwdnoaadedanglhe gptai camnventiel gy asams havent i on

f the fjf . : ' i b
dri vi ng B IE 05k EeERatE LS, SN E T RNE 0 CREE. o ock
of a predaberin nedd{t Eopueneythia fuweor danoef wdteat fnequlenayuthtameli ng rati o

correspopding to.a difference between an electric anmobunt in a,cold cathode
Cube ¢ hel Loethe taton SRS Foerbtis FUBEr Il ard R afctihoe
el ectri ct iy HeandNdrbnefe QUigbting Beteenenatesh Pulree tettheipyezwel ectric
transforner, this device including a frequency setting neans, a frequency

di vi?@i ngl helankng drpaviere suppry frsim b daéeeeed vigr Bang means, control

cycle switching means for changing the number of times A in
synchronization with the lighting detection pulse outputted
from the lighting detecting means and dimming level switching
means for performing the change-over between the externally
25 applied dimming level and the separately set dimming level in
synchronization with the lighting detection pulse. The
controller controls the control cycle such that the same driving
is executed predetermined number of times A (A is a natural
integer not less than 2) at the same frequency like the first
30 means to solve the subjects. Reference is made to Fig. 13 in
an embodiment 3 described later concerning the configuration
of the thirdmeans. (The smoothingprocessmeansis illustrated

as the averaging means as its one example.)
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means, a pulse width calculating neans, a pul se wi dth shaping neans, a

1-cl ock-cycl e del aying neans, a 0.5-cl ock-cycl e del ayi ng neans, a pul se

wi dt h ext endi ng nmeans and a switching neans, each of those neans having the
followi ng functions. The 5 frequency setting neans obtains dividing ratio
information as to the driving pulse fromthe information of the difference.

The frequenc i Wh-di 1St il i i
y o Pk%ﬁgﬁﬁénﬁo@é oﬂvoc%ﬁe ghch% hiRHGI 08 ﬂ%éﬁhﬂgw{%% oul se

dividing ratio o ‘times (L < uring K cycles
with respdctimest Reshetiengnde dontdiodgcytleased &t fihe quowerolspymle vol t age

det ecti t i nputted | | . T | i dt h
ol cul ot TRt hERES, 89 440 RAEE AT 2 RBibet ok "Ched et 3 1 he
pover suplay tielgt fgesmdiflameheanthé erindee: peveinsspphy i tagatdelect i ng

means_and the dividing ratio information fromthe 15 frequency setting
means®as data MREPGYPRg BeBFRAELARARSICSE r b3 iRty 1 Mere oy @ &hat | ess of

a clock. +fhe Aw$8 piirdbi flke}gswga%e%ﬂ% %%gﬁénkg}edewgaﬁnw fkangf jihe

di stribution pul se output fromthe frequency dividing neans into a val ue
cor r espordiengeto oarri nnegencheans zet ibhewptthsehei dibhicnhgr datieatnio20 The

hapi ng FUAE SECPRGPEadTh) SAGe o8 s BPoLkCCTRAS. BEERaCKBgcl B del ayi ng

means | atgeBegibheieut pytler am the puhseingydib sBapspglmeanshah the trailing
edge of a clock. The switching neans_is_configured to have the follow ng

f unck® on8iSE51PYf iR RYFOR éFgéhelfBil_ﬂ vaphEiBe-the A-bit pul se width
| nformation i Spgleh@W, ':fﬁ?r'?fgﬁgbﬁlé%g&é“iq} EHertﬂﬁeizgdr b2 als i% %tptﬂﬁ'% Lhe

output fromthe pulse w aving neans tot Iving el enent of the
pi ezoel edimnéngr dnsedr pritchhgViheankooubpdes 4- Bimmyagudevélt he A-bit

pul se wi dth 30 infor hon is at low level and the dividing.ratio is D+l,
Pt out put soERseblc B tpEnroReshusty BEXTiyaIEnaRl thpnb RRRAES: ot he
driving ekesenton(R)1Menthawredderon-id 1¥ghtienaf détec Ay mgsseswi dth .
32 information is at high | evel ;and the dividing ratio is D, it outputs
t he 1%gi BaVasduf shovhBIoLRBURCRT bhFRREND. SLRFBck- cycl e del ayi ng neans and

t he out put fror?h%r@%%tsg]wo@ leh%d%ltjlg{;;%fkg?réﬁg}ﬁ:é@i&rb?.hsdéisViEBQlSlvgrfem' 5 (

4 ) \Wen lowo It value o se wd Information is at
hi gh | evEheatidntitey dieviedi awgd tétel buist Pril se widohpate corerelledgiechwisbm of t he

1c ock: B98P cORaP Ay Wbt (5 iTe 1T o & AR ver0 i swi f chi ng means
is configueededsceeserthatkabover ilsSaxtilebotyi silgpMeansblitage to the
20 cold cathode tube. If the dimming level is low and the burst
pulse width is narrow, the lighting performance at the starting
is unsatisfactory. The third means is accomplished in view of
this. The burst pulse width is set somewhat great so as to
achieve a somewhat high dimming level at the dimming level
25 switching means by the time when the lighting of the cold cathode
tube is realized. For example, the dimming level is set to 100%
to achieve a continuous driving. This operation can assure a
long time taken to apply a voltage to the cold cathode tube from
the piezoelectric transformer. Further, the control cycle is
30 set rather short at the control cycle switching means, whereby
the lighting is detected within the burst pulse width at the
MIN dimming. Consequently, the variation in the brightness

immediately after the lighting is suppressed. When the tube
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Si xth nmeans to solve the subjects sol ves the abovenenti oned subject by
taking the follow ng neasures in a cold 15 cathode tube driving device in
whi ch a power supply voltage variation is considered. The present invention
of the sixth nmeans to solve the subjects provides a cold cathode tube
driving device that generates a driving pul se obtained by dividing a clock

of a 20 eh%sésk%rm&g fﬂ@?%g aoagcgggﬂaas %klgec t%%qesaﬁgf_eg'lv' di ng

rati o correspondi ng er ence Ween an ri c anou a cold
cat hode Dﬁbehehéugh51agtoadeoiighpiagodEEettingtmaaséodaEECaBdtaereference
electric,a then o s the _generated pul.se to the |ezo | ectric
transforﬁégggfﬂpsaﬁ 889958T g#ﬁdFﬁﬁtg ?réaﬁiﬁcgwééfbfﬂa Wﬁaﬁ 8

f requencyiflinyhgi DgveBaS. t ch PBVRIe aBNP! Yh¥ O i@eEn g etaedl 16 ﬁ?@ﬁ@tl? pul se
wi dt h calculatln nmeans, teﬁgulse wi dth distributing means and a pulse width

adj usting F’ré&ﬁ§ R KISst Heh Sé MR BEs LANOE L ke e I%erﬁ?djlfqm@tfl 6hs . Each
means may;QRe 2R41 e\’% e @ Qe rfr e c?éésféM{d Hove N
0 a har and a so

configuration in c ination o war e tware. ’The l%'frequency
setting hbghtioptpdmorianch ng satisfaoforymvieonidstiio dimaidg Yemglpul se
fromthe, |n]‘L§rrrat|on of the 33 difference, and then applies the obtained
i nformatton~t8"t he frequency dividing neans and pul se width cal cul ating

means. The fregyensyt tbM thdg Heans tprieditdes autbstr ebyhsemngumgnéa
driving ulsgfor distributipg a frequency dividing ratio) that 5is a
t

pul & f agpdt FPBUL FRE AlPRBti@ st ar vian ngutee i broyasee tHeddi vi di ng
rati o i niorgati Ry nfd018 Es%afuee%swséﬁ!ﬁwi%mﬁﬂ%erw t"ﬁ%pétgfti{?é vol t age

produced pulse to the pulse w dth adjusting neans. ower supp
det ect i ngnakdes Wearedthe diptwebusippl yumbet afe témadfa;[im Leéghthegi, nfor mat i on

pul so i o PCRTt b1 T e RESeLPnbP & BA0 TR Akt A “OF et BOPEc i ot of

t he di sttrméotnumlpuj seobtals@flemuaqmmptﬂwaoevxmgtswp@ Ypuedlittagentandiet aesi on from
the ovver Sut?f vol t age, det ecting peans and the dividing ratio information
from he&l 1%2 %%‘?J‘é‘h%y g reirst ARG i es the cal cul ated i nformation

to the pul se wgtheoigtfd %ta'n'égtg%%l%e fhe Mﬁcﬁ’! AdtRediShfi by { g Means

inputs the pulse width information fromthe pul se wi dth cal cul ati ng neans,
i NCr eas 3 PRS HUNSIN i GRMP T ¥ orgretli @ remao tth pre deteres hateansi mraew t hen

out puts t 0 The pul se
wi dt h ad‘j;cgisa?%%g C%ei?#sl%gé t?srtngggﬁéU%%?e%%rgésgts%@gﬁ%tgﬁ}é‘égl s?‘raiﬂg 1|1%1'r11 ul se
f rom t hedfvidirenayeah s/ cbmg:zrrﬂa]mx Acoardialg dya Ideswaittqiuing mesande pul se
di trlbutln ans and outputs the resultant to the drivin | enent
of “2e T ibe e abTed 5t BRRES: e BLSC e TR P FPGh BN an
enbod| n%ﬁt;ﬁ&@éﬁﬁbwﬂé rde"ﬂrﬁsrm§9mféeé6hﬂ§vé@|b§/ £0Riguratd P8 . syt h means
provides a systemin which the pulse width i's distributed at a

pr edet erd¥ rrediydyrdice cRoE igbratarngia FeBBEDRF6AN0PE at il Rer dtaye aandin
average utse width in a driving

A liquid crystal display device mounted thereto the cold
25 cathode tube driving device having the above-mentioned
configuration includes a liquid crystal panel, a cold cathode
tube that is a backlight of the liquid crystal panel and the
cold cathode tube driving device having the above-mentioned
configuration, wherein the piezoelectric transformer in the
30 cold cathode tube driving device is connected to the cold
cathode tube. According to the liquid crystal display device,
the lighting performance is satisfactory even if the dimming

level of the cold cathode tube that is the backlight of the liquid \
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30 pul se during a predeterm ned cycle, to thereby be capable of obtaining a
pul se width adjustnent with highly enhanced resol ution conpared to the
fourth means and fifth neans described above. This system enables to
performa snmooth duty 34 control with respect to a power supply voltage,
thereby inproving a driving efficiency of the piezoelectrictransformner.

This gre ntri byt t ower reduction at a backlight nmeans . Further,
this sys?§#¥§§% %@nﬁge %iggggnchronization with the 5 distribution in the

frequency divi teqgiredito thheriswoalactrniint ngnshernen\feit d phal ngftrct .

Addi tional l.y, it,can be used wi.th the aboye-nentioped fourth nmeans and

fifth me&fdd ?ﬁ%heaﬁbg‘ﬁ%‘?i@?ﬁ%ﬂﬁ ﬁb?eb§9§¥é%t {Eaﬁ/b?i‘/lJeY fod LG

i mpr ovi ng ugchli ©ing Ntk elec/c\rﬂbg{cﬁ@b:mign%de& EB8vEE X bn BN iR SAl ve the
cal cul'a

subjects is that the pulse wdt ting neans is configured to output
t he pul s@rwtlehlikeor T BILas AhispudaealBaBatt epynin e gRowdre sudsl v
vol t age i;nf 1.0 .y ding Q. L ion. 0 i t he

f requenc§/LIgd‘ic‘)‘%/?%}lrgl ?reég%kéQgerﬁhphng%nr{lgﬁ?hea%pér%%év?édélﬁ%d% %Cﬂ%ﬁgﬁoﬁélﬁeans is
conf i gur edmpoteut puta dital it ikt bymaddi. ngHdwévet hea ltgivler deurck - n)
-bit data_of e A hit, pulse width information durin th root of .2 of the
distri buFFBHoﬁi[}?%@b[qﬁe“%dnég %%&’é&éﬁtréfds%‘g}r%e AU b PE 2518 he
A-bit puhsehtidghahdf Sramide Powed0cdhocpEesaNt f fiweahépnvofnihe siigeh neans
haV|q? t he above-nentioned configuration can be described as follows by

i |1 us? r aPPHETFYORT2HRERBECAT] Ee6f refcen sHHe Bk BitPa YhBLEERNSA OPhe si xt h
means toygokyg BQStéE?j§8E§FB(°VideS a cold cathode tube driving device

that generates a driving pulse obtained by 25 dividing a clock of a
predet er mi ned Rseguenuptenmagsordantkenet hasa ¢oeyeehignallydbagnrati o

corresponding tq a difference between an,eleciric a nt i,n.a.cold cathode
Cube-t haPPBIstl e ial HUEE sBralie. A P ThErt e Undhe PBATABRcEnG ectr o
amount , aadotbeAceul puh cHO@RRICEabpdyPubseatd® IharPbaadeedttyengd0

transforner, this device including a frequency setting neans for obtaining

di vilh ngSY&tEB- i MR oS358 FRETAr P AgHPNIeR s dnrdesmast dfndti on of

the diffgkge ; e i viding toBr C Lst i bution

pul se haégﬁgegldﬁaﬁg?ﬁg $g§th35@th¥g%§2§E£€ﬁt?ﬁegﬂ%Lgéti)géﬁ%?nggK cycl es
of the droughgwpeahsehaidlvclespestudaneyt he defver Eheeebiyvindingbtathon®, a

power supply, volLtage detecting means _that, detects.an,inputted power supply
Dol tage. Zoebet SEaParh R e A te Tt TGuEharE ERECHENeE 88k i
i nformat hesuas #hditesdl vt basedbupdn haspewehcsuppky ¥oktage pawvermation
and the dividi nggr atio informati on obtained at the frequen%¥ di vi di ng

a

meartd af# Anphfagedi HEAlaFed riDLET hrfRehs thas WUPHRES G obt ai ned by
addi ng 1thertherbi ah- 05 @l%rsi(rédneha'githedﬂ@y oht 1 B At helaRWisRy phass

information during nth 10 root of of the distribution pulse the tines
represented by afzusbedotdeinkebyaldfof has Asmeltl pas seoss Hehei F®Br mat i on.

obtaining a satisfactory performance within a wide power supply
voltage range.

25 Fourth means and the following means to solve the subjects
of the invention described later are accomplished in view of
the above-mentioned subject, and propose a duty control system
in adigital driving systemwithout deteriorating an efficiency
for aiming to realize a cold cathode tube driving device coping

30 with a power supply voltage of a wide range.

The present invention concerning a cold cathode tube
driving device in which a power supply voltage variation is

considered solves the above-mentioned subject by taking the
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A preferable node in the above includes the foll ow ng configuration.
Specifically, the pulse wwdth distributing neans is configured to
distribute a distribution pulse such that 15 the duty ratio of the pul se
wi dth of-the distribution pul se becones approxi mately constant, and the
frequency dividing neans is configured to include a frequency dividing

means t hpb) dbyviAgsmaahpek. having a predeterm ned frequency with the
dividing ratio Dillustrated by high-order (M- n) -bit data of 20 the

Mbit dividing ratio information in order to make the duty ratio of the

pul se w dth of{§gﬁ%gﬂs§5i{¢ééc¥%é¢%fe approxi mately constant and a dividing

rati o distributing neans S 1 during nth root of 2 of the

distribution prhseidwertti nesrargpraset etheb¥otibehl peansdes sobivé ohiet he
h4bi§ dividing ratio %g information to make the dividing ratio of the
f r eq@encSHel §F of Nt WELFRS B Al d \FRE PGP tHEPHASE MUt &8 ria% i ng neans

i s configuierh{ds addydi g u g deted Ay dvididg data fly the 4+ bit
pul se width information when the output fromthe dividing ratio

di st ri blRTeReHREmsN¢d freqreney ditectoraades g tina 4dequedcydviaimyg. 33
concerni g 1 1c3 GORLGNAY 082 H02 LRLhAW N0, 00 IQUEILLOD; LS RU ST 1 abl e in
either o e above-nenti oned neans to solve € subjects. gpeC| ically,

t he col dircad hoolsd tadehatie iulge devdtcel stey 136d ol S0 piredadiesctiridront of the

frequency setting nmeans, a current detecting neans for detecting a current
{1 obfng RHRGUSITHo 2261 & S8 REURCE UDPS T FEORNaadng! LiHE B dBb6t ect 1|
transf orgms . gend @tdd Wik dmeans Hd1al: COMedis i Siniadidlale voltipge obt ai ned
5 fromthe current detecting nmeans into an approximtely DC voltage, an A/D

convert élevira durading tehd resngrided atdliragmesingnala ifmeuentiyi tal si gnal ,

a snoot hj:ng. pr hi . fromt D
convertan%ﬁgjgﬁﬁgéngqggppgééﬁggg%ﬂngfﬁg%ﬁ%%%§8§h%?gﬁﬁﬁﬁ'piég?%%fference
data 10 wiettkeenlthéaexhgmedris aapp ped seef £d eneael jdattd nande she, atqiut dat a
fromthe ot hin r QCess ns_by. a constant .and outputs the resultant to
thotPr oGUoEs SSeerng HATITY EOSors bt SUERS T e tEe TECCRREH TR T

DRAW NG eZ% dti i vel ib} a ek diadran serRmidGaldy sshewma a configuration
of a liquid crystal display device in an enbodi nent of "the present

i nvent i sreniFigiiratiion 4 rpicese idiaddioamoshewhag dwagsl @ndathe@d tvase -dri vi ng
devi ce accor i, 1:0 AmeAEROdRRANGL Qb H: BYRR! 9% ARgMidesd 1 @ timi ng

chart for explaining an operation
information as to the driving pulse from the information of the

20 difference, and then applies the obtained information to the
frequency dividing means and pulse width calculating means.
The frequency dividing means produces a distribution pulse (a
driving pulse for distributing a frequency dividing ratio) that
is a pulse for distributing a freguency dividing ratio based

25 upon the dividing ratio information from the freqguency setting
means. The power supply voltage detecting means detects a power
supply voltage and applies the information of the power supply
voltage to the pulse width calculating means. The pulse width
calculating means calculates information of the pulse width of

30 the distribution pulse based upon the power supply voltage
information from the power supply voltage detecting means and
the dividing ratio information from the frequency setting means

and applies the calculated information to the pulse width -
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the col d cathode tube driving device according to the enbodinent 1; Fig. 4
is atimng chart show ng a specific operation of the cold cathode tube
driving device according to the enbodinent 25 1; Fig. 5is a view for
expl ai ni-ng current detection characteristic in the cold cathode tube
driving device according to the enbodinent |; Fig. 6 is a timng chart for

expl ai ni 2y @s € etank). dehechiBe PRSALH AR fud dibgy eelfsCathadeekubg driving
devi ce according to the enbodi nent 1, Eh%i 7 is atimng waveform for
expl ai ni gt RS diang ner dcResse it ehitd iewchbdeckipeddnpvihg devi ce

accor di 18 #fatntde tﬁ@@%%uﬁor{:k}gi‘lsé hSs %&Bkﬂ% g%gge@ ‘2?8%29 2

col d cat'’hode tube driving device acco ng to a ifred
enbodi mremfdrmdt Fgy.fron $he plidsk wlidgn avelshod nihga reaind eat heidlé d4sbe

driviing device according to an epbodi nt f the .invention; Fig. 10 is a
O B9 S SR W ARABE -8R b ETIEEL T i T ikt i Ble SEoratcdifiode {une
driving €leydrieed@peQlsd Pgsta dgth enmeogiileaty 2t hl A nffiodmationSafdttwémyg chart

for explaining other exanple of the generation of a driving pulse in the
col d catHdtubedr et htprfeFioce dddomd agerent if shpguiermlect Hg. 12 s

A i P e N e N
col d catdrosier thare Idrties rppradmsrcinaddursdigwmn figuretenbodi rent 3 of the
VSR O PS5 bRThEB, S84 Bl X 2 10037 80PLAL1 ol conent
pulse width calculating means applies the pulse width
information according to the detected power supply voltage to
the pulse width adjusting means. The pulse width increases in
principle as the power supply voltage lowers (see Fig. 24). The
15 pulse width adjusting means produces the extended pulse from
the distribution pulse, as well as selects either one of the
distribution pulse and the extended pulse based upon the pulse
width information, i.e., the detected power supply voltage, and
then outputs the selected one to the driving element of the
20 piezoelectric transformer.

The production of the extended pulse from the
distribution pulse is digitally executed. A pulse obtained by
shifting the timing of the distribution pulse is produced. The
pulse having the shifted timing is composed with the initial

25 distribution pulse by taking a logical sum, resulting in
producing the extended pulse having a width greater than that
of the distribution pulse. The extended pulse has a pulse width
extended by a period of the shifted timing. How much to shift
the timing is determined based upon the pulse width information

30 corresponding to the detected power supply voltage. Further,
which one is selected from the initial distribution pulse and

the extended pulse is also determined based upon the pulse width

information. By this process, the driving pulse having a pulse '
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20 the enbodinent 3; Fig. 15 is a waveformchart show ng a |ighting
detection principle in the cold cathode tube driving device according to
the enmbodinent 3; Fig. 16 is a waveformchart for explaining a shift from
25 starting to lighting in the cold cathode tube driving device according
to the enbodinment 3; Fig. 17 is a wave formchart for explaining other

exanpl e e r M i a in e odi nment
350 e e e e e LRy b b 5y devi ce
accordi ndigotalirpdbé i msh orksd dfo bleepentodedentTiZe demiodl®fi shd ftti asng chart
for explai ing an ggerational 38l concept of the cold cathode tube driving
devi ce ateordfng Eo the*RolPPFEdfiode of the embodiment 3: Fig. 20 is a

flow chart forTexslcimding @Sl wanep corfdgur aki onngfpihe: eehd iepthode tube
driving device according 5 to the nodified node of the enbodinent 1; Fig.

21 i © a PPHERUN RSN 'EHHM AG & vofe RAUHoFRIRRINE Velit@iosg raagecevaBcor di ng
to a nodifi ; ipent md. Fi ;| i m d or
expl ai ni SrLlIfé agﬁlgggrgéﬁro%&%?&%ggge r'eqalée}ﬁcﬂ% IlVI |dr{802e%¢1€'pi%%st%ﬂg£éﬁ%odi ment
4; Fig. @3nike anagdendtividicagghamn showie ¢ is povert isapplul seol t Bhésdieedsi ng

i n_the_ erbodi 4; Fig. 24 i i howi le of
ol at 1 onEhi FEBa Bet R BhvEr SBRT O FH RS A MR BBLTRRIN dity [ the 15

enbodi meat fAcidh@y 20diSo apLévéntt ta db g BraGhoVd N rerldézed exanpl e of a
pul se widfth adjusting neans in the enbodinent 4; Fig. 26 is a timng
waveflor P tREPE Lo 8% JH 1 IRF AT S5CANSEoRI A MO HWPE dr dVANEdFE8ti ng

means i Ny {deo&I0o BN r£0s former, thereby bringing a great effect.

There are a method by latching at 2 leading edge of a clock,
a method using a delay element and a method of combining these
methods in order to produce a pulse having a timing shifted from

15 the distribution pulse.

Examples of a preferable mode in the fourth means are as
follows. The pulse width calculating means is configured to
output the pulse width information obtained from the power
supply voltage information from the power supply voltage

20 detecting means and the dividing ratio information from the
frequency setting means as data including decimal means
corresponding to one cycle or less of a clock. Further, the
pulse width adjusting means is configured to include a pulse
width shaping means, a pulse width extending means and a

25 switching means. Specifically, the pulse width shaping means
shapes the pulse width of the distribution pulse outputted from
the frequency dividing means into a value corresponding to an
integer means of the pulse width information. The pulse width
extending means converts the output fromthe pulse width shaping

30 means into the extended pulse having an extended pulse width.
One or more pulse width extending means are provided. The
switching means performs a change-over between the output from

the pulse width extending means and the output from the pulse
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Fig. 27 is a timng waveform chart for explaining an operation of the pulse
wi dth adjusting neans in the enbodinment 4; Fig. 28 is a circuit diagram
showi ng another realized 25 exanple of a pulse width adjusting neans in the
enbodinent 4; Fig. 29 is a timng waveform chart for explaining an
operation of the pulse width adjusting means of the another realized

exanpl e éwidt e HFIed MBAhs4in BcBorddnks @i vh @dle dLageayR %H@V\&é‘é’lﬁal
configuration of a 30 pulse width adjusting nmeans of a cold cathode tube

driving W%@fa%%m% vodhh leHisumateifn gndfoutmutimtbatresaliagt.31 is a
Limng oiigid-dte 8% é"thE‘ 0B&r & bana) tﬁgn{r@@dﬁ%ﬁ@g FoLd.ggLfode tube

driving device accor the enbodi nen s a waveform
chart shimiieng caormemrpj etmis tctmuf:(gtdra:taidsmde tube driving device in the

enbodi ment 5; Fi 33 i s a blogck d|a m show ng .a confi ratlon of ab

col d>cat hode tqﬁ'b% O(?ﬁr\?ltrjrﬁndg\‘/l }élﬁccc -On‘br?%l%'g J@nﬁédfﬂ’ﬂ?“’é -of TRfe

i nvent i ofksthtiutBfon Sdndd ¥ Gl ta<h AR havd b deald zad exanpl £ of pul se
width distri butJ ng/ cal cul ating nmeans in the enbodinent 6; 10 Fig. 35 is a

wavef or i icHarkbyokorepsilgiesi aylatdngt ¥ mne éﬁsfcééﬁhlltq&é eycipme pihie width
di stri by gl 19alCi RhiuRgeres % !n@:thl}}%lemf? ntWYfén "E'hg emég hswfd‘(‘.’\ﬁVEf orm

chart showmng a first distri ut| on exa the
di stri butd agfcsted anlylgayreaioslsrtanSthheiHrﬂdeummn ﬁpmléleg;, 87lisha

orm ghart s cond di strihutjon e he pul se width
PRSLRRCHE TRt R SR SR AR S RIEAEE S
di agr amsgmcaummmy SigR iguliged wile FRGheitl S aaitdirh tdia8i rdrut i ng/ cal cul ati ng
means (Fig. 34) in the enbodi ment 6; Fig. 39 is a block diagram of anot her

mode obtcHistad BE rmaurogEth § tlﬁe(Bu#sé)w‘dlflhlﬁiltleHm]ﬁ%gY utext ng neans
(F Q. 3UhdNdNereibele 8L, PinaPi b Gouile 15 qnyl- o) shoyp ng,d ragrency

characteristic of a piezoelectric tr or mer ; 41 I's a principle view
of a cormeerst,i bhalpmirseritngeasure gisekoeldictati the rpa;ri$feown®t};1 at a level
15 of the tenth’s place, not by the natural number unit.

The present invention having the above-mentioned
configuration can be described as follows by illustrating from
another angle of view. The present invention of the fourth
means to solve the subjects provides a cold cathode tube driving

20 device that generates a driving pulse obtained by dividing a
clock of a predetermined frequency in accordance with a
frequency dividing ratio corresponding to a difference between
an electric amount in a cold cathode tube that is a load of a
piezoelectric transformer and a reference electric amount, and

25 then outputs the generated pulse to the piezoelectric
transformer, this device including a frequency setting means,
a frequency dividing means, a power supply voltage detecting
means, a pulse width calculating means, a pulse width shaping
means, a pulse width extending means and a switching means, each

30 of those means having the following functions. The frequency
setting means obtains dividing ratio information as to the
driving pulse from the information of the difference. The

frequency dividing means produces a distribution pulse having
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Fig. 42 is a waveformchart of each nmeans of the 30 conventi onal

pi ezoel ectric transforner driving, Fig. 43 is a waveformchart for

expl ai ning a conventional digital driving system Fig. 94 is a bl ock
diagramrealizing a conventional burst 40 dinmng; Fig. 45 is a view for
expl ai ning the conventional burst dimmng; Fig. 46 is a waveformchart for

expl ai i 8042y 24 8A 51 Ak 2oL NOY 110 1t e LAIVNLT @RALLDYRSt (LTl BY: o 9. 47
is a waveformchart for explaining another starting method in the
convent i bhaldmiurigtg gudsenyltFiggspiseti $oat haves amarctedi viidi ngxpéaiioi ng a

subj ect in the tional pjezoelectric transforner driving; Fig. 49

is a vi el\!}v' sh'lct)hvﬁ ﬁéwég%&%‘lﬁ{tyg#%ﬁ geg&tc)tflpgt’?eoa'hsdfigg?ﬁgﬁtani Jng?‘ﬁé&d

convent i powér dsgbpay - tybeagel d Tat hadesd whieltl icdlr@ldevineemdargs 50 is a
ramrealizing a higp resolution of a frequency dividing ratio in

bl di

thgcgoni/%g’f?‘b?l%llt ‘?gﬁ"t‘g?@t‘% R sipbpEnelt pR P ERedr F XA RRVPREE T and Fi g.

51 is a yausliProvchags {9FcBxPt AoMi PR IOPESALd PN {981 AGRi BViyg a high
%ltl ona

resolution of” a frequency dividing ratio in the con digital -type
col d cat¢eeectime weavs ndeviie edivid BRSTr MOBES FORTEARRYI NG @UTE ¢ E

| NVENTI i fi i i qu ¢, crystal display device
accor di %L?%&%ﬁ& |%§%§ﬁ(§g‘h€m§ﬁ agge CZ%(ép aﬁlgeildu%%q%vé?%“%%t ﬁ?ar\l/\fth ref erence
to the dcemiegson@ndrite. oheisydl dbacke ds agh aneBhoni NTha pahesatidth

configuration of the |jquid crystal display deyice, having nounted thereto a
col d¢%at R BE RS éh%@eaew%@.ﬁ@ﬁ #Fg.tgl?f HHof AP LB HAABIRAL 5€ | | qui d

crystal qansht ©dS P Borh Neh@Nf i dB8sHh o2 AP i PRk I s dauig e (Jachdiding a col d
cat hode tube 30 210) with respect to the liquid crystal panel 100, 300 a
liquid GesresPendiifgodaeyiteegpameasnver teqvlisspui deld infegimeg isirgnal i nto

o L S0 e T8 3000 7B B AL AD GREALLOESRTEAS! 100 2

pulse width shaping means into the extended pulse having an

15 extended pulse width. One or more pulse width extending means
are provided. The switching means performs a change-over
between the output from the pulse width extending means and the
output from the pulse width shaping means in accordance with
the value of the decimal means of the pulse width information

20 and outputs the resultant to a driving element of the
piezoelectric transformer. Reference is made to Fig. 28 in the
embodiment 4 described later concerning this configuration.

A preferable mode in the above-mentioned configuration

is that the pulse width extending means includes a delay

25 fine-adjusting means that converts the output from the pulse
width shaping means into an extended pulse having a pulse width
extended with the respective delay difference set shorter than
one cycle of the clock.

Further, a preferable mode in the above configuration is

30 that the delay fine-adjustingmeans is configured by a flip-flop
that latches at a trailing edge of a clock. In this case, a
pulse width resolution with a double precision by using a

trailing edge of a clock can be obtained without deviating from A
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synchroni zation with the inmaging signal, 400 a backlight driving controller
for driving the backlight 400 and controlling the dimmng (hereinafter
referred to as a driving controller), 500 a power anplifier for
power-anplifying a 5 driving pulse outputted fromthe driving controller
400, 600 a piezoelectric transfornmer that drives the cold cathode tube 2|10
in the backl] j . devj ased_upon.th tving pul se fromthe power
anplifie% %%%?gébggaﬁ%g?égg%gvéft%rg%ﬂ%ﬁaglg%t?icaIIy detects the driving
state of the cold cathode tube 10 210 in the backlight device 700 and
converts the dF$e$éed rfsult into digital data to be fed back to the
driving controt et 6me d19HeS bhip LSl obtained by integrating the

liquid crystala dfifmngnétays Ceo 30 vé tihd heusd M NSRS Al eraddPeand 900 a
col d cat hode, tube driving device conprisi 8% the driving 15 controller 400,

pover arffitiredoRirridR A teddver tde fodlovhagpmessnternienti ealds
o a oo | 200 ] . . Al
Form 1 or ety 1 b e Va0 COMA Mt Son koot PIREEE A 0T L g

devi ce 300 pandidmelsirconsidewed r ol | er 400, thereby enabling a backlight 20
dimming in synghraonizatioon with the i e and realizing reduced cost and
saved space. gg}%.ppﬁeesfeé}tab]tréveéﬂb’ﬁl r%ﬂ?%‘eo?fnlt% "RASH |gtt9n %ﬁ‘ie s%é%i fically
be expl aduiefedes epiafidds FoldecSHHEdO Tt @MNUEBN BINGE ddviecd ol hpmi ng
explanation is made such that the 25 case where power supply voltage

var L8t | R edta HEA N Rl kohaktar e d Petied ing () clark the zase
where p i;af i I .der I o} . The
Case (AP T Rt B Ry ] 300k RS R €2 R B ey Tt

enbodi nerdtsicl corréspdfdiAp ColaddCaf bodecEubet i¥erviamge Dewt et lampurt Cr yst al
Di spl ay ,Devi ce erei.n Power, s |y voltage Variation is not considered
(Engod%/r?ﬁhta ﬁowﬁethq;eg. up§ ;&ga%llcftl{a glg%jré)rﬁ RSP T i Qur ati on of
the col d catdradendtiR@ddei ¥é Ngr sheye 8 0 i ahb@nlti, quhe €rystaltglispl ay

devi ce according to the enbodiment 1 of the invention. In Fig. 2, nuneral 1

dendPes tSiFrERIEQT iRV SRt drifeP 152 Qe dsen dini afe amee pitdyloel ectric
t ransfor : i i j | : 1 LG n tl%ygﬁ; (FET) , 4 a
cold catcﬁ%; e&?abde&(@olﬁgei%ofnr(ﬁ%n%t t%eet?tclg]g(sj\mcegt o’d% th e %@ 5 a current
det ect odithiatirdemesns, cuppertr $upming olltegeghetdet tod desaishodepulde 4 and
converts .O&zﬁdegecéeg.result intg a vql ta‘?e sljé%réal , th 7 a_rectifying means
(e. g., Wi kea&teBtord OF% {3? thEHPéc Jr‘ﬁ‘ d WS IS0 a3l c v oiidhe si gnal
taken owf theBetheatsiMAitnglehect®l1 s ang RoRvEdrs .t heathatikdadtmd it o DC
vol tage and 101 an A/D converter that converts the voltage outputted from

t he2Pects ARG HeshPy7 & MEF W adiegiofal® Sogtalarea CRodghyRd urrent 15
det ect Ol o2 i pHY iR 1% IRREETeRleh R & Mwaire? AneS S sy t&idre L he

figure, it isnot limted to the resistance. The D converter 101 has a
suffici ent nuffber fokduiensy sedtdeag Mmeanist abtaansolbtiagdiset gettiilon accur acy

and its.s ling clo h a,frequen sugficient .for _a rin response

apeed rlnaRaR sP 985 EReou T S RIS BEoS G ¢ aroaRERaP T Po e A/ D

convert e ffekein: o, ephasentadapyl Vad. t heinesed idoR idefwminest on avertdg ng neans

pref erabl e exanpl € of snoot hing process msar&?}l :ﬁgﬁlt%ﬁerf,orrrs an averagi ng
0

E)r otess ftrﬁqéle@&rﬁr’g&li"&ﬁi@& 1558 Svaa b Gt & ABGoMPéMSer 101

W thin appredebgeRtDedi Zod SRR T PR cdgsel s beth bl 8 )pul sheout put
digital signal fromthe averagi ng means 102 is represented by Vave
her ei nafirévingupels¢ foo3ddehptlest bmg @r freavenengd védliog sadthe) fidis t hat

ext or natry ce P8y b B S YGAf T R YA T Tt Wdska
upon the dividing ratio information from the frequency setting
30 means, and applies the produced pulse to the pulse width
adjusting means. The power supply voltage detecting means
detects a power supply voltage and applies the information of

the power supply voltage to the pulse width calculating means.
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30 difference between them and outputs the resultant as error data Verr.
Nurmer al 104 denotes a frequency setting neans for setting a frequency of a
driving pul se of the piezoelectric transforner 1. This frequency setting
means 104 adds or subtracts the 43 frequency corresponding to the error
data Verr to or fromthe previous frequency setting value Fprev, and

out puts M Rid,dat g: Fegxt I dat f idd dipg ratio
for the N cyﬁcul e of lt he darJICan lgﬁ sggﬂgﬁa&@@%ﬁ%?ﬁgﬁggﬁg 004 ngFnext/ N
beconmes pnlaeevagehf péqbbacdidivibdihgonapibs®i basédt hpodrthengopakse for N
cycle. Nuneral 21 notes a controll er [ generating,a control timng

pul se at g‘gsﬁigd‘é@*ﬁ ﬁe%“%%ﬁ“% lggsgﬁoﬂpgﬁetﬁ%mﬁ eﬁ'ﬁ%ﬁ&} Hﬁﬁia&ﬁext

out put t edeteotihbeméarguenaythet 4ingdirgnsatd. idhbemsondr o re@rtnd i s set
to the pgriod 10 A (A, natural integer) tines the N cycle of the driving
pul s A Bﬁ%?n?}/éﬁﬁ&&?ﬂg R§an3 A PERLdGFat e Salival add HefermRRhgCPpul se

out pUtterfﬁl—Fé”f}aUl% CODRER!d Bfuskthg Medpisal 208 HENQt 63 a@nf @HUEPEY i Vi di ng
means that distri b&t es the C1i‘ajéuequlengcy di \?i di ng r%ﬁ 0 such t%’la? tEe gverage
frequencyednyinyarpoen o adt@hgedfpulre deivingga o lskee WOt elythénbdconmes
Fnext/ N Vi de. C dr.i wing e t.0.the npi.ezoel ectric transformer
1lis pro%ﬁc%de%g&trﬂ% %eé&é%gy&%%é\%d?ﬁ;éfr%a%lssﬁ%%&ﬁhog 83‘/@%& (k:’gnéhgsi ng the
driving gutsesf @rdduys & delayal pulsbundaetyoke. o MieRtahdbdlpdeset es a

burst pul se generating neans that outputs 20 a pul se (hereinafter referred
to & a ﬁﬁ%?‘amngei_H%&\ﬁenylatamﬁﬁda%%b&oﬁ il Y €612 Ydnnthg | evel
i ncl Ude%i@t%f@u@i@ﬁ"ﬁlﬂé@%ﬂd%éﬁ@e&r;QITsaenng@ e 'l%}clrg?ﬁéls(e]écjhl?ﬁ)&hqw d

crystal driving device 300 in Fig. 1) based upon theé contro ycl e pul se
obt ai nedtke RWeseoritdidl limformet ipm & ooy shepphiteeividelh cakbtuidbingH' 25
| evel per] IS rter, than the distribution cycle.. Numeral 123
denot es%gaénaorg%’t p%%]?%%arg%éngc%g S %ﬂ% aé@mé?%h%hse 0 lesr%flh%uteln%rbll‘?%igs%hd

di sabl i ngxtodndde multqut defl dyleel diulsiengnpubedagbtiak ngde at efidled f s ehsency
di viding means 105. It is configured to be disabled to stop the driving
whert>t hP3SRUSRAN the BH?%? %bd%ihljs"éfc?@“a'q}'or}'e\?élld. thRRB/ sAMPPIRY Wofber at

the averagd o IBERS a193_iir§n§%tle‘hfénltﬂeof%l%'pité?’zééleecﬁ:%ﬂé t Pen8EgbREduri ng

the period of the distribution cycle. The corresponding relationship
bet ween Bafgrencemd shngde 'taldig. 230 siragnfeibensneThe desrribaddlater FET 3

consti tgéqoe’fér%ﬁ%ﬁﬁﬁhﬁgﬁ%@nﬁ‘i%@iéﬁm power-anplifies the driving pul se

out putt ing neans 123 and outputs the resultant to
t he pi ezoel ectTlie dirfafexfeoraeerf rbm tThe courent mdetecibesSinbtheghuliye ng nmeans
7 aag A/ D caonverter 101 constityte the dathgon erter that converts the

cur fent "G AGILREIOGHIEARS col T RISV Ut §ePRS 4RtHE The

aver agi i MRS ah9 D r RIURs g@ié@g%ﬂ:@h.@@é atyiped MENEhbQE st Fasluensy setting
means 104, controller 121, frequency dividing neans 105, burst pulse 10

gener at iRty Sfeans 99be &l ovgt Pk s @ aEIPNgNEU hean ol Dauedngas theatrl dri vi ng
Croller 4 e bt eans ( Lot :
contro ur Qgp%gaaré 1{;35{1%t %iﬁ)gttq.:ogll élgi%%,l ggg:%xetfmesd Lh¥Enh Lo roller

400 produces rivin se to the piezoelettric
t r ansf oramgru s eb asiatt hupdrt s iree o by entt dmdfiorgrethieopulis e heididl e foathwde t ube 4

outputted from 15 the data nverter 700.and .the external i nput.t ed
di nfi*ng leifeqlrgé'}fd“’trhgugé?ergﬁ)c@e&é?ty&d PBlFﬁec?téWrbecéglyoﬁei%%ng%m us
amount  Qfi dthe ripl ibrephihedeataig )4de Subsacuenteky eaxphapnese ichtdicnaper at i on
of the cold cathode tube drivinP device 900 in the liquid crystal display

20 devi & HBiag nohd hep G- dhddonfiguration. Firstly, the

By this configuration, even in case where high precision

has already been aimed in the frequency dividing ratio of the

30 driving pulse by using the trailing edge of a clock, the cold
cathode tube driving device of this embodiment can finely adjust

the pulse width of the driving pulse by effectively using the
trailing edge of a clock without hindering the effect of this
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entire driving concept will be explained. The first feature of the present
enbodi nent is that the control cycle is A (A natural integer) tinmes N
cycle of the driving pulse (the distribution cycle) for driving A tinmes at
25 the sane average frequency, and the burst pulse width is set such that
its "H' level period is not shorter than the distribution cycle. The second

feature ¢8sé Nato Ui SHPIIPR IHIERCOPN idturd PR 13KCLAGLAT: ABARS, 1@2nke Set to
be equal to the sanpling nunber during the period of the distribution

cycle. 304 PeveEatPRYY tTebeagow Festande widgolyd ioxpl dirfed v th
ref o o 1CFes it fop Hraviih D e'élf_?.ugéxrlggkz%?tglﬂé‘gtthfa%rof)ﬁl?lleaé?ﬁpgi?ugtgggrat' onal

concept e enbodi me OWs the control Ccyc pul se
out put t gpbIsemn heotradntaas! lber ob2kinkEidgcoBpByreshbansthbef dutrvh ngepusse

substantiallly shown, in Fig., 4 (C outputted fromthe frequency dividin
ﬁrean 1081 1Ry %(Qﬁl§%o%‘9§rhec%ﬂ$%‘%l p"ﬂl’f@% Ry %i%’l‘?‘f’lﬁl%?ﬂ%ﬁyg‘?s ’

det er m ngsk SiHddg(dde £l rdl) 5 AnClePr Rt RU tRA el @BnisheRulcH i se
generating nmeans 122, Fig. L 3 ( D) shows the driving pul se outputted from
t he out pﬁﬁf%bﬁ%@r@é@ﬁglm,a Pirgakzdomn shewsot Aesvtde eecresnt ¢fow ng

t hr ough 4, Fg.. 0 r.e tion

si gnal o%ﬁ&fg?gg ]?f%m t eéﬁ%%?if?/ffn:gcln%g{% Cépl %iﬁaﬂ%%%%es%%ﬁ%&t he data
range i n whi clcxamp laeodgangrefecesieisogperfrorned fatf thheeausr age ngs means

| 02 and Fig. 3 ( sho t he, put .data_Vave fromfhe averagi ng nmeans 102.
For Phe 0ot cioRriRcey: Ahb val R aF VA nealt 18 a N EEH Ty
there aredfpul trepeatietk patdiel Nis M inth £ 1h et @Rl adieont ratiigheyed (or
average frequency 15 2) shown in Fb?. 3(B) during one control cycle

repr esertURP 1Y YHeE &I ti] 0 1A I p i &t RV We I PP Vo a9 r equency

di vi di ngydRans; #Hﬁ ' . Sy 4f q#ﬁﬂ i I er age
frequengy for fﬁg%‘r|ffﬁgkgﬁﬁgi%ﬁ*§§§fgf e?%fgﬁggk#ﬁ%&%}g%%%??%?%ic

t r ansf orfmEquericy 2G triinge megintsh asheladra viimgl yslilrse delatiaianednemtng he frequency

di vi di ng neans_ | 05. nce, in case where the current fl.ow t hr.qugh the
col bjgpat%r?prar stpt?d}ed%fqﬁod&n&tcé’ ?Let R& Sf’écf’?oﬂ 'ﬁj;i c{‘_o bEgu ’pet%‘?ghi s

di stri byl eicdtd waiustOngt heaskhes Bandigeealred imscpedd of Mt 4o make
the 25 current during ON-period constant upon the burst driving. Wen the

cont rol Witk sharddpardife & SGiRl Gy difcide laying meemsur ¢ uise width
O\- i . T . | | har b
(ON- per |Cg®q)@%ﬂ%i%s6%1%é&?{gdtﬂé%%st @‘?\badlas Jil l},{lg,g] %%}51%' so that the

current during-the cannot be contro e constant.
Ther ef oiSpecad istadvry ;i 1h80pEilge 8(Arh dhéaping meaperfrorpes Plarailge nes

(plygal distribution,cycles), at_the,same aver requency. and the burst
bl 287wl e 5T 865 Er EBke oo P SRcR FH L A0 A T sty

di stri batiivdriieycheankoihberehya lass doe ra spendidgl eb setiaciedyr 4Eansaver age
current during one distribytion cycle. CbnsequentlgLﬁin ths@gurnent

detecti &, e RYSFeM st RO LHrESERCT -nvERE ORCHBES YT LBetBLAYEHPr ent
during Hé':a'nlseYﬁl:cH@E' Ok :oqg‘_‘p%t‘:r irodh fhetdiel LULIHLRULRSpLhKand gs st em

di scl osed in the docunen
the leading edge of a clock. The 0.5-clock-cycle delaying means

25 latches the output from the pulse width shaping means at the
trailing edge of a clock for producing a delay pulse. An
extended pulse is formed by taking a logical sum (first logical
sum) of the delay pulse that is the output from the 0.5-
clock-cycle delaying means and the distribution pulse that is

30 the output from the pulse width adjusting means, while a delayed
and extended pulse is formed by taking a logical sum (second
logical sum) of the delay pulse that is the output from the

0.5-clock-cycle delaying means and the extended pulse that is

30



5 but detects the current only during "H'-1evel period of the burst pul se
as well as during the first distribution cycle period (the first cycle of
four distribution cycles) as shown in Fig. 3 (G . The features of the
present .enbodi nent were expl ai ned 10 above. An actual control flow of the
col d cathode tube driving device shown in Fig. 1 will be expl ained bel ow by
using s i | cal e t he expl anati on,

t he di s?@% %l?%ﬁ&g@f(gﬁl tsﬁés(e Jffgik ﬁgig)&eiﬁyfﬁ(g%%%%?ol cycle is Atines
(A 15 - 4) thelhk sswi teition reals oulﬁput}sere,achhpuﬂesobbtadmedf itheh&/ D
converte% i/fe et tg 3-bit, and the ai d t ube c\a{rent ue is 6. 5 obtained
by the com ?"%Jr%gl ?u’fl‘%am%ﬁ?%lla%a?a DHY DY (R §F on? t e B ¥hhderter 101

Deci mal d1adnOnodatife i5idode Dakriid egird i Omdther A/ D converter 101. However,
in case where 20 it is_considered as the_ average data during the
di st @i bution cl¥) dhededrrarrresctrbhtekales. ofsgé@ freart 9U1§?0‘19d'%1i 6.5

wherein _A%erp@f sz?rﬂ? 4 ¢

deci mal ractr?ao,o%ﬂr)r%aini aa?sicgﬁt[,)p |ee as thignee;@ie%ﬁ%%r%ﬂi%%[? re‘f erence dat a
Vref. | mw@&%@e&i%ﬂmﬂmp%sérﬁm@uswm vudpog fatm ahiespbls® in

or der to er e f he dr| ving pul se, the frequency data Fnext outputted
fromthe Jf r}h %@lré%tn{“? Tmeans 104 is 1011 0. In this data, the high-order

3-bit represent) then DbRgerdeERaDsSh 2Adva DYe Gfdehe2abbl tF eI 886 St he
decimal fraction nmeans. Since the distribution cycle Nis set 30 to 4, the

decitftal RN QRears ats 1ovhl evel gnd Hihe dthéddﬂgvrﬁgleulL§eDthovmt| n Fig.
4(C) is r 4 JRP 54 (O ,
driving C%tﬁ ses ?néf o%mat ycC éﬂ are ustérgited In onelft}%st rﬂbutl on cycl e,

that is aleclgtyclh siarlla:),umg)maﬁyts e N Al t hough there are various nethods
for distributi uen dj vi di n rat| 0 atipn is, set here.
Fig. 4 (E) sh % E,qﬁ. ggﬁni %F/e \ﬁ%eﬁp‘fah}é g%']f;s?ug SQUILET o

appl i ed.inf S steawron r1sFlag hé(;E) let/Be gHHEr €Nk dabueihgCHIESc aiyabueit

correspondl na to the frequency of the driving pulse. Fig. 4(F) shows an

out p s a5teddad theISreec,tthaftyulrﬁg thearfd rptni a9 sl patik- det ecti on

after det ect i ng )t heehubg, Cyraents by; ¢ ey 1G4 18Nt ndeALE 010Dt sd Ny ddtss

exanpl e, the ?0 Ayv%eout pvlqj dat a durJf ng tlh |str| buteiﬁon %yc?e |ls obt ai ned

such as informeg"ion 45, at 5'nqats lstvednand Fhe. dWJ(CQng rﬁrteoawerlaglngl’qrreans 102

aver ages, dat.a of  t Sy distribu (.4 + 4 + ) 14 =

. 5) , ER\ er{:%éautdp‘)altgg’t & resu% nﬁ{) dgt%z;i %E‘at ee Seercror vol t age

cal cul at]_ldwdm.ar!ﬁ.mﬂ.03 conpares the average 15 val ue 4 5 with the externally

applled reference data (= 6.5), and then_outputs 2.0 (= 6.5 - 4.5) that is

t he?Qi ffer enc@ecfétrén%u%eﬂé@ﬁtw F4gSt hal fargudhdyp §'é}€t |e|‘fﬁ’cﬁje]é‘ﬁ?§E Y04, the

out put  dat o iHed) 1P tc*a)%c%&rnqrngvthtl%g%o%%llwﬁttﬁ% means 103 is added

to the previous frequency setting value (= 6. for 20 outputting the next

frequency set fliheg pdsisang. 3nvehitd onohavdngi §hehebowepeu§md0@mdl the t ube

current I th | i ed, ref

wher eby ?ﬁg%g@%raggé%cﬁ%gen 88§§E§Egﬁe+¥ %@ﬁstw:sn dluﬁlgglg pe |o ,

t he aVeIa&gﬁh@Lﬂdile@le uﬁo\m@\l- pameoplrehengemvdmmam‘i @g% ﬂfthtxﬂe;anﬁoon t he

bur g pul se dth wi || be expl ai ned I %renc to Flvq.I . Fig.
(A58 shiss Salirs e B Aot RaRird Lo ot Ho b Gnas ot FeRehg ARanS The

Cur rent qagGeedicRgtt gehBeat Egayeasyy ohyi sl Nge r@dﬂeplrféd)\dgﬁ_{ tdiraugihg ke col d

cat hode tube 4. The current detection period in this exanple is only the 30

first dicdockbetfi énpepceseasisrewd rieAuRNgyY 30 aﬁ@oméngﬁewaw ﬁrequency

di vidin u yher | se has

a pul segvrmegth %c&o%{??dhllgé%a%%g&?% g?/%#ﬁ%ﬁrﬁequen{r %’e ng elr?gu 0

during thi 8148tric amount in a cold cathode tube that is a load of a

30 piezoelectric transformer and a reference electric amount, and
then outputs the generated pulse to the piezoelectric
transformer, this device including a frequency setting means,

a frequency dividing means, a power supply voltage detecting
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cycle becones 9.43 (= 31/7). In the case of the pulse width shown in Fig. 5
(© , its average frequency dividing ratio beconmes 4 . 5 (= 27/6) , while
in the case of the pulse width shown in Fig. 5 (D) , its average frequency
dividing-ratio becones 4 . 4 (= 22/5) . 5 1n this way, the average current
val ue and the detected current value are actually different. The narrower
Lhe bur SheBHboea b4y RACAREER1ENG-01 8! fitahle dhUenan RoeagRsngHoNeyer
the brightness is greatly in uence di mm™ng preci sion o

burst pukreangi dahl- Chochecmhﬁpdelamng Regnsh, at beSdclbekeagedei n the

bri ght ne bur st | se, width are respectivel

6.7%@6 mﬁé}k$¥ﬁé I%enc§%&3§ F&dgﬁeeﬁF?% B9 R : ﬁtsﬁé¥géfpgn i's
(4.5 4. 4364n5) eadh 6@ urmstehaeaasehamr(@);heOf@llcswiﬂr@ feage idhs(.C) Thand only
(4.5-4.4%/4.,5:2.2 iin the case of (. D) . Further, 15 the
frequenchr BRUERFRF S HEINS MeaRS: QRERYNF L G SER@ T atHgh 1B LrME L 107 @8se wher e

a pul se ob &40 ddHivisg gﬁﬂg#§quWl%mealﬁk%%%aQﬁo%oo@PQhefQifﬁéﬁgﬁbé a clock
is required to be divi 100. This is suggested in Fig. 3(D) in which

driving pueséseanentyl @svm\m@ neags cpredudes aaldlmelwe:contpelseequency
20 v 0091 £gtd il i3l Bneabenetfan f chfid (1205 IRLIANK 908) o

Therefore error et ecti on ‘becones a can‘nearly be
i gnor ed. oﬂsttdesdrihﬂniga;lmyse wihth hee ppesento eﬂﬂa@drmten&éledtoﬂam@ cycle
is Atines (A inte cIe of the 25 driving

|
(i 0 R AR Ry abE pakChr fophny Wt tAES Mot e é@éragﬁef%%éqaency, and

the sanp{ipgt Swdk agubh %W@I@&d{é‘g BN e AT A A atth
sanpl i ng nunber during the distribution cy cIe Therefore, the burs dlnnlng

can be r@%ﬁiﬁl%e@utmutﬁeﬂm grubse dwid/tfhglls%ltmﬁm rrgbttéhienw efppenciyhgo

br ovi de B 98F FurRio et Yt M BATRIST I 8 BHBRRYrA e (o
advant agﬁ@mctmg etk 9 grred St heandl wiavi g Space hrefatser Dén ofess hi e

for t|o with the other LSIs, 49 to thereby bring a great effect to a
fur tiver THFRUERRY 258 F DTS Lh -4 et} HAIEhte28% hough ¢ ho

current et B4 p O P8g itedoh8 SRI1d @rtNesEidsh MisStk] blfffHeOBu%%' giébnthis
enbodi nent, the current detection 5 period is not limted to this cycle.

This i s Hearine mesascehapeattimi@uwlssewidtbeat e gl abysbstapn PRgBEi ng

i mredi at i sone del ay

occurs u%%r?‘?{%eﬁl Lh&? (;Ttatg%[# ng. po%pllt#}ﬁ{)géeg nsgflﬁﬁén §8‘H1yu?ube current

starts tccmf:tmp@'mmg aosdmrmtégeemfahesrof ItHaesﬂu]fste Qﬁdthmnfﬁ-'ﬂﬁlatmdﬂ\l as
Therefore, if the urr tect rlodls set to

Shodd, | i Al dR e ik A Y St et B, Y B RS B cav RO PEFOB I, et en

thus di spdventagroushabinygi f¥eRé diiche uegdﬁjﬁge@a d¥osi I:!L@ﬂkfIBYTIb@ shift ed
wi t hout changl ant he detected w dth considerin e 15 delay tinme occurred

fromrestarts HeY &lr§ AHP RIS Heeanghkd b es mqwtnfgror‘e(*ﬁ)e Furt her,
this curhente deleet! %QQ%P&; Qe S 2RO £RGESS3N # ¥g§ ﬁ]% engcHi St hoution

cycle. e current on period nmay be va ave a mﬁdt of the
doubl e cfwittEhithsterabsti®rronfigured to have the follow:.ng functions.
25 (1) When low~order 1-bit value of the A-bit pulse width
information is at low level and the dividing ratio is D, it
outputs the output from the pulse width shaping means to the
driving element of the piezoelectric transiormer.
(2) When low-order 1l-bit value of the A-bit pulse width
30 information is at low level and the dividing ratio is D+1, it
outputs the output from the 0.5-clock-cycle delaying means to
the driving element.
(3) When low-order l-bit value of the A-bit pulse width
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20 cycle or a width of the triple of the distribution cycle or the like in
accordance with the burst pulse width as shown in Fig. 7. A block diagram
of this case is shown in Fig. 8 1In Fig. 8, nuneral 124 denotes a detection
wi dt h adjusting neans that calculates a detection range fromthe burst
pul se 25 fromthe burst pul se generating neans 122 and the control timng

pul se fropgephg rokl 2% f J iqﬁ t . ctiqQn range ic
accordance aﬁtﬁe?ﬁé g%rgélt séB%X ﬁﬁﬁﬁn f%ggggé% #ﬁéqgrggtéf ?ﬁe
di mm ng beteltbetiomEsgichd somef hbecautput fietredthicod. Aecloakycgahances. 30

Al t hough ,t he present enbodi nent uytilizes the averagin ang.to detect the
aver age %ﬁ??%g?gf?%ﬁW?mf9§r ﬁ“ﬂﬁ%“bﬁﬁﬁmbﬁﬁﬁoﬁglﬁgbggﬁt u?sh@sBﬁﬁg

di stri bunhkanscyel eheadpovimyy é1éhertcan be replaced with the averaging
means i n case where a strict 50 bri ght ness Erecision is not required. The

aver agi ng means4 briien dép-eEsier dakitovpbiei velihe@-pdfteppéget viash _
STDOL N Ngn PO PREBSATANS JREK PLecT Rl RRE LOv2d:AIDOLNY 89 Progess, means in

clains of the invention. 5 Further, each el enent constituting the driving
control | ent@@0s sifch lagitheé swerafyithg owapst 10m ¢heod . yetiagk-catteal ati ng
means 10 contraller 121, . frequenc ettin ans 104 urst. pul se
generati% 1%%%%%f%?ﬁ?‘PPéqEéﬁcguﬁ?%?dﬁﬁanﬁ%%hggfgg?%aﬁkﬁgﬁ iﬂﬁgY?ﬂ% neans
123 and fledgstt Ont e diihi vthh¢isé 1 dgedO. means 124 may be achi eved by a
hardware or software or by a hybrid structure in conbination with a

har dar e and s©o1® welt et CltiEHb gt areht 1 ) CBUbsBHiRDtaY d8gABibrRd §R0% col d

cat hode tube driving device according to the enbodi nent 2 of the invention.

In order 15 to correctly detect the average current flow ng through the
col d cat hode tifbixth Sdlevides éétdroml range for a m ni num of one distribution

LS 12 L eduId ik LT B P L AR S RN S 8 o e
the | onatient idriedfsuithm0 bdi makigg eviel foThewengodeseiated $0l ¥eSoldi s
SUbjleSCt'cathode tube driving device in which a power supply voltage
variation is considered.

The present invention of the sixth means to solve the
subjects provides a cold cathode tube driving device that
generates a driving pulse obtained by dividing a clock of a
20 predetermined frequency in accordance with a frequency dividing

ratio corresponding to a difference between an electric amount
in a cold cathode tube that is a load of a piezoelectric
transformer and a reference electric amount, and then outputs
the generated pulse to the piezoelectric transformer, this
25 device including a frequency setting means, a frequency
dividing means, a power supply voltage detecting means, a pulse
width calculating means, a pulse width distributing means and
a pulse width adjusting means, each of those means having the
following functions. Each means may be achieved by a hardware
30 or a software, or a hybrid configuration in combination of a
hardware and a software.
The frequency setting means obtains dividing ratio

information as to the driving pulse from the information of the
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Fig. 9 is a block diagramshow ng a configuration of a cold cathode tube
driving device according to the enbodi nent 2. Nuneral 104a denotes a
frequency setting nmeans for setting a frequency of a driving pul se of the
pi ezoel ectric transformer 25 1. This frequency setting nmeans 104a adds or
subtracts the frequency corresponding to the error data Verr to or fromthe

previ ous,.f fgygygr tii % .Epr u i.data FEnext. The
differe%?j%0|nt 6%0%??%3%%Pegh§§éﬁgsgg?iﬁgg%%§%§ ﬁ%ﬁg%Q%TE?ﬁég ﬂ%$ he
enbodi neteuestmvdiivii dBingy ni2arss tarat ,pudreeEngv iz i e IMUdidt idag anesdrosn ng t he
frequen dividin% ratio.i,ncludi ng the decimal fractjon, the effective bit
nunber (S Hé USRS OF PAAT TS M rRan £ H00URRS RofeSF F-PRESRROGAE Fenta 2 whi | e

it is figwed iny phesendeadimentiBut The et 8gdehy dmaid ity theied faedd ve bit
51 nunber in _the decimal fraction neans wll be nade apparent |ater.
NumePal 12 BaPHeR6t E9radéshtiBrE&nfarfxRMeRREY iyl Wl rAt 9 Rafpdul se at
a predet ] i u QeNe n tted from
t he freé%%ﬁ%gﬁgé?f$%ggﬁ£g%§qugg?o%ﬂgﬁiéﬁcontrgpgggf?ggggéygg%ﬂﬁg¥ he

peri od Aeens,tianss appliiesa tihat gralduicetde gerl searte Khies pmlvsal waldidr yi ng in

d L.t.h the di ] ' I h I f the drivi | se.
Nuror ol SHOB Cdib BES 1  BRRCRYCE) SPAPRY RBARGIEnECaFELFROBPER  he

frequeneyt@dictisdangowdt i Suspioh WdlatagehanaveppueedOc k¢ eqimnayatdion @mg ratio
Div_of the driving pul se for N cycle becones Fnext/N to divide a clock. The
dri ¥Png th& BEWBE THP BT epdérget EPcthe RNdBEr width Gl Girlafiind Maashe

frequen Lvi di i r.ent i f.r e j vidi ng
reans. 1055 To E o et pant g (e R a ST et IO
det er m pudget we ddihstorfi bbei dnstydbaetdcan balset bhsem opbsi ddeofpawes frequency

dividing neans. E#neraL 25 d%note a d%ﬁtribution number ggjusting means
that det@FhiRed rhé i ST CBOF-GN "naAbEY “FPoffPPRE BUPSE YpdPs&addt h

out put t ge theeinighacbusShngukfe derRedahigngatBansnidZmamnd chheroputpet s the 20
di stribution nunmber N to the frequency dividing neans 105a as well as

out pait s L& EHERGY- BYEF1RY Givanst 8Nt e Hliafubhey 3kt akp deado rIG4d O Fur t her
LLneihaB MR Bt ieghmiseaitabing delse. Tomybesalkyig cetormnec
cont r ol dfis¢qibrtyng means inputs the pulse width information from the
pulse width calculating means, increases the pulse width
information at a predetermined timing and then outputs the
20 resultant tothe pulsewidthcalculatingmeans. The pulsewidth
adjusting means adjusts the pulse width of the distribution
pulse from the frequency dividing means according to the output
from the pulse width distributing means and outputs the
resultant to the driving element of the piezoelectric
25 transformer. Reference is made to Fig. 33 in an embodiment 6
described later concerning this configuration.
The sixth means provides a system in which the pulse width
is distributed at a predetermined cycle for obtaining a
resolution of a pulse duty at an average pulse width in a driving
30 pulse during a predetermined cycle, to thereby be capable of
obtaining a pulse width adjustment with highly enhanced
resolution compared to the fourth means and fifth means

described above. This system enables to perform a smooth duty
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25 even if the distribution nunmber N changes. The ot her configurations are
the same as those in the enbodinent 1 shown in Fig. 2, so that the

expl anation thereof is omtted here. Subsequently, the features of the cold
cat hode tube driving device having the above-nentioned configuration wll
30 be expl ained below. The feature of the present enbodiment is that the

distribu N he distrjbutiopn cyc varies) in
accordan%ég\?\nr{%ﬁmpg{éhbﬁ}r% [SJ?JI éé \%H?ﬁ?ra%%sﬁr% ;'rg%gebfl:g% F)Xg at the
sane ave:tmgedriagtaedzyvmgEZflcilemlytcamenu.ﬁl)ezﬂmrmd:m)tﬁan@ﬁbrm@rchange

t he control o cle]él pur st uI se C clegj even if the distribution cycle
changes. THhF 9% ?gn‘gﬁ{}g\h’t?ﬁ EIRPWSHTe/PGL 19D @EN) @ SRGKS LORLi SRR Fie
frequencyudiMédi ngniats ﬁén i 39 @%ntcﬁr%tl%@l% avenagge
frequency accuracy at cle of the driving pulse. In this case, driving

i s perfofhBbribukiennds 5 et heeguaRC Vel uielng exuiehey . tFEgebIOHQB) shows
that ther&ir‘?ﬂh'g %‘A @hﬁvgzghgﬁ' ffé g styduted 89 Sltc &%assa average
frequency accuracy cyc the drivingp thi S"case,

drivi ng wstpetherakdvetmdnt i oned ﬁourtﬂe maamsaane:ﬂageftm erqe&nsy tThechi eve
the sane contro c%clg\/tg} t he ca}cre shown in Fi In.order .to

correct | §ORRERAE &tfe YEYEht A Hﬁrh’gegﬁ?ﬁﬁé%et hercbPpre%iRgde t ube
4, the d@fgg@j_@@cyange for a 15 mnimum of one distribution cycle is

reqw red as explained in the enbodinent 1. In the case of Fig. 10(A), a

mi nikfum of 25 @ﬁfetfﬁéabﬁﬁsmoczmu@etla%tsyx|t§l TR ut@dscﬁbveaméubm@caét ection
during o r t 0. se.of Fi
10(B) . Oht e ot har Rands et ry e Seeud dase 50 1 R r i MO

distri bu@mtputu:cﬂrteepuitsegnetwh 1scﬁoirtmat1bhea$;m—lbe_ttt date Ursead upoli ghe10(B) is
hal f that |n Fi 0(A) ., Howeyve .UII’I mj recision is

ot 1l 1P (HERTY COM EAe i LT Tk

appr eci aimf)cﬁ‘rmfti&WothlaQWe@eéﬁ ﬁ?@@@&e@]@@ﬁcwwm et dianel fiI8aPr eci si on
25 conpared to a high brls%ﬁtness means . Al ow bright ness ‘mode i s used to

reddde pdveiPudersuhpth ¢h shrédpudding meanadd ﬁynﬁba@r@d tEputEtsdatan
di spl : t t h
I spl ay) Béaf’r{eZd’ b%)fgﬁr%ba {he, hf[ihh Q‘Edg Rrig 2 d%f/i}s t%( 8?ﬁ€h¥mere the

bur st p se W m)ret e prede rmn
di stri bud+lmint nuuibess w:sdtrfaohmmatﬂm ahdr irige miunbmeryotofof i 2rest fiome dri vi ng

oL 1o SE0R LSOO L IGHERE88 150 85 0 Ly Shanos e ol frequency,
burst pusecid d-+benghlese tw danwern fdenat Sh.

20 The present invention of the sixth means having the
above-mentioned configuration can be described as follows by
illustrating from another angle of view. The present invention
of the sixth means to solve the subjects provides a cold cathode
tube driving device that generates a driving pulse obtained by

25 dividing aclockof a predetermined frequency in accordance with
a frequency dividing ratio corresponding to a difference
between an electric amount in a cold cathode tube that is a load
of a piezoelectric transformer and a reference electric amount,
and then outputs the generated pulse to the piezoelectric

30 transformer, this device including a frequency setting means
for obtainingdividing ratio information as to the drivingpulse
from the information of the difference, a frequency dividing

means that produces a distribution pulse having a dividing ratio
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di mming | evel, thereby being capable of enlarging the di mm ng range.

Al t hough the explanation is nmade here as to the nethod for changing the

di stribution nunber in order to lower the 5 dimmng |level, there is of
course a- nmethod for changing the burst frequency in case where the flicker
caused by the reduction in the burst frequency can be avoided. In this

case, thggngnpey zpftltn\e@es(LA&R t8§r9h§tﬁléyﬁi&§ S A l\é%gfbuﬁ@% same

frequency may be changed w th he di stribution nunber constant as shown 10
in Fig. VithRrgspgcot et hefendode rsintidiing iag icaBe.a ipowdingsupplynuner al

1210, dengl e 8o apLLolL s CO) BHLSCSVER, Ll LIS bR oL LR A O ver

at the sane uenc 3] set rom d nunera

126 denotreﬂitage(,)rﬁ pullsé&v:&yt(i{ eadelilliang noamesn $ kalatsebsptibe thd pumgeMﬂes A
of t controller. 121b.,in %nchronlzatlon wi th the burst pul se.
i ncr ease¥1fhB LR6GARAEECRA &8 Aol €Ak MPREEANTRAPRGLNRVRPWER éﬂEBlM,here t he

di mmi ng beyehgéqmmbmeth@%&f&ﬁ edet 8riH Msdhd eV tf)bIQQ

configuration shown in Fig. 12 b=ings an effect of 20 greatly enParging t he
det ect i oAt r%érééﬁﬁaﬁédﬂ%@dm BeBogi e alpuh$¢ waulgth dhetbubstifgequency

brosont Boeadi M P TRoarta enu P RdRThi TR cob BRboR faRge 25

present a neans angl ﬁge 25
accor di ngAm) thet cuettya off the it ppubeewattadLomOﬁrﬁa&ﬂc&pb@cr&mi@nhtnf t he

aver nmean a sinple filter nmeans as expl ained in the enbodi nent
ﬂﬁf t hEPOt ¢ ﬁhéM ecr}érrém dStLiitflioRg PLA& ed F N6 Hgmﬁén{f?BFPﬁ?“%é Blich as

the aver ggk NHoiea ge £ 0R-1 £F 1 OF ‘&’1%tﬁ%l@%&?é&%f&&l‘?%ﬂ?@ﬂ%@?& control [ er
121, frequency setting neans 104a, burst pulse generating neans 122,

frequency di vi&li mee henasld 08ade oin pthe extaiite nignadeadss 1948 Htewbuyi on
ggﬂchedg%H§£éﬁ§?g§££Z é&ggb ﬁ%@g'drtg%ng ybr&}%ggngauﬁeigﬁ: Pﬁatigﬁ
W th alnwawﬁuecmmﬁfgﬂimmtedlstrlbuteachstrlbutlonpulsesuchthat
15 the duty ratio of the pulse width of the distribution pulse
becomes approximately constant, and the frequency dividing
means 1s configured to include a frequency dividing means that
divides a clock having a predetermined frequency with the
dividing ratio D illustrated by high-order (M - n)-bit data of
20 the M-bit dividing ratio information in order to make the duty
ratio of the pulse width of thedistribution pulse approximately
constant and a dividing ratio distributing means that outputs
1 during nth root of 2 of the distribution pulse the times
represented by the low~order n-bit of the M-bit dividing ratio
25 information tomake the dividing ratio of the frequency dividing
means D + 1, wherein the pulse width distributing means is
configured to add 1 to the high-order (A - n)-bit data of the
A-bit pulse width information when the output from the dividing
ratio distributing means is 1. Reference is made to an adder
30 110 in Fig. 33 concerning this configuration.
The following configuration is preferable in either of
the above-mentioned means to solve the subjects.

Specifically, the cold cathode tube driving device may
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(Enmbodi nent 3) Subsequently, a cold cathode tube driving device 5 according
to an enbodi nent 3 of the invention will be explained. Fig. 13 shows a

bl ock di agram showi ng a configuration of the cold cathode tube driving

- devi ce according to the enbodi nent 3 of the invention. This enbodi nent
provi des a cold cathode tube driving device that does not deteriorate a

i ghting ne | | | i f.. L. i Lf the

i i ng Poae RGBSR Adhe bEMHS 8 QUphLY R riby REARL, BoGEERRL

nmeans fodetetethgmpaars Hot plet ewdalingge chiroemthel i isrpeheotighctta andfior mer 1,

and 15 a_shj el,di n ns f.or _turnin n or ,off 15 the detected voltage of

The ol eocarhies) NI hel e Hoah i Me®hs e et S Gt e S TR oo 14
The shielatitng febd sCONE ¢ BorRed ruch dhalsd it PR geobbagenther ef rom

beconmes at "L" level when the detected voltage is turned off. Nuneral 7a

denotes BrpBakh@eFRErPRy ARbPeting MearTtimeO e wWwRPorinatebytlge of the
pi ez0el egbitgqb! A HYITROnTOUEPUEASH JIRMINE 3l eLdl0g: IRAPS: {2qand the

maxi num t ube Current outputted from fhe current carrent
det ect orsbgnapkakntiet acdipgt akansgial , val seget dit @ cp i oce seansarig, fshi el di ng

means 15 caonverter .1 Ql . constitute a data caonverter, 700a_that 25

ti ne-sha?rﬁﬁgpi{ﬁ%t%& so%tﬁ)gtcg?FSn?r?wo%%&érﬂF@ﬁldﬁrttﬁé ES‘IddaBa?ﬁ{)ﬂlé tube 4

and the ool pade VOhl@gea©ind heedh £zORd €Ul €ip T oS TOI MBS rdnadddgpaverts the

resultant into digital data. Numeral 127 denotes a |ighti ng det ecti ng neans
e

for 1fer FRERYPRY LHE ghthisTaddneanidn ot spferengrgresr ebeptibe cattPefom the
A'D 30 converden gﬂé-sdao@;&ggdiggaf%%a&%w9'%&Iséd}§et§§g§+gtn§@trg§ans 15

at a predeterm ned peri od rtormng the li1ghting

| i ghti ngtiieteztihtamieans W2y fsequerdyguret iroy outgne s deteot idatswi t chi ng
pul se to the shielding neans 15 55 and output a lighting detection pul se
to a dimmng | evel switching neans 128 and a control cycle sw tching neans

129 descarberd DedexIpTion OF grHE MorAEiNaTs | ng nmeans 127 will be expl ai ned
later in detail. 5 Nuneral 128 denotes the di m*nqrj?g | evel switching neans
for 1ehangi ng fAF- theldianhiRFH Sii9mqFpIscdemad iged oursfovpis e gener at i ng
means 122 besaddpamh (e J L0019 deIGhi O ISL QIR tl 4 om the

|l i ghting detecting nmeans 127% IJ'E iéﬁ:onf]‘l gursgij'at%g outlput lfrﬂe previ ously set
di mmi ng ¢revadingnt hef thetrradant invedrd itanbe noted here that the di nmng

I | at th arting i 0% t A V] . | 12 d t
ch'?r o?l er '?h;%lar‘alnj]gleﬁl Sa[ #goﬁu]éngel%ggf%%:é??@grll&\gf %?)C(?HT ir(r:%a%ﬁdlet hltglbseggg =@

f requencyr fvianyg tdesr i@t acderdThgst 6 it refibloRiimes tSAN®f ashé hatvestoveni n Fi g.
12. Numeral 126a 15 denotes a first caontrol cycle setting nmeapns for setting
a fPPst contrditdyd ésot tiHelrbANAAY €PT19XBL2RALPE RUIMPAF2ED®D WYenotes a

second G £Qh d EHHRRLELHOYrTRARY dOFi &EhELBYdRn8acPPHe M dPInGyc! e of
the controller 121b. Nuneral 129 denotes the control cycle swtching nmeans

t hat per¥;ornms a change- over
Fig. 4 is a timing chart showing a specific operation of

the cold cathode tube driving device according to the embodiment
25 1;

Fig. 5 is a view for explaining current detection
characteristic in the cold cathode tube driving device
according to the embodiment 1;

Fig. 6 is a timing chart for explaining a current

30 detection position in the cold cathode tube driving device
according to the embodiment 1;
Fig. 7 is a timing waveform for explaining other averaging

process in the cold cathode tube driving device according to
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20 between control cycle information outputted fromthe first control cycle
setting neans 126a and control cycle information outputted fromthe second
control cycle setting means 126b based upon the lighting detection pul se
outputted fromthe lighting detecting nmeans 127, and outputs the resultant.
As descri bed 25 above, the control cycle outputted to the frequency setting
means 104hiscrbBangednever between at the starting and at the lighting. The
first control cycle setting neans 126a sets the control cycle at the
starting. The Eoftr8l igyal bleek dyaghemfsh@w1c@naro@leecathgdeeaube126a is

The soconti-aontrar Ryer e iR ueb A h0TEHEe Fadd RE EIR PopBusebtar the

Ilghtlngl Its cycle is set to correspond to four distributlon cycles (the
anou Ais 4% gke the Eglnent 1. The, ot her 56 conf i urations
are t e sane aE*¥hodefnt R BUPFERD SDRYHPA Aetlh %%F%%d?igu ®, so
that t heahexm;ad@&i@éwacﬁd&dzmgt tredaResMbod HEMYI NG FCOREr PhL Rt #8Q¢ 1S
configured by the averaging 5 nmeans 102, error voltage cal cul ati ng neans
103, frequencyF%@ttl%guhéegémﬂog cleaht i1 @xplziming eguepeyatiionding means
105, bur e £%¥H8ﬁ 0 n i ghting
detectlnggngg £ gegﬁ%?%%?%g evei;ééffhﬁ Egangaggb&gg,gggggglég F%ol cycle
settlng nhanemndﬁameBECbnd 10 control cycle setting nmeans 126b and control
cyc SW t chi 129, .t.hase of which are configured as descri bed
abowh Subseqﬂghgl i é?ﬁeﬁuéﬁec%égﬁu%8§ SFpgﬁénﬁgﬂdoEg?ﬁoﬂeaTﬂ£% drivi ng
devi ce ofrtiies ?@‘E&Q@tﬁjﬂf’w BEALi haYphNs&iih the Bavungath6de tube
above-nentioned configuration. The features of the 15 present enbodi nment
are as f@riving @le%ec%)fh@@ﬁ@lb@@ G@ltﬂl‘@lgem%o%eﬁq?@? md at the starting that
can assure theqJig erfar t he e f
lighting, a dlnn$ FE%S%%Q1$§96%§$%%Fr%sh| ghg a5 §f§|§%% %%e?&ggo (2)
The det ea;trlmmg)fdet\he:é iagftoimig nigs tpeafrmrdtefche/d mkud'e piiet baretbedisent dt h at
the %! immng in order to suppress the variation in the brightness

ately after the Ilghtlng In order to realize the feature (2), in
partl cular, thejgontyals Cay(bll%dksdQB@@gﬁdsﬁM@inEth‘&?Dd%aﬁtﬁ‘@détﬁﬁﬁé ng and
at 25 the Ilghtlng, and the control cycle at the starting is made shorter.
Fi rstly, dF ¢ing dehGk acomddndcyel @k etoqthidentast PAgthadinveption: Fig. 14
(W) shows a drgiqng pulse diring Gne ool Bhotuthendlah pSlAiddm 1 - a .
, driving is pertorne at 30 the sgne average trequency. Fig.
14(0) skmmwmeptﬂoﬁnunp|mml@ECthDdg onbecdnivnhgc@evecaia¢¢mrd1@mntmg, i.e.,
dri vi.ng |s erfo med f r times at the sane average frequency. Fig. 14 (B)
shoé@ é%ﬂﬁ?@ m? detection period at the starting. The 57
det ect i on ls rraldﬁ Wist st adelfaymAchlrf tatbwiiga 1dghDing iwsedt Mext t age
(current) detectiaon Eeriod at the Iightin .. The detection is made with the
del ay A BIRFG R ¢ ilke Pﬁé‘?:]é%éaé}lhoﬁﬁe 9P rds g n% dSyBSEReRPTFLIRBI P ned i s
t he opergtd 5gd§¢Fh ghting detecting neans 127 for making the
change- over omthe control at the starting to the control at the
| i ghting. Flgdeﬁ ditows akuawgﬁmrmiqhanﬁ folreekpghtinhggdet gt fngf means 127

at Ege s aarlltllr}g; q.lg]h%lg‘l%)l %W% co]_SUtQ%‘hogm tlflatgee reJ:[veJ.Cr;[glo vszic%nal

according to the embodiment 3;

Fig. 17 is a waveform chart for explaining other example
of the cold cathode tube driving device according to the
embodiment 3;

30 Fig. 18 is a block diagram showing a cold cathode tube
driving device according to a modified mode of the embodiment
3;

Fig. 19 is a timing chart for explaining an operational
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10 of the piezoelectric transformer 1 outputted fromthe voltage detecting
nmeans. 14, while Fig. 15 (D) shows a current detection signal outputted from
the current detector 5. The current does not flow at the starting since the
cold cat-hode tube 4 is not lit. The control cycle setting neans 129 sel ects
the first 15 control cycle setting neans 126a, so that the control cycle
cor r espoash Bebt Qo £ Wohe &8 Ao\ ,&%mb%dar&%-ﬁgt deT9€edLOBL PG hEVES

swi tching neans 128 sel ects the di nm ng IeveIl f the continuous”driving and
out put s tihe medietied medel efinthe cembedinest Hul se generating neans 122. 20

Fig. 15 (E) sho e-pver pulse that is a detection pulse outputted
to the shiel dihbﬁl rrgZa(?]rs]ﬂl]% fﬁ‘oon‘ﬁ't A4 S o pzleﬁjerbltri%ga n'cboa%tgwalrf? for
det ect i ngothisghr gt omof Werolli ca chody @ ubeedr Pel 5@ devidle adtot@Mmed, the

shi el_di ng ans i ,{ur ned F, and a peak value of the current detection
signadl 2 %d?‘b‘i’t A R the IETRAEI§Hy Teans 7a. The detection of

the lighting iggletar Mignedphyciha;ayt-BHt sh8¥hgOh é@?dp@ hod eqip g means
7a when the change-over pulse is at ""H' level. "Specifically, the output

f rom t hedpleain gl stegcideng ceeadd ngat psa atodddiied awele af the emdvedingit ng
period sjnce the tube current 30 does not flow, while the tube current
flows wheh the lighting is started, so that the voltage corresponding to
the tube curréhig.i 22ous putttied rigr ohehef pealkpdetietin@nmepasadon Ther ef or e,
if the change-over pulse is at "H' |evel, the 58 lighting is not executed

when®t hé JUSTHEN TRt HE ifkhiteddt et dg ameiRodZdand &7 "L 1 evel, while the
lighting is detjgr.npbpe if : u k
detecting neansl gpi spsntg?bfbgggq{lhﬁl@ﬂgﬂgggag%P%Wﬁgdgféég?].&%ﬂeﬁaﬁi g. 15,
]Elhe Iigrﬂeihhﬁ}ﬁl_sﬁ%gwétr@dgai E’;é’xet ie&?dr:ﬂj,maMterﬁleypon t2he thube CUI‘I‘EP'[ staLts tok
ow as shown . - . xt., at _a tine : e output fromthe pea
detecting near%lsl%alzge(l:%n%sv o asqoé-“{/lé)lg SBFr %}s(%%lﬁget%%t%eret elocrlfrt}lé)nt when

t he changeswaeer puice s liyn vdlgagkb ankd) ars oatt itddm ldemel invigieeby t he
Iigi]gi n?e@)]boog%s detected. As a result, the lighting detection pulse shown in
Fi gr215 E f4om "L" level to "H' level. Subsequently, Fig. 16 shows
each wavef or mpaenoshes GontinQl, &t dti%%r%haéﬁbﬁgngsa shudtedd %éa'ﬁﬁ:l@n”?' at
the lighting. As shown in Fig. 16, the cold cathode tube 4 starts to |ight
15 at t o€ a6 wellBE wiglthhaditisd ingoeausr émt tdraermpodamengwd ;At the time T2
i redi ately after e.tine s the |i 1 ng,i s, detected .h ange-over
pul se, V\herebfflghebl%l éﬁt Fné:{]a‘lépgc?ﬁgﬁ%%tﬁfnsghgﬁitf ?Q%f F%%lgxéntlpgvé to "H'

| evel . Gherathen bghithaigpudetenti don 4dy st iy aleanld’ ihemed edibddimez@ time T2,
the control cycle switching neans 129 is switched to a state for selecting
t he?%ecdrid control cycle setting neans 126b. By this, the control cycle is
changed from fhe . cygl escar kempeRdiagFo rivena2Re raki ¥ikpdaBAk hgdant 0 that
correspondi n%_to four same driving periods. Sinultaneously, the dinmng 25
| evel swWPeEhitAg@Nneaishel P8 lekargashtad Wit gekasel nfidre en@ogdmentuous
driving, .o the externally applied dinmmng | evel, and outputs the resultant
to the blrst pul se generating neans 122. By this operation, the burst pul se
is outputted Figm PBeiki aecIZcastshaagrem Bhgwith§ &hpthetorehéieby change

the dinmmng to the 30 burst, diming. Ln this prpcess, there is an . irregular

por7od PHATRYS, BB dlit vim e iEtore 94 86 BraPReEt | g (S CAamSnd  n Fig.

16 (D) , whereby.the Bki ghtagsagchangecenr ERaRONEbRJekP1EMhEnyr kAUl ar

period occurs. wever, this period is sugpressed . 59 to as nuch as 50%
d

of the epsrpsionyefetae pHski yhrthgagenpedngsveanat ofhehpr RBREAESs change
cont rol “eiar oS, BRRLB e TP R LR BRRBAE A D el Ty 4 For exampler in
case where Fig. 30 is a block diagram showing a configuration of a
30 pulse width adjusting means of a cold cathode tube driving
device according to an embodiment 5 of the invention;
Fig. 31 is a timing chart for explaining an operational

concept of the cold cathode tube driving device according to
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5 the burst frequency is 150 Hz, the driving frequency of the piezoelectric
transfornmer 1 is 15Q KHz and the distribution nunber is 100, the
distribution frequency {1/distribution cycle) is 150 KHz/100 = 1.5 KHz. In
order to.obtain the burst frequency of |50 KHz, the control cycle becones
ten times the 10 distribution cycle. In this case, the maxi numirregul ar
period i 09 . optrol cycle at the lighting period as shown in Fig.
17. The gﬂéngﬁg%ﬁagﬁggbgfghtness | evel at this tinme can actually be

negl ect ed. FurFher, 38aksng wames fost raheutt arhaowinhiera @ir itnleg pdteawtti bgelb

smal ler th the disstributi,on nunber at the |jghti further shortens the
irreguIaFogngBSPOFS tHEFefy 1B ga ﬁHFEeo?noBbgiﬁmﬁgdém§8Fiéfactory
lighting peFfOFﬂ%DCSB & p18cxhavsghbinSsESRY €& doh fighrakBoreRal 125a
denotes a distribution nunber 20 adjusting nmeans for performng the
change- ofetdofathedqi tike Kinivema geva cer aare helng diuarc gmbedimeg tnans
104a. Thgffgﬁgugﬂggnﬁggkgng means 104a perforns the sanme operation as the
frequency setting neans shown in Fig. 9 in the enbodi ment 2. Specifically,
t he distributiBagnudders ehangesidepeagiag siponikd a4 eadditzpdt ekampiléehe

di stribution . nunber,. adj.usti. means _125a. . The different point fromthe

di st 1 buPT GV AT DLRRA R ShadRe 158, SR IPH AEGeaS hos SHEBAFRERE 2 1 s

t hat thegglistribution nunber adjusting neans 125a in this enbodinent is
configured to change the distribution nunber between at the |ighting and 30
at t4e startingl9whd ésthragpdormphaoh fruneerlatning EndiseakkUlRenin t he
enbodi ne 1 Is i o i t bur st
Ul se wi TR ooy (e thare Surde hetcy St TG idy S ARGRy Hehd 1

accor danteewembodieedt bt ng | evel . 60 Therefore, the lighting detection

pul se fromthe_]ighting detectin an 27 is inputted . to the distribution
nunber adjusti%bgnggaégrﬁéﬁ?“¥%a%bgﬁéf%o ?%i?%ﬁ%%éFégtﬂésgﬁh%uﬁﬁo?hose
shown i nekafpld of X Hd pulk shewsn eashripvef apieafcaashiAgansahsomt he
starting to the lighting. The lighting detection period in this enbodi nent
at the staetPHEI Rk gélf the period in the enbodi ment shown in Fig. 13,
whereby the ir ul-af ; i I t I Walo R | is a
nal 1 the peri o Shoan' 0 1 prg R DS Rl En o R o O 07 he
col d catéaeplaebef drievipng sdeviidéhoflisheibubodgeaicBlat ingeméaneninon, the
continuqts drivinﬂpiste ecuted at the starting, thereby being capabl e of
shifting % ?W&P% St d f)m ng wi thout deteriorating 15 the lighting

performance. Furgheyg ihangiloekt Aeageakr obteyake BY éh@pﬁiﬁﬁiﬁgg‘;@@d at the
l'i ghting, or changing the distribution nunber can |H$yove t he Dbri ght ness
Her

chak§e atuifr vnfy%@i bS ot R e cal bkt t g Imesans, et givite an

ef f ect cgmggﬂﬁﬁggplg;inproving the lighting quality. 20 Each el enent
constituting the driving controller 400c such as the averagi ng neans 102,

error voltage Rigg cud@tisng idank €03gresnefobherhe2Imode rayueirgdseyti ng
means 104, burst. pul se gener ati.ng .means 122.. freguenc i.viding means 105,
out put e%ﬂmlﬁih%’hfg%n@‘ﬁ%ﬁ?fﬁ g"Ht Cg]éﬁterc]t%%glrfﬁa/z}r]as Cl&Zl]‘fijld}gmﬁ“%agn? evel 25
swi t chi ngriearss )128, fhd dmsadiinient ocl e setting neans 126a, second control

setting neans 126b, control cycle sw tching nmeans, 129 and di stribution
nunBer adj ust ifig médnd 512551 §PIRY Hh EE¢aH ep¢ YaChar anarEel8F 1SoPt vire or by

a hybri dy sdzdictdier i O SO MAOon Wi th a hardware and software. 30 The
other features of the above-nentioned enbodinments 1 to 3 are that the

devi ce may be Eiant ddl Led pyriacdpiliewtiewsdheeconweptoonssi agiving et drivi ng
COnt oL S P LB Atk SRS ol v, the control can be schy eved by
system Fig. Zigshos iz fd awivedfarn tohentg dftheaeds meahst e emzodi nent 1 as
an eXarmc!oeriventional piezoelectric transformer driving;
Fig. 43 is a waveform chart for explaining a conventional
digital driving system;

Fig. 44 is a block diagram realizing a conventional burst
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In Fig. 20, step S1 shows a data-read process. Step S2 5 determ nes whet her
dat a-f.et ch nunber reaches a predeterm ned nunber or not. If it does not
reach the predeterm ned nunber, the process returns to the step S1 for
fetching data again. If it reaches the predeterm ned nunber, the average of
the data obtained at the step S3 is cal cul ated. The predeterm ned nunber 10
means heagmﬁig?i;vi ng pul se nunber that is a nmultiple of the distribution
cycle. These sfeps S1 to S3 correspond to the averagi ng neans 102 shown in
Fig. 2 in the Bhpodd et alvisweposlexphpiriosy éxttecoalvieyp tapplailedureter ence
data w tgi%fﬁtgge data. The step S4 corresponds to the error voltage

cal cul ating neahs 15 103 in the enbodinent 1. If the reference data is
greater than thegavé6aye savavetfbemnexsrfreouesgyldivinlyng seatoihg set

rat her great téso as to reduce the_driving frequency) at step S5 in order to
i ncr easeMehBOQutF el er FOMRBELARBLGRUE AR €HTBIRSE hode tube 4. On the ot her
hand, if the referenge; daja isc2OrmnBhdef thanckbe. AYELQIEnGak&, the
frequency dividing ratio is set rather small at step S67in order to

decr easestaet tg re@thod il nghe heonyent henad| durat hddeminge 4. The steps S5
and S6 corres t o, t:he _f i 4 shown in Fig. 2. Step
S7 divides a 2’101(; k %colpsr gstﬁggg?ﬁg%tgﬁ%E%n%%ﬁeo S’Luatjig“rlntﬂ SchééeSF At mer

f or med ofhé heomvenbronpltpiezbotéconia soinsdsmpentdtheinsgt frequency
dividing ratio., This_corresponds to the freguincy di vi.di ng neans 105 shown
in Blg. 2. Stdpr®s tount & (HEMNGIOWENGF 2t RESAIWded 8hta %EBYr%%ﬁbb?idi ng to

the dri viag,Puhssy ifrprth@e&%%ﬂ'tBQ?Mﬁﬁﬁrtélhecﬁéfé&l@&heﬁoaer@@éeOf tines

30 reaches™ t he predeternm ned nunber. It does not reach the predeterm ned

nunber, dpEvin®cdesi¢@turns to the step S7 to performthe dividing at the
sanme frequency.settd onc I 0. i cQrresponds he. control | er
121 in Fig. 2.F16(§' édll%esr e%a?)tlgg%l glﬁ\gr}g{% ggggzzg\nggtﬁ LFls ca?%:%?ia tg%i&gt step
S9 basedfipofiréheerzyediinal d \nappltiedidiond sgnienel onaWig i el btysé pul se
is at "H' Jevel, the above-nentioned divided data is outputted from an

out 6|§t_ p‘%ﬁ%c,? %ﬁh‘éy? hteukb%_t%’iﬂt"b"b‘?tg?‘é‘l%ee& 3 " L" | evel 5 when the burst _
pulse is at "lF; 4 eval i sTHI §av@EOSn CHIBSFRRdExbeat RenBUER Topak S€1 gener ati ng
means 122 in Fig. 2. The steps S10 to S12 correspond fo the output enabling
means 123% @ahigving Bhbigperesdbut bon tdfe asfteabeackadivigphy wxpl@i ned
above 10. by, .t aki ; S{bpdi; 1 1y F AL exanp The
pr ocessilnrg %@e géés]g‘ﬁlpvxglr% 'S dplg%F{;%%% eé}lt}g%delrhot%ag%h%drﬁzt I nen(%&?@lafq hough
speci fi cdeexiazgpl es are not illustrated here. (B) Cold Cathode Tube Driving
Devi ée/ Liquid Crystal D splay Device wherein Power supply voltage Variation
is 8 consi dered Required to the piezoelectric transfornmer for driving the

col d catgsie Mathes thed dsRiymvdaskdt il besi@aldy are di nmiong function, | ow

el ectric power (high power conversi on efficiency) or the like. Further, in
case where it A spasédicrepordbnert 26 agul Prchrcryisch ladl aphey diblcsi zed

per sonal, COMRHLEY (& ediidlbal 1¢LAG01938ET By pLARLE AL AN I 110 b o abl e
power conversiom efficiency aré desiféed wi n"a w de range of a power
suppl y walttrage feorsiceriang tee htdwimgss.our ce from which a stabl e source

canpot be obtaj,ned.. 25 I n _aqrder f.0 inproye the above subj.ect, Japanese
Une&am ned Pa?ér‘?t' Pubid @atqq@ﬁ%\lélai%a@- iy?@ﬁ'@rn& &el® E‘@ “hod for changi ng
a pul se cWrtitikyulrdtior af @heofl iapudrd \6 G teul S8 JIpP1 HC ervdarc qiaMildy a power

supply voltage to cope with a w de power supply voltage range. This nethod
i s ref emamtied dhegxdipt ¢ 30lcoreitbrdBetBRe FhEVHRINEEPLES di sit Jsétt in the

4608 Pro REERT SR AR R o TR e B A TRt 6
image, 200 a backlight device (including a cold cathode tube
30 210) with respect to the liquid crystal panel 100, 300 a liquid
crystal driving device that converts an inputted imaging signal
into a liquid crystal driving signal and outputs dimming data

for controlling a brightness of the backlight device 200 in
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is a swtching transistor of a piezoelectric transforner, and Fig. 48 (B)
shows a drain voltage generated by the driving pulse. This drain voltage
vari es dependi ng upon the power supply voltage. Wen the power supply
voltage rises, the anplitude 5 of the drain voltage increases as shown in
(C© , whereby the FET is turned ON before the drain voltage becones O V. In

this st ; ) b, rd - Ci iting the
drain aﬁédﬁ%ffﬁ%z%%ﬁ?&%ﬁiw ﬁg£§%e#%\fTh¥%§r§a%%&%%f§A reakdown of
t he FET.d¥freing hientaplbecufoendriviomg the dombkIghtes @b esrol ectric
transforner, the. piezoelectric transforner may_be broken down., Therefore,
the dri v?%tlb#@e#% %dilgm‘%&ﬁuég‘gae?ﬂaggﬁﬁrﬁ%%%’érwB:r? e poReY 1 % ippl y
vol t age Son@Solrepy £VROG 4 NSowePi ShS1H £ee € UFd £ Bokd ©Bhd DWW Whg R 9. 48 (D)
shows a driving pulse in case where the power 15 suEpIY%volta e increases.
af

Thi s 3dr | 95 hg PIIREL§% sEPuidadhfieon kgt Aréwanperor fEt 466, t§@0 dri vi ng
Dol e DAyl Rt hansTELERInt o] THAIERTE kALt NEu @

voltage of 0O V as shown in This method enables a drirving w reduced
| oss evedl Wiitrhithea baiakd ighwe desimel ¥ 00obeagd npogeth@0dAsv tegqribesl above,
t he docupent di scl oses the. net f varyi t he duty ratiog of the
driving ]iﬁ%et%f% REor aae{%]el%ﬂ'uhf(ﬂoe' 8{) e sciﬂaq%l )F%‘fetra ; af[kbatt her eby

enabl e tdieettsel d 11 ded et det D \WRTi va DS ta VO ldfagBe IWIGE catiBdB¥&iubd N case
where this nethod is performed in_a 25 digital driving system the

reselutioll R threbagky)iphtitevice 898@@%@&6&_@ tdie gRLERECHITRTUBY 10 Mz,
wher eby h&iiblibakan! aRes el BBNES GRIOLo NG, OBALIGE. cbRRLS1 18 141 O ock

frequency can assure the resolution, f it causés”increased circuit power
or increéddea@ padir-aheg LBI erbtorioned byt husegmpracyi the.)i@bidheneftmle, it is

desired that. t he dut i 0. I b dj ust i

it er val b e Ashiqe 2D, 5ashokBS: 87 EbRE: RrnG atle PRAANT TR A or mance
Wi thin asideowie s Yidl g idwinge cobpadidimaldne dhieriig y ratio can
desirably be 64 varied in at Jeast 0.1-V steps of the power supply

Vol Lige Contgolde 5 fBlke RRvsEsEm S o h SPRETHLE5 L p AT ST ] 08t od i a

di gi tal S RMon he | dr. e f 1 becones, the
rougher °t ées\@rngcgoll ut |r§{r?ot§1et(}(;esnes§\,lﬁ{sc(§t\{}%at Sﬁ%‘r g@bétgggtﬁpgrgvgg{l@m greatly
devi at i mpritmorhltee 4kdls Headliaeat iion & slighade lbyfogint ifiogr aa kebtgnpilbe | n case

where a ¢l ock .of WMHz is divi.ded _jnto, 100 to produce a drivin ul se

havi ng é)r}%'—ecg\}éjné‘é%ofmf@ﬁpQﬁ??élpﬁetbﬁlg%q\}\%%t%r%?tatd#e&plrvo%edcfvglﬁ%se can be
adj ust e oaveny tored £y€l g toamrd1eyel 400y dhBreby¥hall itich e awkdtiliht
Specifically, the dutcéurat,i 0 can be adj usted In 1-% steps. However, in
caseOwhélanting i yean t%ﬁlc@rt\}@rh‘éét]ﬂﬁ@edjcﬁ‘élg?éﬂdor%%l%&@%gé'%%eﬁ t he

pover syl %ol tagR Pfspack to 10 V, for exanple, only 10-step adj ustment
(in 0.5-V steps) can 15 be perfornmed in 1-% steps, that cannot afford a

suf ficient pesSboemprederablemeododdmentsand the foveokiing @ddddi ments of

the inventi .afl ccompl i sh N Vi f (I%lea e-ent i pped.-subj ect, and

proposesgggﬁﬁﬁcgg%ﬁf%Fpgvgﬁgﬁﬂfﬁ ge5%gh%§F% fiv?ﬁé E%Es%éggngaﬁthout

det er i ofcaivies iamcef,f thieeioy 1bwingi ekphahat t eal 1z enade alutic athaade Heube

driving device coping with a power supQII y _voI,tagg of a w de rang%

(Ew%%diﬁ@ﬁ@ ﬁ?ere power supply voltage variation does not have to be
considered is marked by (A) and the case where power supply
voltage variation is considered is marked by (B). The case (A)
includes embodiments 1 to 3, while the case (B) includes
embodiments 4 to 6.

30 (A) Cold Cathode Tube Driving Device/Liquid Crystal

Display Device wherein Power supply voltage Variation is not
considered

(Embodiment 1) A
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Fig. 21 is a block diagram showi ng a configuration of a 25 cold cat hode
tube driving device according to the enbodinent 4 of the invention. In Fig.
21, nuneral 1 denotes a piezoelectric transformer, 2 a coil, 3 a switching
transistor (FET), 4 a cold cathode tube, and 5 a current detector that
detects current flow ng through the cold cathode tube 4 and 30 converts the
detected Tesul 1400 13 ¥0b120R Flan SALLIAYOR Ldier LA AR S 1S
representatively illustrated by a mark a resistor, I's not necessarily
be a rescgﬁdrcanbnéeatubedéngvesgade@ccef9Daglneahs 1hqn1decryste§ a

d . d d
convert st AECPRETYERE achiobhad BFihe e e A b ETREF B 7 Tt

A/ D conventBig. t hat nomevelts ﬁéﬁo\iéhtagﬁléﬂbQUétEﬂlér’OfthEofﬁéti fying
into a di |tal The A/ D converter 5 10l _ has asuff|C|ent

7
nanbar | of CBRESSPATEE B BRBILARPe QRO Gyb: Bt ERERSR GLL LR FNE bl | 15

sanpl i ngycd ek 1has @sz%%qfﬂ%Yt:?é‘ﬁg!LEt@Pt(EfE)Ir) 29SHIdING At eRRNEEpEPEE

required for the control. An out digital si'gnal fromthe A/D converter

10Z is ré@@::sm@@ldbygva@ thenee ad q@Qh@@ﬁot@kseaZtGrbothuangcqgroeess 10 neans

t hat per L0, C l.t.a d o fted from

the AAD %:%Jr&]ver eftr[%tftzla @gﬁp' &?El'serrt(‘aigeft‘;'ié’(ra}ri’ltn éhsanéﬁeéhn%%ﬁ)g% Carﬁﬁg Tt put

d| gital sugaa ahuomhhersﬁom&ldfegqmt(m&sssﬁmansnﬂ@%avb&tagpres@ﬁaed by Vave
er. Nuneral 103 denotes an error v Ita e calcul ati ng neans t hat

naf
nﬁl dres’ 13 TR b HUE BEYRA E%&e' % PR hedrRot AF ngt Privtehsthidhns 102a

w th ext@é@@ifye§%tsiﬁi@éf@&pv@magw&fgnﬁatsuéﬁt&& fbsmd;lﬁef &hePERL bet veen
them and outputs the resultant as érror data Verr. Nuneral Z04 denotes a

frequencyesetiond mghsohgersest thagrast ez ot @DCavdliteigrgapdl $@lof the
Pl proe! ol /D FARLALIPED dondlhos ORINENRLACLLLN TBANS AR4cndds or

subtracts réguency correspon o the € err 0 or fromthe
pr evi ousré ¢ eniyeinty meeintsi hg neal @e:}@rtmﬂ, shgdadut AR tshdddh thdadar Feext. Thi s

dat a Fnext_neans frequency . dividin ratlo for the N_cycle of the driving
pul 38 KRR GO 65 ehdPas =4 L 5T PPEGABAESS T i%uMAg nBEnd TRELSEREERI but oo
the frequengye didd g iratiisp nach ikhaledt ke aver agejteapevencyrglivagbng ratio
Div of the drivi n%ﬁpul se for N cycle becones Fnext/N to divide a clock. A

t

drivi ng geRerier tRd kpa%@oé\uéﬁmmnt maesy g it g snmnstric 6@ Yytahe
frequency xgél"ﬂagq&%é‘? =t Out 4 {&ﬁ' AdG t3s0 4 Y JC%C/’ aldclcﬁi riputing the

frequency ng rati romt e fre viding neans Z05 is
repr eserﬁmthheyh@zphif1Eugnt2t2c(:B)assh@\wagaenrexpﬂpbe sﬁeetdleedjustredbﬂcbr on pul se

y4 duced at _the_frequency divi 105, . whjle Fiaqg. 22(C
oD PR A PGS aeNe L4 hi ARG o TRy RETaLs e, O
Furt her 101 Gs 3Ne SR BiLvaek. ﬁhﬁe@@ﬂfmyr@éwﬁw%&ra\@%@g\ ar i's

the sane as that disclosed in the docunent 1 (Japanese Unexam ned Patent 5
Publ i catr@ezﬁla\bmrz&tﬁm:al@@@asam@rﬁj % SR DP e Tfe ReARsS) TtH’éa'ff eature of

this e t t d he
fol | ow g rreans %%érl%%%{l?’f% 10%&£not es alrgggv‘\grlq% ply voI t age
det ect i rtgltrp&artsed kfatomieﬂm:tps/l:a qeower T tuppl 01 \mlttl'age aarpctealﬁtmmmrtdrré 10

det Sgt edsa\ﬁ)plfea T %raNdlgelagglrlk\)/gcli ater.:rhe 9‘ e %389 c\{lé/ftagf%lgnal

fromthe averaging means 102 is represented by Vave hereinafter.

Numeral 103 denotes an error voltage calculating means that
compares the output signal Vave from the averaging means 102
with externally set reference data Vref, calculates the

30 difference between them and outputs the resultant as error data
Verr. Numeral 104 denotes a frequency settingmeans for setting
a frequency of a driving pulse of the piezoelectric transformer

1. This frequency setting means 104 adds or subtracts the
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detecting neans is configured as shown in Fig. 23, for exanple. In Fig. 23,
nunmeral s 106a and 106b denote resistors that divides the power supply

vol tage and converts the divided power supply voltage into a voltage that
adapts t-0o an i nput dynam c range 15 of a second A/ D converter 106c. The
second A/ D converter 106c converts the inputted voltage into a digital

val ue. TPf-e %%/ c%ip%’@é NM@JH# @ﬂggér%Pp&é’té{‘R}éﬂg%& ﬁ‘i: ]Eb{ﬂgtﬁ'?ans 106

is represen uner a not es puI se W cul ati ng neans
that 20 paéeiduas e‘sesmmy satuengneahmmrerv rahéraurputts Hsb¥dudataof the

driving e fr yenc ata_Fpext obtained.at the frequency
setting ﬁ% R an t %3 %gﬁBSI 5?9383c¥n?th§f?%nr%5%? %t ai ned at
t he povvetrh§U@@W:l\eobtfagﬁed@fﬁﬁim@g)dms BRechased 1ugontaer ehatkomshi p
between a pre et erm ned 25 power supply voltage and duty val ue of the

dri vitng PifseN PREHRS APR T FC (I PIArsy A diALlRBarR" 0 Dii 8Lokhe H'- | evel
peri od_ang; virs | evele Rerd ad cyBies dNEMeEQi' QszdéNﬁt@ylé%aﬂ@f&{@fresponds

to pul se mndth i'nformation. For exanple, ows one exanpl e
rel at i on&df gese rbstingen Ctomrpdme,tmsugm%aeoataigeraddteheldadypenaicnré of the

d h f. th | dt h
e P e B PR R LB TR Bl S
cal cul atsmm; heshnsTH® avar Tals 6dntreal pukabmﬁs ne¢hogels dhe gkl od or

exanﬁ ROM et hod, in which the relationship between the power supply
vol £dge Z\/ﬁ\kr BRABUFAS HUESISEl UeiMRfuthei B Y ore @i Ahaddaheeny Pl 8oV

(read-ory %u?@@fﬁ’é $&n rl‘i%tshé’g:écﬁod:@gfigh%d daf GHthe §F aﬂpﬂ_phéé? 24 by

using 5 a linear a pro mati o Numer 108 enot es a adj usti ng
nmeans f arutgdjtusid rﬁ;qnhe:l‘mjlcsmnmmﬂtltema]%d up.iomeiraé dIO%ydeabuesVduty

f h I dt h I 25 sh
eanpl o 1S 00 H VL B TG | OIF o 0 TG N 43 S W ERCL i ng mans

108. | n dHivg.dizhy ragrer @hcﬁoﬁ@a‘daﬂﬁt eveaapel sEemdhbySdnﬁpicmfgn@mld decode
means t hat converts the inputted distrjbution pulse Eéﬁl s into a pulse

otk hddr BEnENE X HE R EP b £6 VHUINE LSRR OTRS BREFC(l tR VAP | s A bi t
digital datacydata abidonhi ghioedes e DicRididotisl aniatb ity the pul se

wi dt h shapi ng nmeans 8a and a signal of a pulse wdth equal to the val ue
of (A- 1)133|ptrqoblcwtmtténe fmmca/ ofi vtilgd nigi gtea@rsdé.rOS( A- Thebiycfieom

Ot h-bi t to(A—l) th-Dbit .of. the haV| S\Nldth f A-bit is
20 represéT}ﬂréIEW @?i%tdﬂlxlfgﬁu °a£‘[§y’%¥ SR agfléuﬁﬁ Fioam®pit is
r epr esemuec ray ygﬂtdé[r@teézagauﬁﬁ: phowe darpetd oiipukanavefiot mufpute pul se
wi dt h shapi ng neans 108a. shown in Fig t he pul se width of the

out plt t EIPPLFS €l hesree‘c{@eﬁtetrorﬁﬁéryﬁﬂlfé’ 8f %/HBF%FAQ‘{L]- VaRGwh GUF i g.

26( Q). Nymeral,1088,d889h8St & Dot ¥Renk! 1dd] QPlc(l'i'l@lre%' Bﬁfﬂr?é JdighBhied to as
DFF) that | atches and out puts an output signal fromthe pul se wi dt’h shapi ng

means 10842 ahpél@dtfpmm shgrtleirn k mprasetithedl Lbguad ¢nystal dp?l}IVslélgpzpl sa.
Nurrer al O8c F 1 ch t| at the
e Vd“&e t he $ % [E'):as @ﬂ%)okagh 8n£981 lc{_yal L‘.ﬁgé Sh R4l Q&e%a

trailin ock nd Uts' 1 resu IS output signal is
represerattedhbycanﬁub$eepzp12Bb mersioﬁdldenbs&se'arsm gatzec “Hie out put
S| ggf? | flre?rrglt ?Dee r?gdg%.tse n|o§c rs %rr%se?rntt% nb¥h%n d?étt?:q %g: 1%% cycle.
Numeral 123 denotes an output enabling means that switches over
the enabling and disabling of the output of the driving pulse
obtained at the frequency dividing means 105. It is configured
to be disabled to stop the driving when the value of the burst
30 pulse is “L” level. The sampling number at the averaging means
102 is set to be equal to the sampling number during the period
of the distribution cycle.

The corresponding relationship between Fig. 1 and Fig.
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pul se pzpl sc. These DFF 108c and OR gate 108d constitute a pulse width
extendi ng neans 108g. Specifically, the pulse width is extended by carrying
out the logical sumafter delaying. Nuneral 108e denotes a sel ector that
out puts the extended pul se 5 pzplsc when the Vduty[OQ is 1 while outputs
the initial pulse pzplsa when the Vduty[O] is 0. The output fromthe

sel ect o 2108a Pe6aNBRSA dPhy/ I PY! SRARME FEOE Lid 11t {818 HeFpoe NITET 3
108f denotes an inverter for inverting a clock. Attention has be paid on
a point amaﬂlfh@rcﬂQﬁlthua§ pwzert@rdplmfbgs tthiesdF hveng gruliEBpuspdtthdn

cxpl 2 nelLPR TRe ORErar airiot a0 E Whel crll et POE poRaTEaRE" ¥

havi ng t be ab@vplmélweﬂlcotnfa@slf@m@ﬁ Bhowhel Bukirgdt ddtaedoz255, The
operation will be 15 exg _?I ned centering on the feature of this enbodi nent .
n

The feat GFELHFYERE PFaR I RO e T diniCRBE LRGN GobhRI AGtEhe

resol uti gani,ertbe @@éﬁecaw@éﬁténftﬁéwc&wewwlwﬁ% RAEFLNRY tHe! Bg1hhe
trailing edge of the clock. A normal digital LSI i's generally configured by
a 20 syncAtbpdastebecti inta dhvthad PerbeessTHe Grietesdigrd meamps oMg to
manuf act b tiher , C 1.t does
ot use SEFPE TELEREE e S R 108 2 R A B RBEE T B kb g
Hovvever 104} $aistwuﬂj"ilrmdma pfm@ssmcng cdani dielgahesabyl BB siduy stkeppl sged

iately bef pre 25 ancl%%t gl n_of th LSI, so thi t he processing

hESHe R F T TRreS dat BECeRBERTEFIAD LAY MERTS 268 SPOPhotRERoult.

SpeC| fi C@lhéYdrimd@l&dht\i%lll%rvql@'foh%tt he ids HMadbRgh REOr AREEGRL QUt put ted
fromthe pulse width cal culating means 107 is di'vided into high-order bits

and | ow Bréerdipi ting TN High-GUarasiucesof diévdogypvabaethatt §sare used
at a firs ‘15 QgﬁlESdpEOOQH% f‘e?géf&fz@f“}f’{;}r{%aﬂ el eirﬂoagsreed%%kﬂo%eﬂﬁ‘%dth Ln

t he normal "synctnronous pro ssSIn oW or he duty
val ue Vdetyredte msrﬂﬂ:rmtzanrsemondestage dwthmetam mheuﬁﬁutteasﬁtmi on by a

proc the trailin dge. of the clock. After the praqocess of_the

sec&%d s@é é‘gttarFeoré‘ﬁfE:tPﬁro%ﬁ?qlﬁ Bgﬁfﬁtﬁ’gm LYot DR F e J‘Iﬁi@fgise‘ﬁ shows
""aVefor@né%eOE@@HQlaﬂgepd%@@ ‘Mcﬂﬁ:ﬁérbﬁytc\!@n@r&ac%%sluﬁhﬁouyarﬁé\ln@hom a
clock, (B) the distribution pulse pzpls fromthe frequency dividing neans

105, (C)of h*'ehetimylc\i/a%@mttyuqu data Vduty[ A-1:1] show ng hi gh-order

(A-1)-bit of t ( t Y, ng the
| east signifi %ﬁ?%"? \@;ﬁ ne&%gs Itﬁ’} ca %ee%re dc#e déut(;'s/(pfc\évI 10, i.e.,
(1010) 2 catleodi nare mummqndefrmceeﬁaﬁulre thehéidatd &/dpsy@A-d_tsﬁgalas%ovm ng

th gh- or der whi | d t Vdut 0
e BB S HE PR R i bpgrhent tohed (ML dirat iAo, FagaEAge e cnye.

where t%ﬁ@g it 80 hd Redndepi WOL) 12 (e hessbédary notati on. 15 the data
Vduty [A-1: A] show n gh-order (A-1 ) -bit is 100 %hz that is 4,

whil e the dat &hgid: sgq fgﬁéwrﬁgofh@¢ évarsetse§1tgﬁmo@ament§| fsjghgt)thehat is
1. In F' 1_21701( cl%q%pmg a3l 1%?888%5" §'§m%g % < Pbt 5 nag. by
e fro t sha

| at chi n he pul out'putt m W dt I'ng neans 108a at
t he | eacﬂmﬁdgg@tﬂfset Hehel dmktrmbuteo(lca)ycslm)wsfdmdrpulmg pzpimdstdtat i s

obt gined by Jatehing the utial. pulss PRR' 52-81 Sheclralding gdgs of the
such that its “H” level period is not shorter than the
distribution cycle. The second feature is that the sampling
number N of the averaging means 102 is set to be equal to the
sampling number during the period of the distribution cycle.
30 What is meant by these two features will be explained with

reference to Fig. 3.

Fig. 3 is a timing chart for explaining an operational

concept of the embodiment 1. Fig. 3(A) shows the control cycle s
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Firstly, the first-stage pul se width producing process is perforned at the
pul se wi dt h shapi ng neans 108a. The pulse 25 wdth at this tine is the
Vduty [A-1: A] obtained by dividing the Vduty by 2 and discarding the

deci mal s. For exanple, the Vduty[A-1:A] is 5 when the Vduty is 10, while
the Vduty[A-1: Al is 4 when the Vduty is 9. The pul se w dth extendi ng nmeans

108g conghi bt &G Pyt t88 Blobrthnd Q& @nsh 1de 107 ,0at¢ . 1886 )pehbeisMena process

for extending the pulse width of the initial pulse fzplsa by 0.5 cycles of
the cl ocRrivigy A gHsshatant helbyishmiedipdlise p1p) sowsuditredifspmt hi s
process. e .1 he c 1 0 t e pul se
pzpl sc tﬁgg fgégﬁgggyb§&g¥gl%€c?§§h§h%ﬁgthgﬁgél§iegf§Q%8§yF§% ?g?%F i.e.,
t he di scputied Vlay uehish theOortuaitnt Her deardminiee sekéatjoth&é08entubputs th

initial pulse pzplsa w 5 the value of \Vduty[O] is O, i.e.,.there is no
i 5o el oL LOTRENE e s S ATAAT PELaF S dn e Mbbe dZamELbbt A ned
driving pubseHAY YhBasr iy inyg gal%démts;af@t%diif@@mt@né Recyrltuengbl YAyt y, such
as a width of 5 cycles, a width of 4.5 cycles, and a width of 5 cycles as

shown i nugRys 123, Fyg. Ipekishowsl the tubenserrens SARHing §hrougthehpul se

width is h j f \Y/ N (SE, h is 9, the
pul se mﬁ%?%éigg%ﬁég?hg?%%sgh %ggf gr§¥h%$§%§rgﬁgﬁf¥%gﬁkécﬁ%éggé%%gs i's not
per f or mesli gminkeraebhputheedlrom whet hecoi fethd ymeans espdids BoGa baddsof the

vd to_t hereb h t | ution. 15 This dri vi | drv i
out pc t P RGIATA £3HE St REohr S8t 1 H1E Rt Pl R LecPr ot piBRBaEhl n ©
t her eby #i9é aRieiragiing Be 8K hlo2N HAGN lesSiigni b dhprolvi hek dadiagvhat LSI. As

descri bed above, the present enbodi nent can provide a pul se width

resol ut i BFCRLNE avebasled MeadisiLos - byFesithe aake af senvegieage okha cl ock
wi t hout I atd 0, egi gng | e (W eby a
dri vi ng ‘g% Lgégtdr?;\gi %é %\@&& ?Mn%lgﬁ?isgfngﬁ' cthne[zeegg%t g?{rl]]éﬁvﬁ)% |ﬁ&a w de
range ofpat powes wstippihe sehtage menfraqacdcyilt &br dvievegg Sysqeemcihi s

| eads to,reduce a_power ugption due to an.inprovenent in 25 efficiency
and 1o, o e I51 B4R AR ST SR o Pde PUELF EEPTSREPEFAEY bocause
of a surgge upsit 51 Vi d s ezaedwetin orid ansfor mer, thereby bringing a
great effect. Although the above-nentioned enbodi ment utilizes a trailing
edge of a cl odie £RRIAUBAD hishitdigh ol h&tetto M@ LREEe Fig. 28

o laed T R A R R At et Ro el e e £BG Saneor T Cl ock.
71 | n hilpe Mcynleer allse 108gie anthd @8g¢2 cddratte idet agnefemmratsl is
20 drivenwith the driving pulse obtained at the frequency dividing
means 105. Hence, in case where the current flowing through
the cold cathode tube 4 is detected, the detection has to be
made per this distribution cycle unit.
On the other hand, control is performed to make the
25 current during ON-period constant upon the burst driving. When
the control is executed per one distribution cycle unit, the
burst pulse width (ON-period) becomes shorter than the
distribution cycle, so that the current during the ON-period
cannot be controlled to be constant. Therefore, as shown in
30 Fig. 3(A), driving is performed plural times (plural
distribution cycles) at the same average frequency and the burst

pulse width (ON-period) is set so as not to be shorter than one

distribution cycle, to thereby assure a period for detecting -

46



The del ay amount of the delay elenents is set to a fourth of one cycle of a
clock. Nuneral 108dl to 108d3 denote OR gates, and 108el to 198e3

sel ectors. The other configurations are the 5 sanme as those of the pul se

wi dt h adjusting neans shown in Fig. 25. In Fig. 25, the duty value Vduty is
A-bit, Vduty[A-1:1] is inputted to the pulse wi dth shaping neans 108a and a
fine adj usbprege @frtdrer malraelg\Abﬂéms%ﬂqu@irm@yweQSIagnéegﬁéhkw? edge of
a clock at Vduty[0O]. On the other hand, in Fllg. 28, 10 the duty value Vduty
is (A + ip-Bhe CWAARY Aetpctign. §hpj ghsbemal (the prpsepit ingehhpanted to
the pul s L ; I quﬁq dya_fj j LS N {0 d at
Vduty[l:gc]jé\%ﬁ{ac'{.t ?llsg%%g\%g%%gérﬁ% It nng‘ ?hei%igtg%/ arlullsfga %\]t ?%r@.%ds) \E/)\AQFI be
expl ai nethgebons i phl sefkilenddd e yEtgn 29 st8oskowiingthendogumanef 8y m charts

of each neans..ln Fig, 29, (F).sho ul se pzpl sa latched at _a_| eading
edge%of %ugl %%Y’(e%’fstﬁléepﬁﬁlgféee}\fd?ﬂy\ghgﬁghﬁg neignsi‘iﬁ% %%ﬁje?%t?ﬁgtéedri Vi ng
pul se hayhpgt appuUsseaw Wéhl det edit neg bie t heryal des of i Mabi h Acgtiand then
outputted therefrom_ This pulse is 20 approximtely the same as the one

expl ai ne@eF #0¢ het kérifodiste fy CA ewp £ hE ¢ 1&F et i imrg cyggd esthprs paP¥e pzpl sa
is del ayed by ;/gl(@%pl es of a clock by the delay el enent 108gl, to thereby
obtain a waveform shown in Fig. 29 (G . Fig. 29 (H shows a pul se pzplsb
obt ai ned by | dflehi feptieepudSetipy Poesant enbeadinent edge 2xwiained ock.

Thi ul se pzplsh Ls,.the sane he o expl ai,ned i n, Fi 25. . Furt her,
t hi z“’gm eo‘g%‘gl 2\51 ?gtﬂgﬁailoébt%@Stfﬁigwd%fg?eeggﬂgrﬁa%,thﬁec?reb‘{/l%gsi gnal
shown i ndév fce 2%owh delrEyy.ng WAyl 1154 el Bneaf balehaskusihl $eSPEEicto the

pul se pzplsb is obtained. These signals respectively pass through the OR
gat es 30MUBBEHCAb A¥BYBLeS 0 thereby obtain three extended pul ses pzpl scl,

pzpl sc2 and pzpl zagtfdert he Bﬁhi‘ifi‘ﬁ‘nghé %?Qﬁé@%&?ﬁ' 5\%? %?E&g%/c giggual Iy

wider in this or I'n steps o reso fon O 147 ¢ es with
respect a¢ywycldels et dlo pullSe=piplaad ddheskhomird2 cycheFigshA 2Gd3 td (L).

The . sel ectpors.,108gl1 .ta,108e3 perf.orm a change-oyver_between the_pul se pzpl sa
and'pul ses p}ﬁ\esc lsttorlﬁjz"&lso& qyr?l&xog‘dﬁﬂﬁggw %etﬂ%s?/gﬁhjeo%fo@d Y[ 1: 0]
and out B doerdresid tanget acd BeLEETasd. thdhen e t Mt yutrdatOrd1ws 0, the
pul se 5 pzpl sa having the narrowest pulse width is selected. Wen the
Vdut y[ 1:97 69 APt HeCPRCENE NG e R the Heddad AaFr sRUGESe wi dth
s sel eciggh e the MM dy Ood S BecthB1P¥laecpapl 862202y Aget he third

narrowest pulse wdth is selected. Wien the Vduty[1:0] is 3, the pul se
pzpl sc3 datpuiahd namdéde AdDpedmee kel H0ls s8bweved, Engea2® Wgrshows a

dri yi,ng Jul.se pzdr.\v, out putt to the FET 3. ecific ex | es ar.e

B R RS R L £ o sk ot et S A SR - 5 and
Vdut y[ 1:8}cte (A malD. f rEte iyl ift d.hesgecyifigapulysel1padov (S 62525 cycl es
at 15 this tine, that is just equal to the value ohtained by dividing 21 by
4 . FurtaTeimerPedudybi 2@ s=ap 10160y DearfIuby (1 Jower iy 2 = 5
and Vdutjy] 10l deQ:QQ])athhgtertIBﬁ R¥ShS) o stSo Prdyi g il S RAGM 13 S

cycles at this tine, is | ust equal to the val ue obtained by “dividing

20 by 4 apruracherefesfencev/dlate Yref .= (n108$¢ yYhgre2ohwdavgkAge] - (100)Z =

¢ 208 VAl oy (4175 T el et il se aigg o 7

cyc equal to the e obt al yncﬁviding
19 by 4plAlddhougle fakgskany datthBnékguse;pwhesd ity thel & requEiho) Z,

Vdutyl A:sze]tt_in(glr(t)lg?a%s:l& ?gdl(\)/f%}/[ ]anLhis(dlao aZ, ?:h%'h£r<?}9-8¥<§é§ 3~bit
represents the integer means and low-order 2-bit represents the
decimal fraction means. Since the distribution cycle N is set

30 to 4, the decimal fraction means is 2-bit. By this, the driving
pulse shown in Fig. 4(C) is outputted from the frequency
dividing means 105. 1In Fig. 4(C), driving pulses of four cycles

are illustrated in one distribution cycle, that is the
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25 of the driving pulse pzdrv is 4.5 cycles at this time, that is just
equal to the value obtained by dividing 18 by 4. The configuration shown in
Fig. 28 provides, in addition to the enhancenent in the resolution of pulse
width by-using a trailing edge of a clock, the resolution double the forner
30 resolution by using the delay el enents 108gl1 and 108g2 that delay a

pul se by gl/s4 rapelesnotyalel wck AT ROt e rbhi Se CONM | QW8 HdtHbLLF R OVi de a
resol ution haV|n% a fourfold precision, thereby enabling a control of pulse

wi dt h wi OB SkitdRELing the feeayesry dhel drheatasi mp Lhmigettapnel 2mett needs

the fol | guiRg attentions. The delay cycle generally varies depending upon a
tenperature or power supply voltage. Therefore, uniform5 resol uti on cannot
be obt ai ned whéEnga 4 Eipehatwe €her t posverurel yavelfbagewiven itdse bharstexanpl e,

t he | a cle may vary like "0.1", ., "0.5", "0.6", "1.0", ... that nust
origﬁﬁalﬁyi§8 &3r9§8 Fﬁﬁe "%?Z%h?wmo%%"glgo.%gE{'"Eb%"?u?F?QtTﬁ%fﬂ%lay
anount obetbredel aya Bhe MY rdsporrtid td dheyet&gudiec Pfo @ teleoalk kA nhi s

t echni que. _However, when the clock frequency changes, the delay anbunt does

not chan§B1PR-syhthr ohl Plat $fi i 2 QERY e HergRE o /e covied Wy, 2t heh¢ ol | owi ng
pr Ocesse§eéE§f§/§Hg'rﬁ@éjnéuicuft.tcﬁaﬁhe% fg%ﬁ%@zf@k@aﬁnéfﬁér used iénh; %gte' xed
y e p ed an

cl ock frequency, oOr a plurality o ay elenents are provi 15

swi t chedtobercberererby Hdmm degerditngetponhotrhg. clIock Hirseguampy e, Athkough

t herge, ar he .above- nent.ioned r.estr.icti.ons.in the. nmethod using, the del ay

el orht | AP SuRiPE S R hEREE S i ol iskag PR, CHRif cro PR fdthod | &

ef fecti vesfor the”case wheresasrofhiici BNg. affegct casnate ey ioly akrad by
using the 20 trailing edge of the clock. The nmethod using the trailing edge
of a cl 0tR2carerecs dd e datiar ofntpeshl tet ohl SiekPu i mdialors 4areSchanged,

since the gel ay /armum5ﬂp%&%e%hgugggegdﬁ%{g%Lg%pcgamgéfagh%p%aa95? or

power supply voltage 1n this netho ows an exanpl e
obt ai nedThg eondr Vet ageraxclessl dhyiray meainls A 3edgapafrea theckverabea del ay

el ement, _a,configur.ati usi on a_delay.element, not using_.a_trailing
cdgd i ELFBck THit SheuanhizBr LurSel f St TR oty (ThE B e | ng
edge of anglwdn bagpuke saoed gnetion Bsthhe eldie 30 rekeanat. aFagh el enent
such as the averagi ng neans 102a, error voltage cal cul ati ng neans 103,

frequencyuBeeERat heardt |0E fHeanaaRy setFidongennans 0405t NpupsEPWhdt h
;2L?2L28a gagpﬁg§A&gpgxg€qg¥ﬁ?ﬁgfgugﬁgggbgtE?gngag?ggcﬂggggi%ngggyngfion
with a haddedrto ablde spfewares fEadoehoentet)ing value (= 6.5) for
20 outputting the next frequency setting data 8.5. This control
is then repeated until the tube current becomes equal to the
externally applied reference data Vref, whereby the average
current can be held constant during ON-period.
Here, the average current upon ON-period changes depending
25 strictly upon the burst pulse width, that will be explained with
reference to Fig. 5. Fig. 5(A) shows a distribution example
of the frequency dividing ratio. The current according to the
frequency dividing ratio flows through the cold cathode tube
4. The current detection period in this example is only the
30 first distribution cycle as shown in Fig. 5, and the average
frequency dividing ratio during this cycle is 4.5.
In case where the burst pulse has a pulse width shown in

Fig. 5(B), the average frequency dividing ratio during this
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5 Subsequently explained is a cold cathode tube driving device according to
an enbodi nent 5 of the invention. The enbodi nents shown in Figs. 25 and 28
are effective to produce a pul se wi dth having high resol ution. However,
they cannot be utilized as they are in case where the dividing ratio
utilizes 10 a trailing edge of a clock to enhance the resolution of the
drivi ng dy€cieonass di.sid qsecxli/n)Japaﬂesee Unexand hechdal ENde Rdditigat i on
No. 2000- I39081 .Docunent . Accordingly, the present enbodi nent provides
a techni rbéB Bi% ofCbf f%?WW%I‘?H&HE?H&Yt%VJI’% Getén ReFAmPul se

wi dth ofg & qLi ¥ pg) P%%‘?m@ﬁé’f?é‘ c'a@ecé@ech‘@gﬁgséh&&'ﬂﬁ“s@lx'o% fatpoyutilizes

a trailing edge of a clock. Fig. 30is a di agram show ng a
confi gurfa(tD)onlb$ s gnagset ne gednadjddstiidig gnmestniso bfecamesl 4. 4céFh’b’tVe5 X ube

ot het LAt PR < e AT RERBF Dbl s bAR e T b e SR o

Fig. 21.vailrueF|ag:e Cﬂttuuumr adlﬂﬂb&bshuienmheSnarDEEetrhahel ahcbeSpamslenl tial
pul se pzp sa utputted froma DFF 108b at a | eadi ng edge of a clock and
t hen out agfe, thimgraadetodde sid IFrsisDeGEeER gat es, nuner al

108e4 denOtesH%w%%%%CtQﬂmiQﬁﬁg%%%%%%sl%ngQ%%Eﬁ§ %h&ﬂ%%n%%dt% Q@Egate 108d4
when Vduty[O0] is 1, while outputs the initial pulse pzplsa en it is O,

nuner al diogdsgdenecésianséletothe rlmrsa'upphse wird ut pdn emgreadanmlet he OR
gat e,108d5 .when_ Vdut is 1. whi an ex end ul se | sb 30

Shetoi D30 gl ha Mt oY s Brce oo E o8 hRE bR £ BR R R T CalB R A ot put
Si gnal efurtste p‘@elsectvardtlﬂ&e‘é \Me%rpe@tilv@fl@d 1(/h@rei wafrser, neflerer e&thd 0 as

bunadd that will be explained in detail |ater) sent fromthe frequency
di vi di nd“r?éé%‘?@cfoguiest? the erxgy ky Gth‘tepG%rﬁﬂtoﬁ?b%?téP@n’ﬁ ot 3 He

sel ect oy LA8e4 swhen1i kel §10¢nEPERsEXPE LB NG (6 PRAAILR Y 1{H)S

enbodi ment, 'a net hod for “enhancing the resolution by a process |n ‘whi ch the
5 frequ@rm@i/OdilVl déng ratid meli |7é52é5 tllﬂathEngaeeg@f ofDla- clFogiehsid,l briefly

be FXP! 3kedy SLORS 44 Bl IPALLAN LG, 501 Shae 3cRati oAt on, of a

1&g ncy resol fon i'ving pul'se by using a

traili n@.edgﬁ oisa \@H)@pg dignlsesed 100t KRz Dos ywesduded Japdnes e lldukxanm ned
10 Patent Publication No. 2000-139081 Nuner al 105a denotes a distributing
means t R4t 10nPHEs E6F- 8¥ABPLRE bi tCHAFSR BHORAYIHES ey len &y Vdates! MYext

out put t g@ g from%lﬁelgrg?&%é@ye@h ) ‘#1’19 MPans 1105 1pd d‘%‘itvﬁ'rﬁbs philsfee tines

applied at Fnex uring cycle of nth root of of a“driving pulse.
The timemg 1i3luisatratiee dinsgriebteirngetraads ﬂ@SdeQmeputth fxedeeeeyi ned by a

et gt Bshabtiehed St st AN e, (B lsclobuserel Y
Therefore, the error by the detection becomes a level that can
nearly be ignored.

As described above, in the present embodiment, the
control cycle is A times (A: natural integer) N cycle of the

25 driving pulse (distribution cycle)} for driving A times at the

same average frequency, and the sampling number N at the
averaging means 102 becomes equal to the sampling number during
the distribution cycle. Therefore, the burst dimming can be
realized in the digital driving system using the frequency

30 distribution of the driving pulse. Consequently, the present

invention can provide a cold cathode tube driving device using
a digital system that is advantageous in reducing cost and

saving space because of one-chip formation with the other LSIs,
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i nvention. Numeral 105b denotes an adder that adds Fnext [M1:N to 20 the
out put signal fromthe distributing neans 105d and out puts the resultant.
Since the output fromthe distributing neans 105d is either 1 or 0, all
out puts fromthe adder 105b are only Fnext[M- 1:N or Fnext[M- 1:N + 1.
Nuneral 105c denotes a frequency dividing neans that divides a clock only

by a val gg @ﬁe%@%r%,@yn@h& %fééé)@teisﬂ&@tof %O'E‘h%ﬁe%dﬁl%iégﬁi’ zdRE3R

i
conponent s 104a, b and 105c constitute the frequency dividing nmeans 105.

Nuneral @68a Pwailhespeakdeimpdingadpuspinagtreans (pul se wi dth decodi ng neans

) explained in gﬁ | o) | 0 F ; 2 d . hqough t he
pul se width ad?%gﬁ?ﬁ Orr%laér:gmfgggleias&énc lu(S egefcﬁ%t%h%aéfsggqﬁéﬁtpce?kgF\%:ﬂdi ng
means 108tstnibheibocoyebé #n tilis srdepdmered fhemctubheehredqaeacyidhvi di ng
nmeans for the sake the canvenience. Nuner 108h denot es reverse- edge

f .
e bt e ot LS S S S oy e pulhiF oha o Siiaa KB enaPLs v di
shapi ng #BEASdd A8l dds hibdi & 10y £dge ref 1 1 et th@Gkurd ;¢ eIRUE S tERe

resul tant. Al though the Docunent 4 refers the trailing edge of a clock as a
reverse edgevoihegaeihni ApRloedt hearstar e SARciHmal Ithe sycidglay

confi guratj f = SSi S ' ‘ t hat
of the CRE-1ha T B BB SRS R T R S AR O R N SR ot o
an out putukse gnatrdntomtiahe sr vef bew edeprosksst ngime arft ek08hewbknft he val ue

of the dipstri Ln ans,_105d is.|, il e tputs 10 a utput signal from
Che 161 sE20h G LRIV RS FodtR LroBiowfibi+ FEeBEESrE off 50E SHERANEr rom ¢ he
sel ect orqdO8eri becoarsod &1 yepotpUtBe PZESY.dls st LoONfé@eration, the
out put signal fromthe distributing neans 105d is the distribution signal

bunadd | ACEWER BRHRYEHREE SHBWANT nCFIREL 38 deteried sItRE®WS a tini ng
; _ o 3 de How 9
vavel or m Ehatit b1 1LY, Shaw na s oRBLALl Nl AL enhanchags Lhe,rasel ut | on

in the ng rati ock reverse-e process t he
Docunentbd.shEifgedbilishows ehaigieg wher det det éd equnicyodat dekFdaxt théd - 1: N|

(shawn 18£8 i nUEREE 894" 0N E0E LEBTHENT S21Y50G (B2 1Ohting
as shown in Fig. 6(F).

Further, this current detection period is not necessarily
set to one distribution cycle. The current detection period
may be varied to have a width of the double of the distribution

20 cycle or a width of the triple of the distribution cycle or the
like in accordance with the burst pulse width as shown in Fig.
7. A block diagram of this case is shown in Fig. 8.

In Fig. 8, numeral 124 denotes a detection width adjusting

means that calculates a detection range from the burst pulse

25 fromthe burst pulse generating means 122 and the control timing
pulse from the controller 121 for adjusting the detection range
in accordance with the burst pulse width. In this case, the
greater the dimming level becomes, the more the current
detection accuracy enhances.

30 Although the present embodiment utilizes the averaging
means to detect the average current flowing through the cold
cathode tube 4 during one distribution cycle, a normal filter

can be replaced with the averaging means in case where a strict A
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20 is added to the output value (shown in (C) ) fromthe distributing nmeans
105d in which the added val ue becones the frequency dividing ratio (shown
in (D), and a pulse is outputted fromthe frequency dividing neans 105c
(shown in (D)). The frequency of the driving pul se adjusted to have a 25
suitable pul se width by the pul se wi dth shapi ng neans 108a has a resol ution

every ongrgyekaegh greheskoﬁuﬁnﬂﬁlr@qw%ﬁs Bile Y y&}, i Ly 11

cycles, ... shown in (F) . The driving pulse is dela by 0.5 cycles by
t he reveﬁgéiéagéleﬁﬂéc@@@u g9 lhegnd vedghbangethared sot 66 $080ThANI30 the

time whep, b%%s@'n’%éé:ﬁ%“t 'T%S%Q%ggh eé@gfpe%g %s}ngotcﬂgn g:slpc%eés,f%@ah

dlstrlbu i ng neans ere thrs rvin 1S convertfed into
a drivi ngnpulsémsavifngha desehttioan of every 0. 5 cycles shown in (H) . The

poi nt_of this techpique is,77 t hat ing the driving pul se by
0.5 cYycles in g EHanlfﬁFPoﬁlﬁFFH tHBHEFgFP¥bHE|ﬁé naﬁﬁngGSd when the
out put fb@ﬁtkb@ldrsnoobsﬁctm&smtaqréSa&@énggLneéﬂ% sLoY, | k@ Pybieagan be
converted into a driving pul se aV|ngla resol ution of 5 0.5- cycl e st eps.

Subsequefigl guéREBIRRRNS 18 Sneepobr ¢ bk et didi-nf AgauARSY tsitiriingumeansh t he

nmet hod f e t e of a
cl ock shg\% :'Hr}ﬁﬁ?e %%\e:g%egnf&o%ﬂe%%gnhgéqy F?Qggéwg Cglr‘{al ar{d ngf—ﬁg gare, as
shown |n1959 oBfiput @uébblmghmwwnsrﬂZKDadﬁ h&menglanpuhﬁehwadghsﬁbhgined by
ext es of a clock,the pul se width of th dr'v'n pul se

oavinE oedlad a8 ne B ant str s e AP reroy BREbapar< Py B OYBRLERd from
t he pulsgtmudthréh@ﬁlagmaﬁaaa1598a1andasngﬁawaﬂeFaﬁd §éf5wéreand 15 pul ses
obt ai ned by del ay |ng t hese two pul ses respectlvely by 0.5 cycles (shown in

(D) and (E)). HBEeWHURY (0] shown in Fig. 30 is 1, the pul se having the

pul oe wicth, extandedd b By e EERgdS: 25 ched cAmghocter gyl pulse
in (B) ode{Dpeisscxomiivay toytlectrbdeimedti2sof ayiecingemntsi et at €th ondéhe

enb ment shown .i.n Fi VWhen the distribution sij nal add
ChOdR MoTL ISR en) G Secf Bhe mrashcuissnt Homha L RS o R Sp 8 el yed

25 by 0. saeN6lESthSeSE| echeddet BcOl BET riRGESEot Ne RUh SRuRhOMon® (D) or (E)
is selected. When the bunadd signal is 0, the pulse shown in (B) or (C is

contrari dySEéxl@@té@n chied eabe e gt bnedn| T empgdameaiged the Persbus. (1)
means 100415 AR PEG daT Pert 7 B B LEDTRASE s PG St P2 "0 g
bunadd :cicleh&n@utmﬂrefisnathespniselmmdI@rshm@|h@wmeahsn168@f|sheutputted
by %%l ay nﬁmbx%/g leve7 The embodiment 2 solves this subject.
Fig. 9 is a block diagram showing a configuration of a
cold cathode tube driving device according to the embodiment
2. Numeral 104a denotes a frequency setting means for setting
a frequency of a driving pulse of the piezoelectric transformer
25 1. This frequency setting means 104a adds or subtracts the
frequency corresponding to the error data Verr to or from the
previous frequency setting value Fprev, and outputs M-bit data
Fnext. The different point from the frequency setting means
104 explained in the embodiment 1 shown in Fig. 2 is that, among
30 the M-bit data showing the frequency dividing ratio including
the decimal fraction, the effective bit number in the decimal
fraction means is variable in the embodiment 2 while it is fixed

in the embodiment 1. The method for varying the effective bit N
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cycles (see Fig. 31(D)). (3) Wien Vduty = 1 and bunadd = 0, the output from
the pul se wi dth shapi ng neans 108a is outputted by extending by 0. 5 cycles
(see Fig. 31(C). 5 (4) Wien Vduty = 1 and bunadd = 1, the output fromthe

pul se wi dt h shapi ng neans 108a is outputted by extending by 0. 5 cycles as

wel | as by delaying by 0. 5 cycles (see Fig. 31 (E) ) . The pulse width

adj ust i nguBanS rStIOMelcAmBilOf r a3k i n BEBAE GUNAdo@Mabili Sop L o: 19p8¢iI.fical ly,
the initjal pulse 10 pzplsa outputted fromthe DFF 108b corresponds to the

pul se shdWReFaLFiglasderales angcrkiehded ﬁ%rs@embﬁhn@u@pg@mgaolr om t he

OR gate 498d4y ers%sﬁgrwérteﬁeﬁggmﬁéle%lgombia@e'éi og’%hﬂeqfre%%gﬁc el ayed

pul se pzplsb outputted fromthe DF 8c corresponds to the pulse shown in
Fig . 31d§t®)Faedtt petpdetbgedfaon eike efideduancyusset pzplseansit pddaed from

h d | h i i 0. ., Th
gefegf%?gﬁﬁ%é%%g$%§€8§%%ﬂggé&?%%ﬁ%gg?gﬁﬁ?%ﬁﬁé% g%geiggé?g%gggoﬁgpgt on the

abovenentaonesl | Dyt ege By drtd sk donfd gunaki earyihe dni ¥eogroahse shemn in
Fig. 20 31 (F%pca be, obtai ned, to thereby be capabl e of achieving both an
enhanceneh? FhSBE B sEORi YRl e bsbh@t N ofY BYe (2 F | 154 i W indiPi ke edge of a

clock and an ephanesIrendsi ra&é&&&%%g&&%ﬁ&%&hq@ﬁé% Nhpyl se. As

expl ai ned above, even in case where the Trequency 25 ing ratio of the
drivi ng pusseibisisealthealyeqhandytdl e sathe puekitdiadntby aréngge he

erogd e et ry A AR OB 88 W R T R £ BeLerey

ef f ecti uedgomksd rchdNe/N rad |ding dedge Qfock .cl OREK At hong phndersnocide ef fect
of this 30 case, to, thereby obtaining an qg;inun1pulse wi dt h in accordance

with a pOVRFOSPINA ot iaRei oS Loht iRIAHIh Rankhy ifiEaenghl v

ef fici end i iy fdHIICCEHROEIFGRNISHIPHILARE. FEdH REL, ffr%ht%eh%wi que is not
deviated froma designing rule of a digital 79 LSI, so‘that "‘there is no
speci al Piroidiarn oeamsr LBgaom hie agbodendetilkehawynain IBlg. Thesefloate, t he

devige invent i . r OVl: . a cheap, digital LS]..(Enbodi ment
0y 8%a cait E A S Ot AR O Bl Ee B o IR S A Blrobar A o of 'the
i nventi autdide & expl aragdehel ol vildu sy erlzed.MreNtmpravi UBS dersytsdem
capabl e of further enhancing a resolution in pulse width control. The

adj ust méhtd3 5+ PR f FHHRIT SUUSA Y FARE ihafedet @AM N5 fEled with a
10 resolgitdan il 38 ntiRllr 88oR08S: Blifr s VRIS sBF §f 8E R Yo p & degifabl e

resolution is the one wth which the adjustnent can be perforned in a

m ni numtdfe Gurs\y eiEe ofereyedviarg sgslsy M3 taage theks caltpeddy tdwepl ai ned in

t he,subj ect.s .t aki.n i fi X I bt ai ni;ng.a.resol ut | i h _about

0. 120" B P BRI B B r i B h G et aol 38 A res a
resol ut iw@llohsSOutputhi s dladrgee-dfed l3d gohatly tbst hat frstpdbricy e twiarged by 20
to 30 0 in this range, has to be changed in Q.2-0 steps. If the

t he dut
sensi t i \EdPs ¢ YR eFPFEF@ﬁcylgos?F% Yui Ve ve  £9 S} S

negl ectad1a s@RL! vEegel YEi RN Sqded Hhbhdy AkRldhdd dHe vEN&Id eﬁswhyti on in
t he enbodi nent shown in Fig. 25 is in 0.5-0 steps of duty (resolution in
t he cas&)ofispradactépgstantise mp pyits&obghange dive dianprol Wirem ansy

irgs?%ugie%_ngfié E&%ec o QUL QN Wi RO 308 eﬁ"ﬁQEBf,héPoY‘“ inFig. 28
. ps. Theré nmay be a case that such resolution is
configurations are the same as those in the embodiment 1 shown
in Fig. 2, so that the explanation thereof is omitted here.
Subsequently, the features of the cold cathode tube
driving device having the above-mentioned configuration will
30 be explained below. The feature of the present embodiment is
that the distribution number N varies (i.e., the distribution
cycle varies) in accordance with the burst pulse width, and the

number of driving at the same average frequency is
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25 insufficient. The resol uti on enhances when the del ay anmount of the del ay
elenment is set not to 1/4 cycles but to less cycle in Fig. 28, but there is
alimt considering the non-uniformdelay anobunt due to a tenperature
characteristic or power supply voltage. 30 In view of this, the present
enbodi nent provides a nmethod that adopts a frequency distribution method

di scl osesjlmwllﬁatmec[mﬂmmﬂarﬂge(d]apﬁraesaolﬂnemaahaﬂde%mgr&orﬂuhbl capd D No.
2000- 133485 3; enhancjng a resol ution gy i ncreasi ng a dummy 80

resol uti On ofr PHRY P Cb\SFJQ?)ster‘f?fhtJi Fhe HistriRYte s Sffovth in Fig.

32. It ighdmyde. noted that, since the frequency dividing ratio of a driving
pul se is al ready dlstrlbuted inadigital system a uniformwaveform cannot
be obtai ned bylsistsitate dissshiowin ilvg Fide dlty Fhyi ol0 (A tHuvebhyt ot

QOLa5T e sHULERS G AL AL St EI0aRALGRBLCLILS ATROUREN I N2
even in case ere re uen y dividin I'ving pulse 1s al ready
di stri butweskage dirs'quebmyl accof a@y @l He:ym]di bfltﬂq@fdft&@rum‘gedwls@cormr at ed
therein. 10 The nethod, of the enbodi wil] be ex Lalned bel ow. Fig. 33
5 a bl SO HCAGFAnERBH A 8 PEHAGEIAE P BRGNS G0t ONEaTHbRe FARISIr T vi ng
devi ce aGeofulinty, .t orag. etded) e Stabtidree irpvenknel- al ikl 8y 3Hiduneral
109 denotes a pul se width 15 distributing/cal cul ati ng neans ?hat i nput s
Vduty[nls PGt nikakt 6 sico@SoE BepPhabnt ayfa (evea Sfl Ut 52 BAATPUL (3 Tt t he

pul | ti a a ext 0]t v or der

n- b§§ of tﬁg@@ t%bﬁggﬁg?e§§%&g§StEGl$?e d%%g¥1%% %%ﬁj 2§%ﬁé§¥£}'

out put s pbxtﬂmemtadresgappttlmels 2yt Vtiatryéme -avibr&]geaifrét]hehogtta)fadl‘ﬁereof a

drivin ul se. For exa in case n 4 and Vduty [, it
out putg eorﬂaﬁleoﬁ@@t(ﬁ?{];pﬁ@’% &rcl Gesg c?ﬂo\wnnd“pﬁll 1]0rFA8h| s case

there are 16 pesbiieps:d eoMreeh 1} 4sto8t F'BHet gdegch@ec%@ré’m@rfqdb iirgy
outputted at the first cycle to in case where 1 i$ outputted 25 at™ 16th

cycl e). thieugin ple sedict |C@r’¢h|0§€artu|b@pdr:t &he geitectdont kangeededt & nventi on,
|
SO % at nﬁ_tnl\MuH rr% é%ﬂ%@%dﬁ&?t leb% OWe%\-mgiﬁaéd%ee laﬂ.r{es gtéler t hat

di stribution nu of “a driving pul'se uner an a
adds t heheakmbodfimd88tViut VI Ahe tasa]obfFidie 18-(Bi)t, aunmlimmtduiﬁ/ 204 putted

f t he pyl dth calcul at i 107 to the out lue fromth
pul Se. it i SLe EIGRC ALEU S g AR 0o SR BuLbi SCEAE tdden val ue

to the @%'ri@lg%ﬂ%hdilglth@bbﬂﬁloﬂ'e Tgélép&.vhﬂ.‘@ DutPU Maldidh i ko the
adder 110 is pulse width data. e pulse width distributing/calculating

means 109&edPHeddder 180BdnstPn Uilee tH& U@ die @ustrenfuBicedrdsans 111.
The, @t hei, ‘fﬁ'& lgurat lt%gs d%@gf%%ft%hogﬁnge? E‘Fe8§%er éagﬁ;@ﬂaﬁokﬂé he 5

embodi ment SHOWA i N € no rsinplifying
t he explamrathanactheapyl s@ WidthladBistisngadtansatO&ni sigi.nplOYAGenfi gured

by th I dth sh 108a, so. that the att tt h
resol ut 1 on_ by {ASPRGTA FPAREFRESCHGE GITER GUETS IR TperCortddy &

Speci fi gah ngt hevdiDogWhiiit Balue1boomddier adderiddge a? @@eaaalml se width
as it is. In the present enbodi nent, the device is configured such that the

out put fr baT el S 51§ DRGNP FO2FsN2D5EET e bF ¢ ddpo g NGoP&edi$i@Png rati o
d 538! beb&nggrggaeé d hif 16hADIBEROhe LB ILAILCRCY ofl Mt KN dBAR P sat (P2 +
used to reduce power consumption when only a stand-by mode or
0SD (on-screen display) is displayed. In the case of the low
brightness (in case where the burst pulse width is not more than
the predetermined value), the distribution number is made small
30 and the number of times for driving with the same frequency

increases so as not to change the burst frequency.
As described above, changing the distribution number in

accordance with the burst pulse width enables to lower the
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15 is a nunerical value of O or 1 ) ) th cycle becones P O_1 + PoP1Q--z
+ ... + PP1 .. Pn-2Pn- .1Q (wherein -Px denotes the inversion of PY) from
the loworder n-bit data (@2 + Q21 + ... + Qn_12"" 1 (wherein X is a
nunerical value of O or 1 ) ) anobng Mbit data outputted fromthe frequency
setting means 104 during nth root 20 of 2 of a driving pulse of a

pi ezoel efid thd naRAQT BRErehy! 9L HY &L RS LAY, tatﬁ dtﬁif rdl%idﬁ I's
defined as fornula z. The speécific”configuration o g pul se w dt

di stri butdngg-cal cul ati ng neans 109 that is the point of the 25 invention is
shown in Fig | ock _d La n case er 1Sy 4. In
Fig. 34, nurreréﬁthfd@ (}g%ot%gg)\ﬁn%tqoga%rilﬁ h%egangefﬁa?gc%%p% egn r.!Cog - order
n-bit datcar (crmafre;me;j ttrm aﬂ.d'_ﬂ'ta)ﬁuﬂl(ﬁ’l nukdesiincemier 40 lafwdrhetda to Fnext
outp ttéﬁfrom uencz setting neans 104 with | ow order n-bit data 30
(ref g 55 ReCHES AP B th ek fogich anfine bOeRHEYd from
the pul Sﬁé’&@d&f@h%é@é'ﬂ@ef@%’&% $07-pBd QA Byl nberedinexioh 301 >_
Vdut y[ 3: 0] Nurreral s 109bl to 109b8 denote AND gates each having a

negat i vetheb@uésltnéﬁ?quﬁlnﬁﬁr aan 1@@03\8?21dedien60e§h380©@$ﬁ ertmeangnligiat count s
a nunber I fr i ans I05
Thi s courﬁélg%r%\én(ggltgl%c%n tg%%‘gdi(%ﬁggo&%ta#ggené ggmgfxg%dr%g}e&p; =4, it
is a 4-may beuohengédrwietpetateedillyst&awmttum hummee ct@né.ﬁanﬂ'ha&s Shamwrput from
t he_4-bi,t count is represented by Count here, and sth bit signal of the
couhf |§'nr gﬂted by Count [s] . Nuneral 109d0 denotes a sel ector that
sel ects the Olﬁl@Ut 1Er9Hb%BetIPé\|[érﬂ§6&1rH&9@Joﬂ’\ﬂﬁfist Pgs@uUt pti Firpmithe
conparing neans "109a is 1, while selects the output fromthe AND gate 109b2
when t hauggmadt 123 bf demorties @omﬂr@@,l@@a@@nfggameg GucRufesl $he09dl to
109d3 d sel.e S denot es
an | nverLaberof £y hules i EliteR At ftind RESBHEREY, 56 1B Seiodditnr

i nvert epsitpakofi nget t@@n&&@&l@ﬂeraau merarﬂumﬁabeh&%@ derohesod sel ector
thai%sel ects the qutput fromthe 15 inverter 109e0 when_the okl@put fromthe

sel tet oFYF3§dE StS 1R OnWArE Ss éést Setife tESUREETENEhEA™ES Rufer &°€ 109f1 to

109f 3 a"c%nst@.‘cloq(lfe(}rizﬁ%r far %thkﬁﬁl§§ﬂﬁoﬁpﬁ£%'%§ peerl 4099kt o 10993
denote AND gates each having negative |ogical input, numerals 109h0 to

109h3 dénstreasRDd fae esncand 20FetoR gease t Theligiring fLegpérin icg®eshown in

9, S s atad apc Lol havs en the- oVt aut A4 gRbRRdiidlng ratio

di stri bt neans |I's represente is circurt

confi guELedestuchTh@aioztﬁnegtmﬁ’qmﬁn fsrh@mnt ha mtj.saz/vbdtthgs an effect of

di s |but|n/calc ati.n ( P2 + P121 + . 12"-~ 25
(wi ci HEpRYY P B P BaaRGE 6 070 S1PF« FOPEF82bEeoREE SR' 1 +
-SSlR émtodlmeﬁt_ﬁ %htho r_zl% bhRstwhes éhc@x dterrwfesfrbqgeh&wrsmn of
Sx, in which SX = Px + Q (Q-1x' -1-x) px when | ow order

n-bit d¥Bxig\Feng the Mblt data of t he frequency d| viding ratio is greater
than | ow or de 3 f bi is@R. While
_( Q- 1xkﬁeh?h§? Qxfig@{ﬁ% fg}%f%e Ill-?g ril)CH! @%B\g %g%’ trELhOJ E?\%v- order n-bit
dat a anmenpotitmelkbinaydede@pofa tnleenfsr Equeticynglinvg dilreg dedteiat liosy samlgeer t han
| o rder n-hit data, of the it Vdug fromt n-bit data
(28 Reseerdihg P ndi o s bhS kP E R Raet kA TOREAETBE™ or 1))
Of the Afrbite QUi Vi kkanBe 0t £xphilRi RYLtBe wddtdlials epplatihed shown in
Fig. 34, the basic |dea of the present invention will be expl ained, and 5

then, the &kpl ankerémens Aade the way the circuit shown in Fig.
Further, each element constituting the driving

controller 400 such as the averaging means 102, error voltage
30 calculating means 103, controller 121, frequency setting means

104a, burst pulse generating means 122, freguency dividing

means 105a, output enabling means 123, distribution number

adjusting means 125 and control cycle setting means 126 may be
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34 functions in order to realize this idea. Fig. 35 shows a waveformof a
driving pulse for explaining the point of the invention. Fig. 35(B) shows
an exanple of the driving pulse having 10 a distributed frequency dividing
ratio. The frequency dividing ratio of the first driving cycle is 10, the
frequency dividing ratio of the second driving cycle is 11, the frequency
dividin i t r € , I SOLS, i di ng
ratio o%C{}ﬂieé‘/%odljhyhge?él%/t?‘{légrégfcﬂ/gelgg%%gle Ok }%%ehggg%éequenggdfjlgwr}jl ng
rati o ofcanisirfatfitan d\rllt\h rag ?@nﬂh@nes argl S'blfe:m .age frequency dividing
ratio of 5 cy I $ 2 |V|ng pulse is 10.4. Further, the pulse width in
t he waveform(é)%l H%%P trlbuted but fixed to 4 cycles. In this case,
the duty val ueucni‘sef&jub&tarw 4/ thlar eaphesenttube eadkidk Wergdceycle. 20 Fig.
35( % and Fig, 35(D) show exanples of the case,where the pulse width in
onl y°2 &Faoe‘sd%@ ERtEhERRCBYMEN PR thf L RYCBL £ Ed lobe @@ 1@ inAGy pul se.

The exanpl e OfFl@C) 18I dpskd at S§o&ﬂed££<§§amo%ltn@eapé%r?@lc}{&!lpéi‘léﬁ &t ended
by 1 cycle at thHe first and third driving cycles . 25 In"this case, there

are dut yihﬂa@@lb@ caft hdeQt ulsg @l@landgﬁelwceappe@éﬁ@hg tn:othe m\m@’gnwmm form

duty compar. of ill es the case
wher e tﬁp 6ﬁ|s Sgﬂgggﬁextgég%dﬁTp£§? éﬁ#i? 6%?1 §bé§H r]féiurth
cycl es. t%eTrmﬂlhnlslgcmldethdnﬂ yio\eel m et eYibkated a9/llQ_;htSﬂﬂ@V\ll ng a

uni form duty conpared to t he case of g In case where the pulse width is
di stPib rFegiseatida ligbsingi Ha At Vh%tay%@aﬁ%aiﬁﬂ%&a%ﬁ%ﬁri the pul se

w dth maynni8d 1 Re1exiendgd by 1 cycle at the driving cycle wherein the
frequencyng}V|d|ng ratio is nmade greater by 1 cycle for preventing the

non-unifornltintﬁlgbtéﬂn auU@rylrkA|dﬁm§¢QﬂquﬁUﬁQﬁsQﬁﬁﬁﬂﬂﬂng mgpes fically,
t he pul d n riving cycles
OfldeE Ctl% phghg g% ltﬁ % %%%%F%h% %%%zptﬂ chq

that ar cycles i%n S “Aeedl ess to say

t hat ei themnstasmesan, aéiﬁ@rljsemseﬂ‘lfeecilnfgomearrprﬁurn@umixe@wrutdmrmfcfue to the
pul se width dlstrlbutlon but the distribution in (D) is deS|rabIe for
obt B9 ni G ea dgtester ¥rieage Phe ther BLeFORARCHE iChits2BRE8EMEENE 10 i s t hat

the cycle vl + Wl iGh hB& Pl 3k &é@éetm?%ta%@dfp byrnk S¥£4£aifg flaget ed anong

the cycles in whicth the frequency d ding ratio is nade greater by 1 cycle
when theSpabsélgudteti sscm smt bthedutputc asd begsr ehterreffnoeq@eﬁ@y\e@l vi di ng

pul S el o ra Vb oy Bttt Bl BadBat CRRE R saheMFR ARl 2] but

sone i dga idenbeeui kegeakhdetesttihg meeﬁ@dfpelabtettthg phesent putvent i on.
Fig. 36 shows an _exanple of the case where the ulse m”dhyﬁﬁéwb%
di s%Q. byeddage @ﬁet%%r?eteszmleﬁt(%itéﬁﬁaffomerf rRFRE e fen = 3

(i.e., @h%rw%blﬂeaﬁyrwgné £HE |n@5¢ 9funt Iﬂﬁbgré&tﬁ&n@lﬂuﬂ:@ubté:d\%bn{n - L
0] = the frequency dividing ratio is nade great by 1 cycle at 3

cycl es &hﬁn‘guﬁr@y‘tld@é;e@ﬂiotrh@ drihe agrpansdetectinr Ydmsgndeteching 4 (i.e.,
s oo PRalsc) | o EIRSOCEE A3 Blg ML ot i, ng dapigles of e
countera/@nebnSbQMGk ¢ountbngttihateyel daoh tbevdrtern@Oﬁal$batmhere|n (A
OO EPonte L0 Tyt e oLV AL (B eoRceapond (.61, 2d (G
cathode tube 4 and the output voltage of the piezoelectric
transformer 1 and converts the resultant into digital data.
Numeral 127 denotes a lighting detecting means for performing
a lighting detection from the digital output data from the A/D
30 converter 101. It executes ON/OFF control of the shielding
means 15 at a predetermined period for performing the lighting
detection. The lighting detecting means 127 is configured to

output a detection switching pulse to the shielding means 15
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30 coefficient of @ in the formula 1. Fig. 36 (G shows the output
(solution obtained fromthe fornula 1) fromthe distributing neans 105d. In
case where Fnext[n - 1:0] - 3 (that is 011 in binary notation so that QZ °
85 - 0;, AL =1and Q =1 in the formula 1) , the logical sumof (E) and
(F) is shown in (G . Further, in case where the distribution of the pulse
wi dth i saper qutpsad Wi umghhengaaetb@gu@n Eh@s@ukaeawdqmlh@ degkni buted as
shown in FI% when Vduty[n - 0 and @ =

In this Rey CB&@E mﬁasétﬁ2§|§ﬂduBu@paﬁrpégpyglaréW@héhsagemeané é¢dl e
wherein i i of the
pul se mﬁggﬁc?gbﬁgtw%g&gyssge %g?g%ﬁ%fgéﬁ?&y§¢§h] H%ggvglgéfﬁgere
frequencgxgileidedgleéeroinsdabdélgreat by 1 cycle 10 The present |nvention

avoi this prgbl em by foll ow,n techn| Thi s, t chnl ue is firstly
expl al ned in t gmgggg wggnﬁkgﬁvg[t}?gdwmbfg ‘\?d]uFWﬁc 1398 a’tﬁn%&rderl ng
the casecwhageng svér ERextimm®hg= 1é&eﬁ1Q§élnedbtaatuenﬁhagtoghlged

Vduty[3:0] =5 (0101 in binary notation) s. 37(A) to 15 37 (D) show
wave forﬁﬁnéraFh@9c69ﬁvér%2%xﬁﬁﬁ¢%gnxﬁbt&ytﬂégaﬁ1@ﬁed§ﬁﬁ@¢h@np9uéée||ke

those Sheﬁ@?h@t&ig%roﬁ%ﬁ% l?gﬁﬁi% dap cE¥ﬁgeﬁ%¥‘ﬁ§r gzyhe 1¢ eguency

dividing ratio I's nade greate cyc e ar S marks in (E) to
(H, mheQOFﬁeguﬁed0¢o:oanpuﬁﬂthﬁanﬁ&ynansky(ﬂétVdummlmgBlev@l]atstﬁe( 0101 )

ol BT rLAYT 3R niee i Ehenatulily AL T 5RF: ble fon'
of the fgegquensy ﬂsvndoag t@ﬁtpnuénstaglﬁlﬁ@y hand, if the value of Po is

inverted as shown in_Fi 37 (1) to 37 L{ t he ulse wi dth is extended by
1 cycle at theVyperal %?‘R%EIGQ%? BYNDrPA Frrgtshat gan(s¢t thepngmber) |t hat

match to t [ [ o (the
posi ti onqsf\k/ﬁlere :AhEBFr%gﬂ‘éﬁg atcﬁ Vi c%h %ggmégﬁé()é| S %%ogdr ‘eégtgeggggfﬁécycl eis
r ef er r edTh s aorithe ldiest iSbEeamQ)WSpblsatlsimvtreImV\b"lgTHj& i Suappadeht 6si nce the

S7CAP | AR S b E ST D) CPELS TRELERONEOT EF SRS B hhgtbe

i nvert edcofréheyetlbesst Iﬂaadsortﬂlaamaémzmb Rhille mm&éﬂzﬂm&m&ﬁ 0] -
14 (1110) and VUuty[S Oi = 10 (1010), for exanple. Specifically, since ' 86

the npsta sPRFPRE CERTEPE SICKMex@TEINg OTeansl tMe FRISTLRG ghi $¢€@RE bit of
Vduty[ 3: 01, @£ &1 RQIN el o £t i Q:’o%]rfoll‘itéroﬁ_‘zﬂBs' tm\%m% ABHok %BBt@%C’@bé’t her

with respect to this neans e renai ning eac is conpared wth each
ot her, |C@ntr¢heay¢lﬁ(ﬁthcmﬂmp meaﬁb(mhqxupntﬁwKMB\&unhqmgéﬁo(er010) In
thlioca the distribution is, e ecuted at P1 = orm shown in

0
H 2055 e St ob ke o ST Sl el e et O 0N
posi ti Oft@itfdﬂEtty[cZeOlsetﬂthld[QSar{she2I6@Sarﬁcﬂben&lrd?.lcyclesirﬁE@rIﬂ’l@i@rﬁ 2] - 1,

whereby the distribution position
outputted from the second control cycle setting means 126b based
upon the lighting detection pulse outputted from the lighting
detecting means 127, and outputs the resultant. As described
25 above, the control cycle outputted to the frequency setting
means 104 is changed over between at the starting and at the
lighting. The first control cycle setting means 1l26a sets the
control cycle at the starting. The control cycle set by the
first control setting means 126a is set to correspond to two
30 distribution cycles (the amount of A is 2). The second control
cycle setting means 126b sets the control cycle at the lighting.
Its cycle is set to correspond to four distribution cycles (the

amount of A is 4) like the embodiment 1. The other
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10 of the pulse width is certainly selected fromthe distribution position
of the dividing ratio by inverting the value of Pl in the distribution at
Vduty[2: 0]. As descri bed above, in case where Fnext [n - 1 : 0] ? Vduty [n
- 1: 0], Fnext[n - 1:0] is conmpared with Vduty[n - 1:0] for 15 searching
Xmax that is the maxi numvalue of x satisfying Fnext[x] - 1, and the val ues
at (n - doXPRYdEf Pbhis Ofrd hendli ghmé DAL T PRoSYCLE CRUNLASSH{k&kE esponding to
those shown in Figs. 37 (A to 37 (D) ) are inverted to %e applied to the
fornul a axpiesuedipy uspingalighel di soribati ove posexpbasabionseapal se 20

wi dt h ar&nfﬂé%i }qé]yesel ected fromthe distribution positions of the
frequency drviding ratio. Although only the signals at (n - 1-Xmax) th bit
of the counter’s drayilney comerdelleraddid Hes bohSighredecaupt &veragingspondi ng
to all x satisfying Fnext[x]. 1 may be jnverted. This iS because inverting
he st griapana: 1§, (2ETCR Soksd s Saicu el fedteans 1 & SreateATHn

POSi ti ONSe €OI K@ TRAUYH N 4,0 dhe r1dRa 32ab,t Rechakhey A9y biisy fashber, the
circuit is sinply configured by inverting each bit of the counters

cor r espok@ nPuis L bee peneriad ivac agsast hdZei pebibut f oralbbing Hhe@ns he

maxi num u : r T or e, {4 cUi i 0 in Fig.
34 is co%?%bﬁlrlg%h?%ﬁ¢n@%&gﬁ€ %%??%%ﬁ]’di%gﬁ%%ﬁe%f ‘I%{belt-f%pjf oW ng °
f or mul a mesadt B hedf i ns tcasentwhel ecpdiee vad titeintmdans I126amx9ddordt of the

O SEALS Ao BP0, BB )

cycle (whespd mAK ithdsdWrebheah ¥a2kuBoRFiQueedld s LeeorBSH &R above D,
_SS1IR~-~ + ... + -SS1 .. -S"-zSn-1R (wherein _SY denotes the inversion of

S,) in which Subseqentilhexpdpaced: arenfgatiecsrmd hm valdecathodd- X

sati sfyi Q. R = i C .he h when

| ow or de%% t()ji_ftl é“{gadSYm%S %ﬁ]gﬂ%l gﬁ‘gteSggiéagﬂgw?%Igérgtr?esahuotéﬁﬁlc§gdfﬂgédiejf’% ratio

i s greatrervinmnheabovearemt inied Qoddtiguaktibe . A- Dhé ffadtsered dfhthe

i nformati on, whileb%, = Px with r@pfoct to only the maxi num val ue of n-1-X
sat i-9f yiEIGO Y Smbqeiment arg 4y OWS with respect to the others when

the | ow order n-)bhtcHatid RMNGr1tendhRibe fodandd athend seguenay wha di ng
ratio is smaller than | oworder n-bit data of the A-bit Vduty) from 15 the

| ow or defam-asiturgatie R2ghtRpg1performange, 12nd jJafgeridier dARE9EE Phuneri ¢

val ue of ) .t he_ A-hi t. T t. Q. f IS made
concer nionf'gtﬁ%él]l gg&“nvér}e??lgﬁ\é%%ﬁg%ﬁygigiqm% gf‘%k?g?%ﬂog.&ﬁ]leﬁvdvay this
system dperedt.es in the circuit shown in Fig. 35 will firstly be expl ai ned

bef g, 20 o0l anieg Al ystemoiten Eapln o Lt il didl The
burst pulse width at the MIN dimming in order to suppress the
variation in the brightness immediately after the lighting.

In order to realize the feature (2), in particular, the
control cycle is changed over between at the starting and at

25 the lighting, and the control cycle at the starting is made
shorter.

Firstly, Fig. 14 shows control cycles at the starting and
lighting. Fig. 14(A) shows a driving pulse during one control
cycle at the starting, i.e., driving is performed two times at

30 the same average frequency. Fig. 14(C) shows a driving pulse
during one control cycle at the lighting, i.e., driving is
performed four times at the same average frequency. Fig. 14(B)

shows a voltage (current) detection periodat the starting. The
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Vduty[n - 1:0] and outputs 1 when Fnext[n - 1:0] >_ Vduty[n 1:0] . In this
case, the output fromthe conparing neans 109a is 1 since Fnext (n - 1:0]
>- Vduty(n - 1:0] . Therefore, outputs 25 from AND gates 109b1, 109b3,
109b5 and 109b7 are selected at the selectors 109d0 to 109d3. These AND
gates outputs 1 when Fnext[x] - 1 and Vduty[x] - 0, while outputs 0 when

Fnest [ x]qd Sedtoforl iaNAaddul¥ixltHes dRGOn 4y ptdier weids, 15 hesesiiNi gat es
search x satisfying Fnext[x] - 1 and Vduty[x] - 0. 30 The counter 109c is a

drivi ng &yedagrint@trramet gteciciominewifod Hts Wountightiisng nvéiheed or not

is perfao ; ' r S 9 and, sel ectors 1090 to 109f 3.

| f Fnext&%g]dc@C)é g%d}n%gt yl[q%] t:% 88%%2 %gg’?ﬁlgfltegeﬁﬁ?ﬁﬁﬁ §.as§4a e%]?)?res 88

1, so thataitthiendCount[1] at the first bit of the counter neans 109c is
inverted. The AND gates 10921 tqQ 10993 serve to naki n% signals of (I) to
(L) Pn Fig. 3PURRFIURICLY REPARDBIGS: &3 YRR SIS tEGThSIst hnd kI GRS 100i

sel ect td&_m&?smgahgepbwwfbhj R kihd REMENSAQL DBvEL e A LR ddhihg) exanpl e
shown in F|%ie 37. By this operation, the distribution position of the pulse
wi dt h | ftcéMeapheytsepeee ddef conterd af sthre Bughdringosi Filon bP ahews requency

dividin t] tolay, 6% [ IS .t e re Fnext [n - 1:
0] < Vdglth;/{lndpférf:]tg]o%gﬁ:%l%%gilclqhﬁestq{ﬂagﬂé?%sdg%insdngeﬁat%fsarIW§§ec| g|(cal ly, the
di stri buttatipesi t Fdg.ofS (e spidwseami alitputs vodtbaiendyt et ot el driaom t he

il 4 SRgre st e L smuener, o Vidlg oo e, sl | ol 2
frequence tdiotidigiBehAli P1 TR 107 FRED! 5 PS) SBloRE! 8o F Aom i R ldistfdbution
position of the "pul se w dth when Faext [n - 1: 0] < Vduty [n - 1: 0] . This
can be &dltindedubphyted fywar thermpntentvdetiecobrd saflihef gungevtdoed x] = 1
o0 Frotil Mhop GoCPOLT et 418 AP S ER oDeg B0, cage. L fhe valve
can be -dreal i zed bynthel Ab-pat esti08§2medRODB29108b6candtA89BBrkn t he
Cirfgitc%g%@%li%;gf%'s%%ting means 126a, so that the control cycle
corresponding to two same driving periods is set. The dimming
level switching means 128 selects the dimming level of the
continuous driving and outputs the selected resultant to the
burst pulse generating means 122.
20 Fig. 15(E) shows a change-over pulse that is a detection
pulse outputted to the shielding means 15 from the lighting
detecting means 127 for detecting the lighting. When this
change-over pulse is at “H” level, the shielding means is turned
OFF, and a peak value of the current detection signal is
25 outputted from the peak detecting means 7a. The detection of
the lighting is determined by the output level of the peak
detecting means 7a when the change-over pulse is at “H” level.
Specifically, the output from the peak detecting means 7a is
at zero level at the non-lighting period since the tube current
30 does not flow, while the tube current flows when the lighting
is started, so that the voltage corresponding to the tube
current is outputted from the peak detecting means 7a.

Therefore, if the change-over pulse is at “H” level, the
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Fig. 38 is a block diagramsinply showing the circuit of Fig. 34. In Fig.
38, nuneral 109b-1 denotes a first searching 25 neans for searching x
satisfying Fnext[x] - 1 and Vduty[x] 0, 109b 2 denotes a second searching
means for searching x satisfying Fnext[x] - 0 and Vduty[x] - 1, and 109d
denotes a selector that perforns a change-over between the search results

of the fifght5RaHGhARE RS L0 tRRD k15U S 2eR0: 5€ReM At SOr fRans 109b

2 fromthe result of the conparison fromthe conparing neans 109a. " The
sel ect orma®vy Gutisues U'hé Lewelh wheklg tthie ddohkdngi Lst dsbarshnagd weans

second 89 PR yhen GBS out ki ALK S8 GRRRI R hESHE Trr ey |
sear chi nigs neain 1 4H9 bt Hare ortiee gposutkst ¢ xmided AN egiat es 109b1, 109b3, 109b5 and

109b7 in Fig. 34 _.while e .second searchi ng neans 109b-2 corresponds to
the AND gates 4b§hH3: llfbggg,e NehyS STEFHES 3hapryre 34, vibRrdPRRt or 109d

correspoiils thibd Bargehecs 055t 40U 110 199680 i i g3415NBEr e 1O9f in
Fig. 38 denotes an inverting neans for inverting a predeterm ned bit of the
count er #eansin®ie, frmoukpusdaramthefak dgtpatiagd Meams Tadsedrees or 109d.

Speci 11 gal lva ke JOVPLLAe, TEARRT AWEL (L A B QUL UL LA i, gount er

nmeans 109c with respec o the bit e search condition of the
first sgarkde spowmais FLGAb1SE (8) idetsBHONEwERs chiecngbyeans I10Abe Png Thi s

i nvertin, ans . 109f corresponds to the inverters 109e0 to. 109e3 and
sel g@t or% Heg'logﬁfi#ﬁmgt.' St%_e Iglﬂrﬁul?rt&lngl 95°8EnBR R LSE S5 YB fi ci ent
cal cul atiypreiganss tdatspwditsde i nalvdulge Wwdtix st ri bution signal

fromthe output of the inverting means 109f and corresponds to the AND
gates 109gl tSUBPRBIeNtdoh0 fi@ -10hFhams Eegh wevgfawm wheq Biheck di agram

showi n S r : Qe 1 r i : ols
searchign% t @é&%m%%ﬁ@%%is s%elé&g?%%%é?a\{%%%éébﬁéﬁgfx] - 1,
and onl A4 tehowal U@ &ig(nib, xuhz) cohdbcatbbdé heulsounhtsrameanso 10Grht s
inverted., In Fiig. 39, nunmeral A 109] denotes a third searchi means t hat

out géts atthé:hr?a%gm?m%\}al a8 %Eﬁ% gﬁﬁnﬁu ReCREEFRhett 34t et & gg%‘éd 75 upon the
sear ch rgqldi rutioutie £iemihe melreatner t56driThe Ht hergraanfd gy ations
and operations are the sane as those in the block diagram shown in Fig. 38,

so t hat defediddkdty ithelch@ndes oyare PUASedesticitiedy 4bevd iatid ngr esent
enbodi ”%‘étte%rtl‘i‘gnd %lasfe?’%hﬁ*sttse'? engin l%v%L_aU $9 win,t Ileiv%ldi stributed to
0

obtain a resolution a pul'se duty at an average pulse Wi'dth anong driving
pul ses duri ngWaepr edet ki gh tnady deddext ibhepeaf eeei s tate “HU $eveil dih ttessol uti on

can.renmarkab be. enhanced., conpared to.'. 90 t he stens shawn,i.n Figs.
b R BE  ERE S, THLE Syt i aaBrat s b 5ot ot et ot oty
control awstAtkegpecCkel 8ciR§VElie SHEEbYd @i agsl drarehie ttiHPdahasa driving

effici eri%%bof }t3he gi_ ezoel ectric transformer. This greatly

. y this, the control cycle is changed from the cycle
corresponding to two same driving periods to that corresponding

to four same driving periods. Simultaneously, the dimming
25 level switching means 128 changes the dimming level for the
continuous driving to the externally applied dimming level, and
outputs the resultant to the burst pulse generating means 122.
By this operation, the burst pulse is outputted from the time
T2 as shown in Fig. 16(H), to thereby change the dimming to the
30 burst dimming. In this process, there is an irregular period
in the tube current before and after the lighting as shown in

Fig. 16(D), whereby the brightness change corresponding to this

irreqgular period occurs. However, this period is suppressed
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5 contributes to power reduction at a backlight neans. Further, the
distribution formis approximately uniformin this system thereby
obtaining an effect that the di sadvantage (e.g., brightness flicker) caused
by concentrating the distribution positionson aspecific position 10 can

al nost be negl ected. Although a synchronization with the systens shown in
Figs. 2 3Q.1 84400 ecl ild r iR N hi s
systen1g%%%%%ﬂﬁggﬁgFog%fﬁ%ﬁ%aﬁ%ﬁb?hggéy%¥§§%Eﬁ%%gﬁeaéhgg %hgﬁégiﬁéand 5 for
enhanci ngo tthhatr esellutight iyssishagge 4t aihd hggkdgag ke nfod icl gc&atsiynce t he
pul se w dth infé)r.rra%'éon % signal out};%ut ed fromthe adder 110 in Fig. 33)
obt ai ned* TR P Hed b &GENRREUBT IRF habiiG PEfe BRSITIHERH YRS aki BER has a
neani ng Badet A%y (e i RYt nst el udromgt heppyl e it h igakgykalh8ge Means
107, for exarr%?ge, shown in Fig. 21 il(r?mt he enbodi n%bnt 4. 20 Each eI%rrent of
the averdl®f MhthnsSragreney rby 120 thge 28 Aniating feeqisenas of rekiency
setting q&g@&g VAN j : ating
means 10%@@%?%%&V\f%éth a jufs/cfjiddr%f ?rieggsns ?Og%%?asne&vlg@fhﬂsdgﬁgﬂf&

di stri butemggcal cul G}, ngheredinst 409yt et serequtincydi £ /d dait d guPHomeans 111,

T00h 2 AT Sshioh ke AR Togb Y Coandanats OBESen FREArHA Hy roans
109f andf eapidiey &/F 168l RHEAL {108 dRANSILASE 1B ekemaghE: eMet; Ry s arhar dwar e

or software or by a hybrid structure in conbination with a hardware and 30
sof far ed1 3 INDUBTH o1 cRPPE CAB LhT¥ @asexhaifmetinun derapblagzdeorddcg to the
first r .0 sol.v h j ect t-h I | e_i to a cycle
A tines ag,&?onatogrl% ® ntneigreé %P%g@dgfﬁv‘?}%% lt&%hs%ceir}f\?r g}fcrﬁé)%(glss?krﬂlg‘g{ljtjirgn cycl e)
for driVHimg A.i nBheathéhee shme: ey dragi tiresguépey,l andthhe sanglcarg nunber

N at the gveragi means 102 becones equal 5 to the sanpling nunber during
the di starq?tﬁ{ﬁf]g’n%%yé]e@ eﬁ]”Feerdef ore, the burst dinming can be realized in the
digital drivingrrsirendking the dreauenayi ¢ stubayt kencieé diherdidyi ng

pul se. Consequently, the present invention can provide a cold cathode tube

dri ¥Png Ak kex (Fdiang thedrgstafbagdpennuREeT| at 1 adviimhtaged s ittheeduci ng

cost andsauidig SRS N0ase e Aer NI IR 4 Wadite giher LSIs, to

t hereby bring a great ef urther mniaturizatro a small-sized
i magi ng cduaipriery 2 Fatibfactacyaridihiogirnio pelrd oseaoed .neBEng . t D8 siloves t he 15
subj ectsca}.chan ing the distribution nunber in accordance with the burst

pul se w 47 € to | ower the di mi ng | evel, thereby being capabl e of
enl ar gi ng t he 16ii MigNg18aNHEMe MR €DV 84S , dAESEE Sl N its? it huisys to

sol ve the subjects, the continuous driving is executed at the starting, 20
t he?Bby askiusd iewp d1812@ soff oghipemfeg i g K eh ghenggi-mivierg ok theut

distribution cycle from the frequency setting means 104a. The

frequency setting means 104a performs the same operation as the
frequency setting means shown in Fig. 9 in the embodiment 2.
Specifically, the distribution number changes depending upon
25 the output from the distribution number adjusting means 125a.
The different point from the distribution adjustment means 125
shown in Fig. 9 in the embodiment 2 is that the distribution
number adjusting means 125a in this embodiment is configured
to change the distribution number between at the lighting and
30 at the starting, while the distribution number adjusting means
125 in the embodiment 2 changes the distribution number in
accordance with the burst pulse width from the burst pulse

generatingmeans 122, i.e., inaccordance with the dimming level.

60



deteriorating the lighting performance even in the burst dimmng. Further,
changi.ng the control cycle at the starting and at the lighting, or changing
the distribution nunber can inprove the brightness change at the lighting
to a level alnost 25 neglected, thereby giving an effect of remarkably
inproving the lighting quality. Additionally, the fourth neans to solve the

subj ect sTrape p6P¥I dena py!;ﬁelmgdaetésg%ﬂtwrsw Eho Qﬁé'bif E?ﬁ?s'."” by

using a trailing edge of | ock without deviating froma des gni ng
t echni qudebechinggneans LS?7 }Shenebytaddwvth’ng @ms*sellhlam@g anmbprl mim

ven i n SopEETal BPRbP F2 855 e e R R BHE e AR S ot Ton

due to abhosprsvewenini Pi§2 13efficiency and to prevent a break- domm of a
pi ezoel ectric transforner because of a surge upon_driving the

FET
pi ezg’el ectric F+@nstorPRPvWs ($RFROY2 B MG nf L3R ate? S eEXOM FEb€ her
accor di nge4pc L hg thi fid 1&@%@%@0 Sohy e 1R 1 Ao &St ion ﬁgﬁmoar&rpeﬁswmr e

the frequency dividing ratio o6f the driving pul se has already ainmed to
enhance eheogimentiah byeustagtine isadne npkligehofpeartddckn the col d

cat hode f thi e C e pul se
wi dt h ofé#€§O r%%#%%lpu §§$6%' fpé§t3®§?%b s?he ?gggbpg%¥i§g£¥§8 %ge of a
cl ock vvit}inmﬂtammdﬂ;r amgthbelﬁtﬁtex:rhg (p‘extﬂv$1ea5ehaltf)tmfeepebyodbslabmnng an
opti ul g h in accordance with a power supply voltage. The ot her

ef f & uc l%s effect of reduced power consunption due to an

l rrproverrent | mefddfdenan albw %fcfc%(i‘dlfn%r tBr eMentbng 8aPr&3k-€doye due to
a surge can 15 be obtai ned sinmlar to the fourth means. Moreover, the sixth

means t odBbvifg tdevsehjolcike mprevodigrent sy safrhivherrerental gl sehai dth is
O Su i bul e LR.GPL A A L LSQ! ULLON. 08 & RASE-ULY 8! BHleBUR(A0E DY S

width a |V|ng puls a predeterm the 20

pul se W@Hﬂsahsbé;@lfukhoﬂtm@ e mhekiabt yt banmﬂn@needhcoﬂwémlri@réhﬂq@yst ens
shown in s. 25, 28 and 30. Accordingly, this sgstem enabl es to tgerforma

smodth G‘iﬁ%/ LOREREP E\?fﬂoﬁ”é%rb‘é%t tfa Fhanghny W& Fagérotnered

i mprovi ng: aclt | i e Bl ey e tY fﬁqrﬁﬁ?@e'@:‘?tdﬂaﬁv@f sfrg mer. This
greatly 25 contributes to power reduction at a backl1ght nmeans. Further,

thi s sysiish i beontniunbesd dam dypslovent gt Pohgiv nasshehahee ea irehlit¢ oned
fourth %’B[dqﬁﬂfﬁ +/ENS vélh%&%@ét”%%%g{:@éag &eﬁo&pﬁ%kﬂ% 2t téhff ct

Addi ti ona iI'S sys em can be us ogef her "wi and fifth
nmeans. Idflmmmaﬁcbll:el%s inp 38y ivay theatl tdiet iooiyuedtitgn of these systens

AIAZ01 onal |y, RS AHETE G SIS R CIra Gork T 0 an
di gi tal I3 dieabaald 2@6rh8i Rg nedtsdl 67 Y erdbrdisitlaye 881culating means
103, controller 121b, frequency setting means 104, burst pulse
generating means 122, frequency dividing means 105, output
enabling means 123, lighting detecting means 127, dimming level
25 switching means 128, first control cycle setting means 126a,
second control setting means 126b, control cycle switching
means 129 and distribution number adjusting means 125a may be
achieved by a hardware or software or by a hybrid structure in
combination with a hardware and software.
30 The other features of the above-mentioned embodiments 1
to 3 are that the device may be controlled by a software since
the processing by the driving controller can be digitized.

Specifically, the control can be achieved by a microcomputer
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device, whereby a liquid crystal driving neans and back |ight driving nmeans
are integrally formed with an LSI to achieve various effects such as a
backl ight dimming in synchronization with an image, reduced cost, saved
space or. the like. 94 CLAIMS 1. A cold cathode tube driving device
conprising: a piezoelectric transforner which outputs an output voltage

varyi ng | ng. upon frequen f _an_input_ volt 5 taq col d cat hode
iba i EROF ekt BRR R LS ENER B oS aATY P e Due & By EBEF ¢

current flow npighrd0gshsas da cHlow calihiotiet & kibeg atite conyerés the detected
current anmpunt into digital data; a snoot hing process neans whi ch snoot hes
out put dSPEOEIBRNE 0 saF d2Rat%2BBhGerting neans at a predeternined tining:

an error vol tage £ad CY@! isR@pTBANSHYNECH SOMAER PRRIJNY @!%? gbt ai ned
from said snoot hi ng” process neans with reference data and outputs error

dat a Tordetponaneg whether datferiafah mmberf reqobasyaseredage nmpanedwhi ch
X : P . ; j dat a:
Fequench TP G Bbias feik Yhg, BULoe o I, Besl-gluifed frRgL-ToL%

frequency g means aclo érm ned frequency
and genetht gxrcoald vengrpsl se tofe anepvEl dge feeduengydaor agapandi Dg to

i St ButT otERyire W dif SEE I BOR6d rof Neardednpoi AE Pupedats -
obtained at the step S3 is calculated. The predetermined number
10 means here a driving pulse number that is a multiple of the
distribution cycle. These steps S1 to S3 correspond to the
averaging means 102 shown in Fig. 2 in the embodiment 1. Step
S4 compares externally applied reference datawith average data.
The step S4 corresponds to the error voltage calculating means
15 103 in the embodiment 1. If the reference data is greater than
the average data, the next frequency dividing ratio is set
rather great (so as to reduce the driving frequency) at step
S5 in order to increase the current flowing through the cold
cathode tube 4. On the other hand, if the reference data is
20 smaller than the average data, the frequency dividing ratio is
set rather small at step S6 in order to decrease the current
flowing through the cold cathode tube 4. The steps S5 and S6
correspond to the frequency setting means 104 shown in Fig. 2.
Step S7 divides a clock (corresponding to a microcomputer clock
25 or a timer formed of the microcomputer clock on a software) at
the set frequency dividing ratio. This corresponds to the
frequency dividing means 105 shown in Fig. 2. Step S8 counts
the number of the divided data (corresponding to the driving
pulse) for determining whether the distribution number of times
30 reaches the predetermined number. If it does not reach the
predetermined number, the process returns to the step S7 to
perform the dividing at the same frequency setting once again.

This means corresponds to the controller 121 in Fig. 2.
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a controller which controls a control cycle so as to performthe sane
driving for predeterm ned nunber of tines A (A >_2) at said average
frequency; 25 a burst pul se generating neans whi ch generates a pul se having
a duty wwdth in accordance with a dinmng |evel externally applied thereto
and having a frequency outputted fromsaid controller; an output enabling

nmeans Which-4d A0Sy Oy 8L rQk {)uig@ vpilﬁtmjti339aPEulQ?eﬂ”éﬁ/is@.%lppEbS@asfsé@m sai d

frequency dividing nmeans in accordance with the output value fromsaid
bur st pulRen §eeaxidinp nsaappland dimpuwg Level i f yWhen bleabs nsiti bl per f or ms
i nversi on_ wi.t Q.9 swi, t chi b ri,ving. pulse.from said out put
enabl i ng{]sfrgécnsHaﬁldeY%Jé'n\%gllﬁ Shgget %eégﬁagf)fie lo‘g]f&e)%% P?aé-‘at fggn%@ r%?%gz. A
col d catfwste drubatguitvpogt dewh Cke ateobditpgtt poet ai nsetl rowhpt eldeveshi d

snmoot hi n rocess neans is confi ed such that an acquisition range ~of
e Bat S GO FGeHeB 82y P! A1 U A ek 1B S LRI S TACRATS

di stribud atheL et BudceohdaBEat YhEmédies p}dﬁqrwﬂg;h of thee irsds pul se
generated by said burst pulse 10 generating nmeans. 3. A cold cathode tube
dri vi ng eViteeSaécerur agrend dlaitielouinet e lshing siedashildg pr dess neans
is configured to performan 15 averagi ng process.

The operation on the software was simply explained above

10 by taking the embodiment 1 shown in Fig. 2 as an example. The
processing by a software is possible in the other embodiments,
although specific examples are not illustrated here.

(B) Cold Cathode Tube Driving Device/Liquid Crystal
Display Device wherein Power supply voltage Variation is
15 considered
Required to the piezoelectric transformer for driving the
cold cathode tube that is the backlight basically are dimming
function, low electric power (high power conversion efficiency)
or the like. Further, in case where it is used in portable

20 equipment such as a notebook-sized personal computer or a
digital video camera, stable lighting and stable power
conversion efficiency are desired within a wide range of a power
supply voltage considering a battery source from which a stable
source cannot be obtained.

25 In order to improve the above subject, Japanese
Unexamined Patent Publication No. HEI8-33349 discloses a method
for changing a pulse width (duty ratio) of a driving pulse in
accordance with a power supply voltage to cope with a wide power
supply voltage range. This method is referred to as a duty

30 control below.

The principle disclosed in the document 3 will briefly
be explained with reference to Figs. 48(A) and 48(B). Fig.
48 (A) shows a driving pulse applied to a gate of an FET that
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4. A cold cathode tube driving device according to claim1l1, wherein a
controlling process neans including said snoothing 20 process neans, said
error voltage cal cul ati ng neans, said frequency setting neans, said
frequency dividing neans, said controller, said burst pul se generating
means and said output enabling neans is configured by software. 25 5. A

liquid ciyssd alwidichalndy t#anise8te@BEi $igikzcelld Wi er¥dlbrRarel ana col d
cat hode tube which is a backlight of said liquid crystal panel;_and the

col d cathéfe 4845 ahpPYs FgdBRin @ ldads deRgrebed byl FRSCIrL v ikisePBL At he
|
pi ezoe e@ﬁiscdr_—sﬁﬂs&?wggt Lg%gﬁ%gb&%g%&fﬁg?ﬁigo@gﬁ g% %Pgsg;g%we IS

connected to said co ode e driving
devi ce cbﬂbtagengWhﬁﬁn@%bekmeﬂrﬁmppﬂansbétage whiseh, othpuéspantodeput

vol t ependj ng upaon _a frequen of .an,jpput. vol.ta cold
R Lt b G R PE R R Bl O e I g Pl e
el ectri cistnrerd ¢ befbgettNeodghi s aiod tegletbsedmosle . uba naith £eayeet s the

detected current anpbunt into digital data; a snoothing process neans which
smoot hesIHER bUEUFESAL f F BT $2i GUEESAL LohbeWs i Yy FhaRs™ @l feu bk Baet BR%i ned

timng, dP280 &4 @qulhfeaal%mealtcehet FBY 1Bans WY ¢y COFRaLes34R0L I ng data

obt ai ned from said snoot hing process neans wth reference data and out puts
error dad drakdypordi h@et&"ﬁ'ﬁ 4 s Witiehf eheacmplad fcn.le“qlseewcﬁlsmsttlmlgowg}ans whi ch

sets @ fre uenc f 5 dr|V|n e on t a said error data;
a f equé%%% 26(ﬁf5%%bans§ﬁ%%§? vV E apﬁ?ﬁgﬁl%?gﬁlﬁr% $%¥%%ﬁ

f requenqyagartﬁb geneked esoven dr iIMHg1E Addes e tofe @&lwelrga@@ﬁrs%quﬁmm is
corresponding to thefrequency data outputted fromsaid frequency setting
means i rR%) ¢ sR¢ i BuBIcERIEpEIcE wantbht% RV SR Yo aOilE@ 96f S8afd8 BRI vi ng

pul se; ap%ﬂpl:&ﬁé W 6D é’Oé@r 1.;&111 fD’&Jﬁ@O as to performthe

sane driving for a predetermned n tines
Fig. 48 (D) shows a dr1v1ng pulse in case where the power

15 supply voltage increases. This driving pulse is set to have
a width smaller than that of the driving pulse shown in (A).
By this setting, the FET is turned ON at the drain voltage of
0 V as shown in (E). This method enables a driving with reduced
loss even within a wide power supply voltage range.

20 As described above, the document 3 discloses the method
for varying the duty ratio of the driving pulse in accordance
with the power supply voltage, to thereby enable the use within
a wide power supply voltage range.

However, in case where this method is performed in a

25 digital driving system, the resolution in the duty ratio is
rough by a clock of on the order of 10 MHz, whereby a sufficient
performance cannot be obtained. (Raising the clock frequency
can assure the resolution, but it causes increased circuit power
or increased radiated interference, thus unpractical.)

30 Therefore, it isdesired that the duty ratio of the driving pulse
can be adjusted in intervals of as small as possible for
obtaining a satisfactory performance within a wide power supply

voltage range. Specifically, the duty ratio can desirably be
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AXx k (A>_2, kis a variable value according to said distribution cycle)
at sai d average frequency: 25 a burst pul se generating nmeans which
generates a pul se having a duty width in accordance with a dimmng | evel
externally applied thereto and having a frequency outputted from said
controller; a distribution nunber adjusting nmeans which sets said 30 val ues

of N and v dekeni aitng es@itd odiisir sRUpls0B FCYBLepbRefOBLYREYI 0B1MAER .t he
burst pul se outputted fromthe burst pulse generatlng nmeans; an out put
enabl i ng means Fafi- ch9t Bheiss oh carseomherkdnotibpuduloy ratgo fise adBLPIERE pul se

from sai ¢ fr, regygeexldammg ngg@@ém' n dﬁFé%‘iFHlC‘% V% itfpy}qr@gngyaw @' ue from

sai d burst pulse generating power ns I'ch
per f or s cilwedriss ormeas t hh mtsg/kuetmhhag:etsp]nitaouhrb&'wrge@ulssetﬁatoltrhsaled out put
enabl i ng _nmeans and t.hen outggts to.s |ezoekﬁctr|c ransforner. 7. A

col d tat R6G& CubeP8Hvi H§°8 chegéégﬁﬂg §*P8 ENGi Af82lwherein 10 said

snoot hi ng procea{slaaaﬂsohslmcrafdeguye@lnsm@ drhakamplacquiswiddsenwharge of the
data to be snoothed is variable in a unit of nultiple of said distribution
cycl e i n2aetefbatcdOufin 1enel pided Wtd R0Bfte RECBUFSt a slnise ngeRBAGCed by

sai d burghpHESE ARNAIAA VY "BBOSKHAP the pulse width of the produced

pulse can be adjusted every one cycle from 1 cycle width to 99

10 cycle widths. Specifically, the duty ratio can be adjusted in
1-% steps.

However, in case where the ideal duty curve has the duty
ratio of 30% to 20% at the power supply voltage of 5 V to 10
V, for example, only 10-step adjustment (in 0.5-V steps) can

15 Dbe performed in 1-% steps, that cannot afford a sufficient
performance.

An embodiment 4 and the following embodiments of the
invention are accomplished in view of the above-mentioned
subject, and propose a duty control system in a digital driving

20 system without deteriorating an efficiency for aiming to
realize a cold cathode tube driving device coping with a power
supply voltage of a wide range.

{Embodiment 4)

Fig. 21 is a block diagram showing a configuration of a

25 cold cathode tube driving device according to the embodiment
4 of the invention. In Fig. 21, numeral 1 denotes a
piezoelectric transformer, 2 a coil, 3 a switching transistor
(FET), 4 a cold cathode tube, and 5 a current detector that
detects current flowing through the cold cathode tube 4 and

30 converts the detected result into a voltage signal. Although
the current detector 5 is representatively illustrated by a mark
of a resistor, it is not necessarily be a resistor. Numeral

7 denotes a rectifyingmeans that rectifies a sinusoidal voltage
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8. A cold cathode tube driving device according to claim®6, wherein said
snoot hi ng process neans is configured to performan averagi ng process. 20
9. A cold cathode tube driving device according to claim®6, wherein said
di stribution nunber adjusting neans is configured to determ ne said val ue
of k such that the control cycle by said 25 controller is nade constant

regardl egs phlsahderade BfoiNthld curkedel deeathodes talhe hniveidte dew ce
according to claim®6, wherein said distribution number adjusting neans S

confi gur é‘&S:B]éttaé‘taHP'&%tDCséfPéltéﬁleu%“‘?)flOA Bh AR gosyRritem é2 fiF oA/ Bncti on
i Uhecdb by helur sridbee oHLPYbLedolr MBaLdcBuLsbrpehse generating

nmeans. 11. A co cat hode tube dr|V|n devi ce according to claim®6,
wher ei n aecanﬁwohglmgapSOEesetﬂean@lgImﬁluﬂIgp@b;dT®w06V®|ngnpem¢ess means,
| t age culati said 5 fr settlnglneans sai d

fsfiagu nc;?,o |€?%|an§uﬁ’gléﬁ§,en BeP 0t bt In ordeegLf:%nggtaln av
detection accuracy and its sampling clock has a frequency
sufficient for assuring a response speed required for the
control. An output digital signal from the A/D converter 101
is represented by Vad. Numeral 102 denotes a smoothing process
10 means that performs a smoothing process to a detection voltage
Vad outputted from the A/D converter 101 within a predetermined
sample number. The output digital signal from the smoothing
process means 102a is represented by Vave hereinafter. Numeral
103 denotes an error voltage calculating means that compares
15 the output signal Vave from the smoothing process means 102a
with externally set reference data Vref, calculates the
difference between them and outputs the resultant as error data
Verr. Numeral 104 denotes a frequency settingmeans for setting
a frequency of a driving pulse of the piezoelectric transformer
20 1. This frequency setting means 104 adds or subtracts the
frequency corresponding to the error data Verr to or from the
previous frequency setting value Fprev, and outputs M-bit data
Fnext. This data Fnext means a frequency dividing ratio for
the N cycle of the driving pulse. Numeral 105 denotes a
25 frequency dividing means that distributes the frequency
dividing ratio such that the average frequency dividing ratio
Div of the driving pulse for N cycle becomes Fnext/N to divide
a clock. A driving pulse to the piezoelectric transformer 1
is produced by the frequency dividing means 105. The driving
30 pulse for distributing the frequency dividing ratio outputted
from the frequency dividing means 105 is represented by pzpls.
Fig. 22(B) shows an example of the distribution pulse

pzpls produced at the frequency dividing means 105, while Fig.
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controller, said burst pul se generating nmeans, said distribution nunber

adj usti ng neans and said output enabling neans is configured by software.
10 12. A liquid crystal display device conprising: a liquid crystal panel;
a cold cathode tube which is a backlight of said liquid crystal panel; and
the col d cathode tube driving device according to claim15 6, wherein said

pi ezoel egbrice ghengfekganeheysa&diaghg ¢athgdgatybendei ysng device is
connected to_said cold cathode tube. I3. A cold cathode tube driving device
conpri si AgMurbageprezygeptaineds r drisrdrator Ritd-cR20dpsheovwanaoaipak-vol t age
varyi ng depends : n : [ I I t hode
tube which is gﬂgoggggl@%%égggﬁvggé?%Haﬁ%éﬁgqﬁﬁygﬁ}ggg%ggg%e gcgpgg current
fl owi ng dheolighedaid tbkddoathede Luljdapadeasn Unpuéminetiapetefnt25 said cold

cat haqde tube, and, conyert C he detected current anoupts into digital
datad s PEERLERG:GBINRY 20l hebadl ol citib s SPE TGN 3§ FRonPERE - out put
from sai dhdataaeap¥ebti BB BEaNb8damEAROL B fHa £r P8ES§e FEABSo PhEgsSNDOt hes
output data from 30 said data converting neans at a predeternined tim ng;

an erroreyepreipental val vepAgtitahsl WA Eng coppas eb06nbot hihg data obt ai ned
from said Smoﬁ&hé‘ﬂai’r?ggséeﬁg@é@ W LG, LETSESNES F5 B GO QUL PLUE Sq €T T Or

data corresponding to
means that detects a power supply voltage and outputs the

10 detected voltage as a digital value. The power supply voltage
detecting means is configured as shown in Fig. 23, for example.
In Fig. 23, numerals 106a and 106b denote resistors that divides
the power supply voltage and converts the divided power supply
voltage into a voltage that adapts to an input dynamic range
15 of a second &/D converter 106c. The second A/D converter 106c
converts the inputted voltage into a digital value. The output
signal from the power supply voltage detecting means 106 is
represented by Vpwr.
Numeral 107 denotes a pulse width calculating means that
20 calculates a duty value (hereinafter referred to as Vduty) of
the driving pulse from the frequency data Fnext obtained at the
frequency setting means 104 and the power supply voltage
information Vpwr obtained at the power supply voltage detecting
means 106 based upon a relationship between a predetermined
25 power supply voltage and duty value of the driving pulse. The
duty ratio of the pulse width means a ratio of “H”-level period
and “L”~-level period. This duty ratio of the pulse width
corresponds to pulse width information.
For example, Fig. 24 shows one example of a relationship
30 between the power supply voltage and the duty value of the
driving pulse. There are various calculation methods of the
pulse width calculating means 107, and special limitation is

not made here to the calculation method. The various
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99 difference; a frequency setting neans which sets a frequency of said
driving pulse on the basis of said error data; a frequency dividi ng neans
whi ch divides a clock of a 5 predeterm ned frequency and generates a
driving pul se of an averagefrequency correspondi ngto thefrequency data
outputted fromsaid frequency setting neans in a distribution cycle which
is Ncycle period of said driving pulse; a controller which controls a
control egtfelabian mﬁihﬂﬁspéﬂﬁbwgﬁ Heo s anamgl Bvish§OMare thqt ddevlet @ ned

nurber O’Ehéifﬁsaﬁ#ﬁﬁsp %let%ehh&@‘bet{}%%g rs%ﬁwie‘prr‘ggéi& G Qhacyhle

swi t chi ng neans w tches said™n rn-conjunction wth a
| i ght i ngdaey vatlivenVgut g e sosttqued éd fdwancaid d ROt (iregddendgtmegonghns; 15 a

dimming level switchin an 1ich_switches between_.an externally applied
di mi ng ?we|m62cﬁboc§'1‘s°éﬁs?§f~‘8?9‘@‘ies i PR ThR] %“anL&Snjg bV oA WEh ¢ he
| i ghtsi nga deig€d + osmpprbsentionited fromsaid |ighting detecting neans; a
burst pul se generating neans which generates a pulse 20 having a duty wdth

i n accor dance N{R®ra-hel QutIRACOESDA RHF iR HY 3Bt 9w tegary Fans and
havi n GUERG t , i I {.put | i ng nmeans
whi chgt Eéljs@on ory%}? @ﬁ%%ﬂ?{)ﬁ?ﬁnﬁ%%%iﬁ%&pﬁ@g BhR Y

fromsaid Trequency
di vi di ngoutpinstéd 25omcitoe danicee width hea oo jaitinalneardfs dfiBai d burst pul se

generati ng nmeans; ower anplifyi means . whi ch rforne.inversion

M Eh & swtch e b REoHE S B LL T GheORr At S, PR LHABRE A s and

t henpout{hid pulGes alidthi £IPesElid inedr=ansBor nev .ri3 29,.ndmeohd r@gdode tube
driving device according to claim 13, wherein the nunber of tinmes A

r epr eserfi§RFehe Ruts BEdE) @hapddy means (decode means) that converts
the inputted distribution pulse pzpls into a pulse width

according to the duty wvalue Vduty.
When the duty value Vduty is A-bit digital data, data of
15 high-order (A-1)-bit is referred to at the pulse width shaping
means 108a and a signal of a pulse width equal to the value of
(A-1)~bit is outputted.

The data of the high-order (A-1)-bit from Oth-bit to

(A-1)th-bit of the signal Vduty having a bus width of A-bit is
20 represented by Vduty[A-1:1]. The data of the least significant
bit is represented by Vduty(0].

Fig. 26 shows input/output waveform of the pulse width
shaping means 108a. As shown in Fig. 26(D), the pulse width
of the outputted pulse is equal to the value of Vduty([A-1:1]

25 shown in Fig. 26(C).

Numeral 108b denotes a D-type flip-flop (hereinafter
referred to as DFF) that latches and outputs an output signal
from the pulse width shaping means 108a. This output signal
is representedby an initial pulse pzplsa. Numeral 108c denotes

30 a DFF that latches the initial pulse pzplsa at the trailing edge
of the clock and outputs the resultant. This output signal is
represented by a pulse pzplsb. Numeral 108d denotes an OR gate.

The output signal from the OR gate is represented by an extended
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100 at said control cycle switching neans is set such that the nunber of
tinmes at the starting is snmaller than that at the lighting. 15. A cold

cat hode tube driving device according to claim5 13, wherein the
distribution cycle of said frequency dividing neans is switched in
conjunction with the lighting detection pulse outputted fromsaid |ighting
detecting neans and is set such that the distribution nunber at the

starti ngrissspaiplsc .t h'&he&e Etﬂfalo&cc atnhieOR glal:elli(lﬁd cogstitutdacphiseat hode

tube driyij V|ce ceording 3z sai d.di_ mm. | evel

swi t chi ngicr{‘rgg tend eﬁpg,dlpgg h‘flc\g\gﬁ r}ﬁbe Pé’\}éle ?"égggskﬁti ng
100% conéxﬂelweddhsvagrwtne@ olre tmghm@gcaipt@gmmwl@@l@yiwlted from
said |i ht| n{gﬁ)ﬂet ecti n neans has a value showi ng a non-1i %htl ng. state. 17

A coI étot%ée PEGP fySBESrERT AT GPﬁ@uFé Hapmtended PhhEeein a
cont rsol | ¢ NP1 PE QGRESS JRANALENGOYE 80 SO S r@a%hh't@gt%omglgf%@lséa' d

error voltage cal cul ati ng neans, said frequenCy setting neans, sald
frequenclyzléllS/&i diiren et S/dwtal D Jo Gt 100l | Bhe gatﬁutoflmroltfa:@'c:tei@wconhl ng

means, 2 n sai d burst enerating
neans an sald !!’Fp%taseéllg ‘F n%%rr‘igag%srhgzs&g‘gn d|’rgu eJdVJbril sc}'f{)u}@g ég'18. A
liquid aryseedl dl Gt ayerdeye < earc olpre St eg: fadr Imrqm:ttmg/si algsiwel ; 30 a cold
cat hode t.ube whi Cr}tﬂﬁis&a backl j ght of said i cryst al ganel and t he

col d catHodet iy Pnge RAAEELMEBP IR ock i5 invérted
10 Dby this inverter 108f and then latched by the DFF 108c at the

trailing edge of the clock.

Subsequently explained is the operation of the cold
cathode tube driving device having the above-mentioned
configuration shown in Figs. 21 and 25. The operation will be

15 explained centering on the feature of this embodiment.

The feature of the present embodiment is a technique for
doubling the resolution in the pulse width of the driving pulse
pzdrv by using the trailing edge of the clock.

A normal digital LSI is generally configured by a

20 synchronous circuit in which a process from designing, proving
to manufacturing is established. Therefore, such a
synchronous circuit does not use a trailing edge of a clock that
is an asynchronous processing. However, this asynchronous
processing can relatively easily be proved immediately before

25 an output pin of the LSI, so that the processing using the
trailing edge can be executed at a final stage of the circuit.

Specifically, the duty value Vduty of the pulse width
information outputted from the pulse width calculating means
107 is divided into high-order bits and low-order bits. The

30 high-order bits of the duty value Vduty are used at a first stage
to produce a pulse having a predetermined pulse width in the
normal synchronous processing. Further, the low-order bits of

the duty value Vduty are used at a second stage to increase the
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13, wherein 101 said piezoelectric transfornmer in said cold cathode tube
driving device is connected to said cold cathode tube. 19. A cold cathode
tube driving device which generates 5 a driving pul se obtained by dividing
a clock of a predeterm ned frequency in accordance with a frequency
dividing ratio corresponding to a difference between an electric anount in
a cold cathode tube which is a |oad of a piezoelectric transfornmer and a
ref er enc8SEPERELPE RYITAIML OHRS Souspits thRet gehking efiqgrulofethe eboski d

pi ezoel egkike +HANSTQLABL, oEOPREI SLRGHGA ue j ns which
obt ai ns g?viding rgt?og?nfggngg%oﬁéggngoséé %’d?ﬁ%i%gﬁéthggﬁgon1the
i nf or mat poaceéssapdidi hberpacEormedir equency di vi di ng nmeans whi ch generates

a distribution,l15 se which is a |se in,a state_of djstrihuting a
frequency di vi Eﬁ‘ﬁgp&a?ﬁ@"aH”at‘f%fsoord%ﬁlpgo(Sfp%%%md?Q/PHilﬁﬁ ‘?”a‘?‘f}?)s it t?’grati on; a
povers supphyesol tRge. dat@Qt shgweeanslydk chiplet et 8iatpPoWRE 1 8HPPLYs¥ Ol t age

and out puts_power supply voltage information; 20 a gulse wi dth cal cul ati ng
means whPgR1gd e dhest irquency @iy idinermaanond 065 <81 EhR dutvbreliea pul se

on the b@éﬁ@yOf(§?h%ﬂ%9WﬁﬁﬁﬁH@Ph¥&¥0%% 9&n5n395ﬂagkagra?g—?ngigi¥£ di ng

rati o infornation’ a pul'se w dt'h adj usti ng”means whi ch" generates an
ext endedt 26 dquflysea hae Vag ta, pand d EW tttdhdeba dldued (i) ko weiwky ngeshealspul se
wi dt h ofsfgﬁgfgégﬁéigyéigp PWésdeQthe basis of said pulse width
10 In case where the Vduty is 10, i.e., (1010), in a binary
notation, for example, the data Vduty[A-1:A] showing the
high-order (A-1)-bit is (101), that is 5, while the data Vduty (0]
showing the least significant bit is (0), that is 0. Further,
in case where the Vduty is 9 that is (1001), in the binary notation,
15 thedata Vduty[A-1:A] showing the high-order (A-1)-bit is (100),
that is 4, while the data Vduty[0] showing the least significant
bit is (1), that is 1.
In Fig. 27, (F) shows the initial pulse pzplsa that is
obtained by latching the pulse outputted from the pulse width
20 shaping means 108a at the leading edge of the clock, while (G)
shows the pulse pzplsb that is obtained by latching the initial
pulse pzplsa at the trailing edge of the clock.
Firstly, the first-stage pulse width producing process
is performed at the pulse width shaping means 108a. The pulse
25 width at this time is the Vduty[A-1:A] obtained by dividing the
Vduty by 2 and discarding the decimals.
For example, the Vduty[A-1:A] is 5 when the Vduty is 10,
while the Vduty[A-1:A] is 4 when the Vduty is 9.
The pulse width extending means 108g constituted by the
30 DFF 108c and the OR gate 108d performs a process for extending
the pulse width of the initial pulse pzplsa by 0.5 cycles of
the clock. Fig. 27(H) shows the extended pulse pzplsc obtained

by this process.
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information as well as switches between said distribution pulse and said
ext ended pul se on the basis of said pulse width information and then
outputs the resultant to a driving elenent 30 of the piezoelectric
transforner. 20. A cold cathode tube driving device according to claim 19,
wherein 102 said pul se wdth calculating nmeans is configured to output
the pulse wwdth information, as to said distribution pulse, obtained from
sai d power supPhhseanengeyintbeneleateroht8ai duppwes Shppeytendedge

det ect ”grgﬁgéngzﬁggcséhgtd& !Qkagr%ggpi.@ Egé?&g‘%hé’ﬁ‘ éxéé’”{rﬁﬁg LEequency
setting neans as data I ncludi ng decl means” corresponding to one cycle or
| ess of HdutpfR) asdlsai de pul shee viliddradbdistd nge nesarlis | &ncbhéi gthed to

i nclude:, 10 ,a pul se width pi ng, means,_whi ch, shapes .t he_pul.se w dt h of

s ddr sPAnBattin A a0 B PRER Shf T SRRy Sk DPHLAG WeShe {nto a
val ues cothespoangée Ngr iy 01t egen, neass, ofhsed d PulosaivediRetdnglat i on; at
| east one gulse wi dt h extendi ng neans which converts 15 the output from

sai d pul $8N¢i difcardpingeHBansSi Bl o thie e RICQFgRl s& it idiedxt ended
| o= Fng=t e f
pul se ngkﬂn@?dp@l%“rﬁf@f@%a@?}#‘éﬂteﬁ 1St %Q@?rg?ﬁh a?g %EFS\‘?HL?H'[ rom

said pul se wdfh extendl ng nean e output from e wdth
shapi ng oBavdutiy, ssor deneewiidth ohed vayalenf a weddacomal . 30cyedas, of said

pul se width infornation and outputs the, resultagnt. 21._A cold cathode tube
G ving. 001 8 IR EoR Rkt o8 SRPUNY foide 205 T netPS CHIST R D & cf ook
of aredeterrhaewidt RNy, ithaAGRAIEARGRILH iR 8 thequescy Wavidbng ratio

25 corresponding to _a difference between an electric anount in a cold
cat hode ERdeVditieh ildkewised whea phezbenetis &t thgsPylaervadlhalsef erence

el ect 11 ca gL A PUP 4 1 JUNERAY enPULSRALOe AL BLEZOPL ol | o

transforner, conprising: a frequency tting neans wh tarns dividing
rati o 30penformad; ovheasely thai dudsewvw hdtipulee datdm tbhe riesponast tona of sai d

o {1 erence oo, {" eAUpey. 4 vioLng. s L ch geper e o st but on pulso
15 This driving pulse pzdrv is outputted not via the
synchronization circuit but directly from a pin, thereby not
bringing a problem upon designing and proving a digital LSI.
As described above, the present embodiment can provide
a pulse width resolution with a double precision by using a
20 trailing edge of a clock without deviating from a designing
technique of a digital LSI, whereby a driving pulse having an
optimum pulse width can be obtained within a wide range of a
power supply voltage even in a digital driving system. This
leads to reduce a power consumption due to an improvement in
25 efficiency and to prevent a break-down of an FET or
piezoelectric transformer because of a surge upon driving the
piezoelectric transformer, thereby bringing a great effect.
Although the above-mentioned embodiment utilizes a
trailing edge of a clock, a delay element can be combined to
30 be used.
Fig. 28 shows an example of a pulse width adjusting means
in which a delay element is used in combination with a method

using the trailing edge of the clock.

71



a period of K cycles of said driving pulse with respect to the reference
dividing ratio D; a power supply voltage detecting neans which detects a
power supply voltage; 5 a pulse width cal culati ng means whi ch out puts the
pul se width information, as to said distribution pul se, obtained from said
power supply voltage information from said power supply voltage detecting
means and said dividing ratio information_from said frequency setting neans

as data incl udith§ldedOmatuner et 8gdrand pOREL fignar oheley elemgntSess of a
clock; arpdl e 2 datﬂbmamfn hEE QRS 2 yeqeméh%e%stgetp%sae #h iy, of ¢ sai d

di stribution pul'se outputte fromsaid frequency dividing neans into a
val ue corespysdd rf & clocknt dymeradahgsal @alww gdennicdt GRigedFsmt i on: 15

at Ieast Is exie n ns ch co vert the out t from
sai d pul & &%Oggh € ‘2"9%%@ é(ian('gslglinﬁ mtalﬁ?le 8%' pltﬁusre Srs Xt ended
pul s& wi sHrie aasndhasSbe aihm@ucreansmhhcdm*ﬁy\sﬁmmelwsv\eaawhhmCEhIcput from

sai d pul wi_dt h .ext epndi n ans and the output fromsaid pulse 20 w dth
shapi ng %ng‘angnl ﬁlﬁccggdaﬁgﬁnai‘i:ﬁ YALUGaY HetBiis HeRidei nidlUtneldhis! of sai d

pul se wigy mdpﬁtqrermtﬂoorah@ngqugpu&athhghéﬁwbtza@éngOl@séirarva ng @& garent  of
t he piezoelectric transformer. : cat hode tube driving device

accor di Rfiw @enitmoZst ke wil g8 Wl\Mtélr éisrp%aftdrrmﬂi S wedng @xtmeidiing neans
has a deéﬁ e fdg adiygt 'a@gv%%pzoﬁh' C@nc%'é(e&l’?eﬁm YT PYE Etoqomzsé’“ d pul se
n-ex pul se” wi

wi dt h sh ng means 1Tnto a pul Se™ havi ng h “ex't ended
wi t b0t hechreeshent ived wdelVayutdi fifser @ncie 1s)e{blshorvtcartyt[lz>ar2]3&l-mte igycl e of said
clock. 23 A cold qgrhoge {ube drjving deyice according 1 chaim 22
means 108a and a fine adjustment is performed at Vduty([1:0] that
is low-order 2-bit of the duty value Vduty.
This will be explained below with reference to Fig. 29
15 showing timing waveform charts of each means.
In Fig. 29, (F) shows a pulse pzplsa latched at a leading edge
of a clock at the pulse width shaping means 108a generating a
driving pulse having a pulse width determined by the value of
Vduty[A:2) and then outputted therefrom. This pulse is
20 approximately the same as the one explained in the embodiment
4 with reference to Fig. 25. This pulse pzplsa is delayed by
1/4 cycles of a clock by the delay element 108gl, to thereby
obtain a waveform shown in Fig. 29(G). Fig. 29(H) shows a pulse
pzplsb obtained by latching the pulse pzplsa at a trailing edge
25 of a clock. This pulse pzplsb is the same as the one explained
in Fig. 25. Further, this pulse pzplsb is delayed by the delay
element 108g2, whereby a signal shown in Fig. 29(I) delaying
by 1/4 cycles of a clock with respect to the pulse pzplsb is
obtained. These signals respectively pass through the OR gates
30 108d1to 108d3, to thereby obtain three extended pulses pzplscl,
pzplsc2 and pzplsc3, the pulse widths of these pulses becoming
gradually wider in this order in steps of a resolution of 1/4

clock cycles with respect to the initial pulse pzplsa as shown
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said delay fine-adjusting neans is configured by a flip-flop which | atches

at a trailing edge of a clock. 24. A cold cathode tube driving device which
generates 5 a driving pul se obtained by dividing a clock of a predeterm ned
frequency in accordance with a frequency dividing ratio corresponding to a

di fference between an electric anount in a cold cathode tube which is a

| oad of a piezoelectric transfornmer and a reference electric anobunt and

out puts ¥hef¥Eherdl €l 1 s&)10 Thesardeprezeeledeti tot1@%e?d wemform

conpri sing- ESHEN ' [ bt ai,n [

i mmc:r rratalpg‘”hha;ns&ét o0 sal ?em%dng%ﬁgg%fe\rﬂ%#?ﬁg %ﬁ?o??rg%?%%%légui dé)O

di f f er enezplscd rieqaenoyddneedsgh hensabhhechf Jeherydtled Jaaddstutiguts on 15
pul se bei,ng_in st at f di.strj butin fr encgy dividing ratio on the
basi s o?t%%irﬁsali iaﬁli%ngo %{5’[% EE{F,#-N %te%oﬁh% %ﬂ%@gpﬁ/%ogpﬁﬁuﬁ? ecting
means Wy oh stehestingat ROVl r SoipRs ty pudlsleagedeh 2 seNdtceda PWhes th&lt h

cal cul ating neans. whi ch cal cul ates pulse 20 width information of said

di stri bUfqry ki G 16n1t HehdRMLSOPZRAPAL PRARNG EHS §eoend difr 1o tmt i on
and sai Guid Qs ALl o BLRCHR! Iy AL el 3e 91041 2l Ul Al geans

whi ch generates an exten pul se having a pul'sé 'w obtain
ext endi megplecdliaseing dite 25hiofd gk alvesttr idultseonwipitils € shys el ectmatl es,

t | ayed d del ayed and extended pulse each havi
ool se il G ARy TR S Ho T e BRRIEFGn B SE S5 RPN anded
pul se byplsdwedehes sg1ebeebasiBi@f 293mg mvﬁﬁavaxditﬂﬂdq‘n{a@watﬂm\f romthe

|

pul se width cal cul ati ng neans, sw tches anong said 30 stribution pul se,
sai d ext@idettad & 98 FEfeldayed pul se and said del ayed and extended pul se

on the basis %fpetc*l%i@“fe%%ﬁlgl%%hair%f ?'i'?fﬁ%it%teénﬁeﬁ%f‘ Ct%egr‘t\ﬁjz%& Lesul tant

to a driving el'ement o i ezoel ectric transtorner A cold
cat hode 2lubre (d0ilWilng, dédute[AcZbr=i (P10 el &i andd4vduhef i O] sai d0pl) se wi dth

cal cul atl g MRANS sy 200ET HE9-10: 9 ULPLL 106 PUSS Wt eramtion of
15 this time, that is just equal to the value obtained by dividing
21 by 4. Further, WhenVduty=20= (10100),, Vduty[A:2] = (101),
= 5 and Vduty[1:0] = (00), = 0. The cycle of the driving pulse
pzdrv is 5 cycles at this time, that is just equal to the value
obtained by dividing 20 by 4. Further, When Vduty=19= (10011),,
20 Vduty([A:2] = (100), = 4 and Vduty[1:0] = (11), = 3. The cycle
of the driving pulse pzdrv is 4.75 cycles at this time, that
is just equal to the value obtained by dividing 19 by 4.
Although not shown in the figure, when Vduty = 18 = (10010),,
vVduty({A:2] = (100), = 4 and Vduty([(1:0] = (10), = 2. The cycle
25 of the driving pulse pzdrv is 4.5 cycles at this time, that is
just equal to the value obtained by dividing 18 by 4.
The configuration shown in Fig. 28 provides, in addition
to the enhancement in the resolution of pulse width by using
a trailing edge of a clock, the resolution double the former
30 resolution by using the delay elements 108gl and 108g2 that
delay a pulse by 1/4 cycles of a clock. Therefore, this
configuration can provide a resolution having a fourfold

precision, thereby enablinga control of pulse width with higher
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obtained from said power supply voltage information fromsaid power supply
vol tage detecting neans and said dividing ratio information fromsaid
frequency setting nmeans as data including deci mal neans corresponding to
one cycl-e or less of a clock, 10 and said pulse wi dth adjusting neans is
configured to include: a pulse w dth shapi ng neans whi ch shapes the pul se
wi dth of said distribution pulse outputted fromsaid frequency 15 divi ding
means | M¥FEa@ue corresponding to an integer part of said pulse width

information a ; 'r\%@&' I i a ich t ; from
said pulse w d’[tlth&s aplo%%r?gg sltgié tagéggeggfﬁghgdaéeg%%h@?%l%w

0. 5- ¢l ookstoyred ieorde] ayhregdetdagswehicthl gevbesihe vat pes depmdiaigl ypdrse wi dt h
shapi ng ans at_the trailing edge .of a clock; d _a_sw tching neans which,
to the ﬁ%?@?gereqte%%toroqu p?"gipo]éf 95395 aﬁgF(ﬁFﬁSF?'oHPfng@‘t he out put
f romgsai e gull i ctbcuh b b bﬁ\@btagna@mnwm@mF@%%d@roxlpbhter@pa;el_\,of sai d
A-bit pulse width information is at |low |level and said dividing ratio is D,
out put s YHEAAR PIRT ¥9Dm $8iLd e(’.’f.aBlPéIG(acEhéyéileéaé[elcay“ilﬁgmﬁt‘a%r%gﬁ Keow- or der

1-bit val HOf «$aicd AvRi L.pul.sesw dt h into i Qn. J I l.evel . and said
di vi di ng (rg]t i'o fogsD% ?,'%30 oEf %uf s'at %féi @ggksﬁﬁ%%fn?%]éy gg\t,ﬁ B’ﬁa}r%ferogm sai d
0. 5- cl ocki-ley Cle 2t ,aying ‘fyearts. 710 t'He @yt put from said pul se wdth

dj usti | -bi t, val f sai,d A-bit i dth
"t ormt fon | s O gk ANk b Rl AY e e ST oA RS s
out pot s ¥ hagicxH isWNief t&bEn OgteUt Hdwteai dhonTHd eTkck¥ilernudelayi ng

means and the output from said 1-cl ock-cycle del ayi ng neans when | ow order
1-bit vAhFEIFS,s&hG Achpy pupdetuiees PO Fhagonn $yRChEiogh 2edi@n and sai d

di vi di ng, gt h:‘?liis.s claa'hgje'. 5A§goréigagg, CEBQ"?&EBQEPgréi‘E?QsQS? gEeWhi ch
generates a driving pul se obtalne dividing a clock of a predeterm ned
f r equenaedgui racc endante withle delapqiemmntdiei Wsed wiath e Timedspoadi ng to a
dif]geregc}'ee bet ween an _el ectric, ano né in allo ce(;?d cat hode tchtge V\kgcﬁ is a
| oad of & LG e AcP P’éﬁg%yr@? elay elements are provided an

15 switched over between them depending upon the clock frequency.
Although there are the above-mentioned restrictions in
the method using the delay element, it assuredly enhances the
resolution. Therefore, this method is effective for the case
where a sufficient effect cannot be obtained by using the
20 trailing edge of the clock.
The method using the trailing edge of a clock can provide
a uniform resolution even if conditions are changed, since the
delay amount does not change depending upon a temperature or
power supply voltage in this method.
25 Although Fig. 28 shows an example obtained by combining
a process by a trailing edge of a clock with a delay element,
a configurationusingonly a delay element, not using a trailing
edge of a clock can provide an effect, since the process by the
trailing edge of a clock has the same function as the delay
30 element.
Each element such as the averaging means 102a, error
voltage calculating means 103, frequency setting means 104,

frequency dividing means 105, pulse width calculating means 107
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and a reference electric anmount, and then outputs the generated pulse to
sai d piezoelectric transfornmer, conprising: a frequency setting nmeans which
obtains dividing ratio information as to said driving pulse fromthe

i nformati on of 15 said difference; a frequency dividing neans which
produces a distribution pulse having a dividing ratio of D+ 1at L tires
(L < K durlng K cycles of said driving pulse with respect to the reference

di vi di nga‘?‘%PP SB; Wlﬂ)t}haﬁéﬁé?:1§9r5‘fﬂ%ﬂsvé8§§g3é’ Be esddiavg ﬁsh%ﬁ“'&#”%left ects a
pover suppl g Mok 4 AP OTh ANy THYH 5 d 8Pkl S8y 4 djth ESHGH AL 81 B3NS, whi ch

outputs the pulse width information obtained fromsalid power supply voltage
|nfonnﬂhaﬁﬂWarﬁnanﬂ(ﬁQﬁﬁ%ﬁrgupply vol t age detecting neans and 25 said

di vi di ng ratioénl(go({rmaetlorﬂsfrom said frequency setting neans as data

i ncl udi ng deci%a means correspondlng to one cycle or less of a clock; a

pul sé wi dt h stapgwgyuearisy wWhiipdh isteapes thedqid s tWaid tafbesaird wirsg ri buti on
pul se outputted fro sai d frquﬁgﬁ%#30 d|V|d|ng:neans into a val ue
corresp Jrﬁgetalf%ﬁf Medsr afe inefy HALERG i SH G vt 168 a

1-cl ock- éﬂ@dcﬁm@{@almmaﬂwwscmaé@@% fak}@ QEEQthzé% $ASHR se width
shapi ng neans at the Ieadln% edge of cl ock
a pulse width having high resolutlon However, they cannot be

utilized as they are in case where the dividing ratio utilizes

10 a trailing edge of a clock to enhance the resolution of the
driving frequency as disclosed in Japanese Unexamined Patent
Publication No. 2000-139081 (Document 4). Accordingly, the
present embodiment provides a technique capable of effectively
enhancing the resolution in a pulse width of a driving pulse

15 even in case where the dividing ratio utilizes a trailing edge
of a clock.

Fig. 30 is a block diagram showing a configuration of a
pulse width adjusting means of a cold cathode tube driving
device in the embodiment 5 of the invention. The configurations

20 other than the pulse width adjusting means are the same as those
shown in Fig. 21.

In Fig. 30, numeral 108bl denotes a DFF that latches an
initial pulse pzplsa outputted from a DFF 108b at a leading edge
of a clock and then outputs the same, numerals 108d4 and 108d5

25 are OR gates, numeral 108e4 denotes a selector that outputs an
output signal of the OR gate 108d4 when Vduty[0] is 1, while
outputs the initial pulse pzplsa when it is 0, numeral 108d5
denotes a selector that outputs an output signal of the OR gate
108d5 when Vduty [0] is 1, while outputs an extended pulse pzplsb

30 when it is 0, and numeral 108e6 denotes a selector that outputs
an output signal of the selector 108e5 when a signal
(hereinafter referred to as bunadd that will be explained in

detail later) sent from the frequency dividing means 105 is 1,
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a 0. 5-clock-cycle delaying nmeans which | atches the output from said pul se
w dth shaping neans at the trailing edge of a clock; and 5 a switching
means which, to the driving el enent of the piezoelectric transfornmer,
outputs the output fromsaid pul se width shapi ng neans when | ow order 1-bit
value of said A-bit pulse width information is at |low | evel and said
dividing ratio is D, outputs the output fromsaid 0.5-clock-cycle delaying
10 means¥ivhé® P@lPWEsean oWinut fighadf ofaitdeasbilecsoirsd0fedt whenf 8k mat i on
is at loyglgvel and said dividing ratio is D+ 1, outputs a |ogical sum of
the output fromsaid 0.5-clock-cycle delaying neans and the output from
sai d pul se w diporadexsta gl mearise whser d Divoraert HidHiémvadiresrof, sai d A-bit

pul se width 15 informatiaon is.at _hi evel. and said dividi atio is D,
and out pr&?gh%gl%%‘rl C: @wn& %Pﬁer%gfh)ﬁlflf’?ow saaip(fo(f%-sclchWHg?EI EN%el ayi ng
nmeans antlr&fee e pdi vidong sad th ol udiagkeedy @l @ rdghanignedgeass dherodrw or der
1-bit value of said A-bit pulse width information is at high [evel and said

di vi di ng"}htiBriefiy+ba esplamedy cpirceathobe HRRIERIVI ng devi ce which
generat es a dfﬂ"ifcg.“gado%%%_soﬁt@érgﬁﬁ Qﬁ‘a@ie!h%f‘gl g %ltgfn.kaE EnRigdehgr m ned
frequency in accordance with a re%]uency di vi |n5 rati o corresponding to a
di f f er enz ef spuerary e selledtioncodnauitiving 28 seoly catthgde txdelivgch is a

| oad of a,piezoelectric.transfornmer. and a refe ce electric anpunt and
out puts T § n%fzfg&lf %Jusf% O?_eoég&iq’ep%@f%‘ﬁ@?,;f{ ﬁgapfaaﬁg!eolﬁmee}f?m% rising:
a fnequentyestet BB dCRaish WY .c 2 oolot-aizn sdiyvi didgekali PobAf @ERBEEON AS tO
the driving pulse fromthe information of said 30 difference; a frequency

di vi di ngheEndwhith essguEbstalapat pi kit ortguNs® ivhdeka amangutke f or

O e ey dageatl s st p g o
power supgEns Viddiagndfowiputrput ;the times applied at Fnext [N-1:0]
during cycle of nth root of 2 of a driving pulse. The timing
15 that the distributing means 105d outputs 1 is determined by a
separately established distribution technique, that is not
especially explained since it is out of the purpose of the
invention.
Numeral 105b denotes an adder that adds Fnext[M-1:N] to
20 the output signal from the distributing means 105d and outputs
the resultant. Since the output from the distributing means
105d is either 1 or 0, all outputs from the adder 105b are only
Fnext[M - 1:N] or Fnext{M - 1:N] + 1. Numeral 105c denotes a
frequency dividing means that divides a clock only by a value
25 shown by the output signal from the adder 105b. These
components 104a, 105b and 105c¢ constitute the frequency
dividing means 105.
Numeral 108a is the pulse width adjusting means (pulse
width decoding means) explained in the embodiments shown in Figs.
30 25 and 28. Although the pulse width adjusting means 108a is
included in the frequency dividing means 105c in the Document
4, it is separated from the frequency dividing means for the

sake of the convenience. Numeral 108h denotes a reverse-edge
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a pulse width cal cul ati ng neans whi ch cal cul ates pulse width information of
said distribution pul se based upon the 5 power supply vol tage information
and said dividing ratio information; a pulse width distributing nmeans which
i nputs the pulse width information fromsaid pul se width cal cul ati ng neans,
increases said pulse width information at a predetermned 10 tim ng and
outputs said increased infornmation; and a pul se wi dth adjusting neans which

adj ust s RFRCHTF LRI Medts bhadal At efnes rql'tiuf’iléﬁuﬁlﬁ%%n%l%cf(ﬁ% k§etBuiH@ out put
from sai gl e %@laqald{c_r maSls’ wela'ang trﬁ%a%aa@@nauwgésof Q%eaéuaakegnaul se

width to a drivin enment of the piezoelectriic 15 transformer. A cold
cat hode Qlﬂwml‘ifh%gr@}‘é\wlt@nhcc@flmhwqm td‘lealDﬂCZlmenme‘}r giaf exs d:l“pul se width

cal cul at, fi sai ulse wi dt h i pnf ormati on
col bt TR R G SEM LIMERGL S ARy OLL Bl EnB S INEd Bl ChER TR

di vi 8 ngarettihe isaier. maThens ot of et oaif izairh firegwenele df v it Hig-o@gas, and
said pul se width dlstrlbu%Hgg means i s configured to outﬁgt dat a obt ai ned

by addi RFACTT e B or ieathe spme2ssqapatopishing RERi 1086 & width

i nfor matgof, du i NG anoalnsef7 dedlbtidhe adissli kiRl Q'?)aﬁmo% tptlﬁz% tHHTes
represented by the | oworder n-bit of said A-bit pulse width information.

29. A cotukrt kdgaadubeorring ngvessrcedani I@fp@%‘#élzm w3 208hiwhery pul se
obt ai ned. }pé'vddl‘ﬂéjéﬁgl i n'd‘l%LE (ﬂ)u%lplr egeL g mlﬁgg {ge rﬁ%’i’lén lé)trgance

with a frequency {70 cor es ondi n dif erence ween an
el edOri cramutput Bignadl ﬂromtﬂm@l@alﬁm miaiteh shSpanlgOﬂdaﬁfs nOPhezioed ectric
transfornmer, ' 109 and a reference elecgrlc anount and outputs the

gener at éd P&l e t DNE PRI b HINGTh Hire™ EhSsFBLREECT| HEP R4 hgcomes a

driving pulse pzdrv. In this configuration, the output signal
from the distributing means 105d is the distribution signal
bunadd in the embodiment shown in Fig. 30.
15 Fig. 51 shows a timing waveform chart briefly showing the
operation for enhancing the resolution in the dividing ratio
by the clock reverse-edge processing shown in the Document 4.
Fig. 51 shows a state where the frequency data Fnext[M - 1:N]
(shown in (B)) outputted from the frequency setting means 104
20 is added to the output value (shown in (C)) from the distributing
means 105d in which the added value becomes the frequency
dividing ratio (shown in (D)), and a pulse is outputted from
the frequency dividing means 105c (shown in (D)).
The frequency of the driving pulse adjusted to have a
25 suitable pulse width by the pulse width shaping means 108a has
a resolution every one cycle of a clock such as 10 cycles, 11
cycles, 10 cycles, 11 cycles, ... shown in (F).
The driving pulse is delayed by 0.5 cycles by the
reverse-edge processing means 108h and the selector 108e7 at
30 the time when the distribution signal bunadd that is the output
from the distributing means 105d is 1, whereby this driving
pulse is converted into a driving pulse having a resolution of

every 0.5 cycles shown in (H). The point of this technique is
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a frequency setting neans for obtaining dividing ratio information as to
said driving pulse fromthe information of 5 said difference; a frequency
di vi di ng means whi ch produces a d~ stribution pulse having a dividing ratio
of D+ 1L for L tinmes (L < K) during K cycles of said driving pulse with
respect to the reference dividing ratio D, 10 a power supply voltage

detectin%@geans whi ch detects a power supply voltage of an input; a pulse
wi dt h catkat atemby neande by oo othpuisivingl pulse by 16 igokemtion as A-bit

dat a bas ol I VAR i nformati d .t he dividing
ratioi nf r%‘yﬁ%(};\f%% a@ﬁ\éﬁlt@t@?& S%Ji%’%ﬁggtulenr%ﬁneaﬁnvsl &%%a]ryeha‘?%;td%nd a pul se
wi dt h disttrpbuticog teadd swhiibhtdngmeanslatadahd ai, nadi dyraddngpdlse the

hi gh-order (A-n) -bit data of sgid A-bit pulse wdth informtjon during nth
root of PTHPS KOS &Pﬁ&napaF%ElpﬂepFEﬁ%sh?%b?%s%n¥%ﬁP¥@t%%% Pow or der
n-big 2Q of-Satxk Asddds pul se width information. 30. A cold cathode tube
driving device according to any of clains 27 to 29, wherein said pul se

wi dt h di stri bYREe ¥ £XEFiinpg dé tao MR hids tfo b grambal ndinst rtitug i on
pul se s t ' AN of j d di i bution
pul se bg%&rﬁe@aiup%pgxtﬁyn&%e% ?/&éctg]ns aftnot},e ég]g!la}etf‘r ggbtglnecf%agvﬁ Jﬁr?gct}{rreans IS
confi gurebsdlatiimol udeing & rnegudnayy ddgediofy aredres: whihatwrdiied degse a ¢l ock

by i oh AT TR, SRR o M- bi ¢ divi di ng rati 0 i nfor mation in
ordep to make prhgGlddyat atist0hredigk BHUbGE M #0811 hepdi sEridHldon pul se
approxi mately constant; and 110 a dividing ratio distributing nmeans which
out put s i c’iGh AR T ROvtL 97 w2dsh el all rid byi Dt el pailbyel t hevalRss _
P esed Blothlonaren Bl be s B M Bl ot g oty o
width W and pulse width W + 1 (this pulse is outputted from the
pulse width shaping means 108a and shown in Fig. 31(B)), and
15 pulses obtained by delaying these two pulses respectively by
0.5 cycles (shown in (D) and (E)).
When the Vduty[0] shown in Fig. 30 is 1, the pulse having
the pulse width extended by 0.5 cycles is selected. In other
words, the pulse shown in (C) or (E) is selected. When the
20 Vvduty[0] is 0, the pulse shown in (B) or (D) is contrarily
selected. This logic is as stated in the embodiment shown in
Fig. 25.
When the distribution signal bunadd that is the output
fromthe distributing means 105d is 1, the driving pulse delayed
25 by 0.5 cycles is selected. In other words, the pulse shown in
(D) or (E) is selected. When the bunadd signal is 0, the pulse
shown in (B) or (C) is contrarily selected. The above-mentioned
logic is arranged as follows.
(1) When Vduty = 0 and bunadd = 0, the output from the
30 pulse width shaping means 108a is outputted as it is (see Fig.
31(B)).
(2) When Vduty = 0 and bunadd = 1, the output from the
pulse width shaping means 108a is outputted by delaying by 0.5
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said pulse wdth distributing neans is configured to add 1 to the

hi gh-order (A-n)-bit data of said A-bit pulse width infornmation when the
output fromsaid dividing ratio distributing neans is 1. 10 31. A cold

cat hode .tube driving device according to any of clainms 27 to 29, wherein
said pul se wdth di stributing means i s configured such that, in order to
add 1 to the high-order [; -bit data of said 15 A-bit pulse width

i nf or matG¥si &fhe %%@%tpﬂt( Jomthe dividing ratio distribution data is 1,

t he out put on ¢ [ 2-1) t \ ribution
pul se becones (jl1 &leflzvaut 1&5‘80‘ 131_15’3(4& %’ Pﬁhg &B&Eﬁ %h&ﬂg) % from
t he | owyorlcsr wmdlbhtsmapmq @Rans(AQ4a is outpu@éa Hy exmemglinfebiytbis dat a

outputted Ofr dfr cy setting nmeans, and is configured to
i ncl ude:© §§np§5r (;q%ﬁr}c‘h conpares the | ow-order n-bit data of the

di vi gi ng ratl q 49i wwelnbuauw dataaMbit Buhled| oVt orides Judphit d@tei afhd he pul se
wi dth information on the condition which the addi ng val ue of the pul se

wi dt h oRPUl§e yipdhishimping means,168a gs Qetpmyt@ﬂ Ry ers et isg lay;ﬂﬂ%e width
distrib i S -X) Px when
| ow or dgﬁ)c%%bslst%%dgtggga?r%;ggy sa%y]l%}Bydét ?Lgfﬁg &r equerl% éd?ln | )ng ratio

is greater thahel puleederddihbiadjdstangf meaind Ahbiwn pnl Fagwi Gtoh usnf ormati on,
whil e sati sf.i es o= -1-xRn-1- Px.+ .. ( -1-xRn-1-x) Px when the 30
| ow or d&PAHHNE S &rt?g]?g]l&?il& Mgé?cagf"&amyt %h?r éabgﬁéi BPi?Si ng ratio
is soal poliolts'&alibdt%\ﬁt‘t(ﬂedierfr@mbltlhed@w QfOB%alc@r'ﬁelébbnl@ilé' $@ Wnd huifeor mat i on,
wher ei n Rx are O or 1 and P,;,  and Rx respectively

represeﬁ@oﬂvﬁeanWE‘Bsﬁ)]n%B of thielextprdedpyhge F@(ZPJascfqusttp‘«s*efeﬁQ:rﬁrrP@ means
for seatpll 68 bl hodha! o PAL oo odE Ufiehelb 0l de Andihe: fll ¢ 4l rsg](c%tlo

distribution data is andt oW or der atao sal se 'wi dt h
i nfor mattherdé':leiwecﬁ)puéssqmyﬂdstseatphtngdrfawxstlﬁerDE‘sEéh@&d:ncra:graaslmdndnhere sai d

| ow- order p:bit e dividi di stributjan data Oand

| ow or &P HEB: B f5e S it B -6 LBt FRAF R AT 20 <SSR tohi ng
means WhugReoptkpuke bliephieselit £ FoRMt SOk fgdtsd 1@@@&@0&&@%@@%@ t he

| ow-order n-bit of the dividing ratio distribution data is greater than

sai d | okhsr BEASA- BhevwHaiB Bigt hdl Pl se Thadtse iestonpatio®ed ¥ osdilde®onpari ng

means, Q@%l?or performing a change-over and output on the above-

mentioned logic.
By this configuration, the driving pulse shown in Fig.
20 31 (H) can be obtained, to thereby be capable of achieving both
an enhancement in a pulse width resolution by utilizing a
trailing edge of a clock and an enhancement in a frequency
resolution of a driving pulse.
As explained above, even in case where the frequency
25 dividing ratio of the driving pulse has already aimed to enhance
the precision by using the trailing edge of a clock, the cold
cathode tube driving device of this embodiment can finely adjust
the pulse width of the driving pulse by effectively using the
trailing edge of a clock without hindering the effect of this
30 case, to thereby obtaining an optimum pulse width in accordance
with a power supply voltage. This configuration can bring a
highlyefficient driving (reduced power consumption). Further,

this technique is not deviated from a designing rule of a digital
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outputs the result fromsaid second searching neans when 15 smaller; a
count er neans which counts a period corresponding to a cycle of nth root of
2 of said driving pulse; and an inverting neans which inverts a

predet er-mi ned bit of said counter neans according to the output fromsaid
swi tching 20 neans, whereby said value Sx is obtained. 32. A cold cathode
tube driving device according to any of clains 27 to 29, wherein 25 said
pul se wilfth ASEAuthEged&nBO; 8PeBRR L RFRRLINQIFEWREING PROAFITD add 1
to the high-Rrdele 68 B) it ﬁg;eare%fé}' dp@ Bl iRl 58 VAL, JdOrgmt i on
when the output fromsaid dividing ratio dIStrIBUtIOH ata 1s 1, the out put
on the (caPR be pravided as « gheay dijgittalcydIls of the distribution pul se
beconmes (PQn_ +. Powpl, n-2 + ~~~+ Po'pl ~~~ Pn-2"Pn-1"Q ) from
t he | ow order %rﬁ%otdl?aet%éc (6@ + Q21 + ... + @-12"-1) anong the Mbit data

outpatted from saild fdaediseiRe ) ubet driy imgansviaed aics ogeihiggticedrt o i ncl ude:
a conparingcreans %$ich ﬁonpares the loworder n-bit data 112 of said
t

di vi di nGTRRIFD St PFuEiNEn 1BEEREMPENVERL PEVETR HRENSA HPe Ll 4t a B he pul se

wi dth i RégMRident %otdl@ecooradistﬁis%nt Rapathe 2ddifngryalienpladdigPy se wdth
on the (P2 + P121 + ... + P--12"-~) th'cycle of said pulse wdth
di st ri busseg Urdais 1% Parlissf iwdsitdx contpplyj t Bheea@destmendnin Phéseaxi mum

val ue of . - tigfyi. - X~ sl F = Px .with respect to
t he ot hgrlsr&t\bn)eérfs%o%w&g% %uf)lljste &gsge;s%ﬁglﬁa' gqﬁgéfnteddgtl\gho t he frequency
di vidi ngeasatlive iich getataer siadl laewpoisdable-.bi Modat prefetbigl f; bat pul se

width information, while Sx = -PX with respect 10 to only the maxi nrum val ue
of n-1- %eSHt ﬁ@SQIlEPS?Q' l_ji-fvpe: OI‘eaHéIt?;XWt—L_lng’xtl'\‘/ﬁ A9 ISRt 3 he
ot hers ‘Mé%'eﬁf@r%@ér\’iﬁraﬁﬂinﬂmgﬂntofd@lP-@@'Eaﬁssc?ﬂ 95%14@5 sdgb By %foltt*&%e‘;ir equency

dividing ratio is smaller than | oworder n-bit ta of said A-bit” pul se

Wi dt h | AfSoa haeadn, exphlerigiad PX, tigx sabd Rt sakekbngrspecinfiic BXam@dlesnd 15 Rx
respectiyel¥ iR §588Lo1 N8 LAV ERSEONS O P2y e Riin 5 v to 10
15 V of the power supply voltage requires a resolution of 50 in
this range. If the duty is intended to be changed by 20 to 30 %
in this range, the duty has to be changed in 0.2-% steps.
If the sensitivity to the efficiency to the duty value
is less so as to be neglected, a small resolution is naturally
20 all right. The resolution in the embodiment shown in Fig. 25
is in 0.5-% steps of duty (resolution in the case of producing
a driving pulse by 100-dividing), while the resolution of the
configuration utilizing a delay element shown in Fig. 28 is in
0.25-% steps. There may be a case that such resolution is
25 insufficient. The resolution enhances when the delay amount
of the delay element is set not to 1/4 cycles but to less cycle
in Fig. 28, but there is a limit considering the non-uniform
delay amount due to a temperature characteristic or power supply
voltage.
30 In view of this, the present embodiment provides a method
that adopts a frequency distribution method disclosed in the
Document 1 (Japanese Unexamined Patent Publication No.

2000-133485) for enhancing a resolution by increasing a dummy
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a first searching nmeans for searching a bit where said | oworder n-bit of
the dividing ratio distribution data is 1 and the | oworder n-bit data of
said pulse width information is 0; 20 a second searchi ng neans for
searching a bit where said |loworder n-bit of the dividing ratio
distribution data is O and the |loworder n-bit data of said pulse width

I nformation uts the result fromsaid

s, 1;: a_swtching nmeans which out
firot o5t eRal hitn A b ER Sa Yy PoRteiner RO Cuby 136 Ps SO at i o
distribuin gngdaga. | It0f ealcehe hRRSEh &L | @Wnekdere Frlighethalad OFi d ey pul se
width information in said conparing neans, while outputs the result from

sai d sectet et chidid Videh uMsen ismalrerdy3diat rhbubededh chi dg Hedhs for
hi t S &£ i ' t I & tted f
sear chi ng, & e Msty i B0 | AP £ i @ammci@ S Gl d S"?i%ﬂ‘%’fofu SaTEom

sai d swi t'ching neans; a counter neans counts a respondi ng
to 193 distyidhet big nthe raoty ofaiof tyaittheiréby mptpuilssgiram an i nverting

means which-inverts a..pr.edeternjned bit of i.d count.er ans according to
t he out psulfpﬁlré(;ln?é%ie lf%lreglcsye'a% Fn%oh%tén%f,sc %8?58919%1 Qﬂl%éa& SX is
obt ai netkved3 inAc£od dhheahs de elquee dr 4V D@1 Ag\Hate A6 EQ dirgihg pnyso®f cl ai ns
19 to 32, further in front of sald frequency setting neans, a

i ncl udi ng:
current 4D HTRIY Irfbl%l;%llr@gtf‘?ﬂ' Fet TR GNP IQT e RS iHdbugh sai d
cold catdwde-tiuhely incorporated therein.

10 The method of the embodiment will be explained below. Fig.
33 is a block diagram showing a configuration of a cold cathode
tube driving device according to an embodiment 6 of the
invention.

In Fig. 33, numeral 109 denotes a pulse width

15 distributing/calculating means that inputs vduty[n - 1:0] that
is low-order n-bit of the Vduty outputted from the pulse width
calculating means 107 and Fnext[n - 1:0] that is low-order n-bit
of the Fnext outputted from the frequency setting means 104 and
outputs 1 the times applied by Vduty(n - 1:0] at nth root of

20 2 of a driving pulse.

For example, incasen=4 andVduty[n-1:0] =1, it outputs
1 only once during 16 cycles of a driving pulse. In this case,
there are 16 positions to which 1 is outputted (in case where
1 is outputted at the first cycle to in case where 1 is outputted

25 at 16th cycle). The output position is an important point of
the present invention, so that it will be explained in detail
below. The value of n is a distribution number of a driving
pulse.

Numeral 110 denotes an adder that adds the value of

30 Vduty[A - 1l:n] of the A~bit output Vduty outputted from the pulse
width calculating means 107 to the output value from the pulse
width distributing/calculating means 109 and outputs the added

value to the pulse width adjusting means 108. The output value
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a rectifying nmeans which converts a sinusoidal voltage obtained from said
current detecting neans into an approxi mately DC voltage; 15 an A/D
converter which converts said rectified voltage signal into a digital
signal; a snoothing process nmeans for snoothing the output data from said
A D converter and an error voltage caIcuIatlng means which nultiplies 20
differe e, ext ernal | ied reference dat,a and the

out put %?n %‘g hi)(gtjn? r%”{ﬁ%c g‘gg}ﬁe‘aﬁfsa by &€ G e outputs the
resul t armwrﬁmauﬁg;eawmyaamé MeEnBERNS aad t81d 8Hd8ata.0 @dnSdithcéi qui d
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pi ezoel ectric” transtormer i sal de tu e driving vice IS
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1.
The specific configuration of the pulse width
distributing/calculating means 109 that is the point of the
25 invention is shown in Fig. 34. Fig. 34 shows a block diagram
in case where n is 4. In Fig. 34, numeral 109%9a denotes a
comparing means that compares low-order n-bit data (referred
to as Fnext([3:0] since n = 4) of the data Fnext outputted from
the frequency setting means 104 with low-order n-bit data
30 (referred to as Vduty[3:0] since n = 4) of the data Vduty
outputted from the pulse width calculatingmeans 107 and outputs
1 when Fnext [3:0] 2 Vduty[3:0]. Numerals 109bl to 109b8 denote

AND gates each having a negative logic input. Numeral 109c
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waveform of a dr1v1ng pulse for explalnlng the p01nt of the
invention.

Fig. 35(B) shows an example of the driving pulse having
a distributed frequency dividing ratio. The frequency
dividing ratio of the first driving cycle is 10, the frequency
dividing ratio of the second driving cycle is 11, the frequency
dividing ratio of the third driving cycle is 10, the frequency
dividing ratio of the fourth driving cycle is 11, and the
frequency dividing ratio of the fifth driving cycle is 10. The
average frequency dividing ratio of 5 cycles of the driving
pulse is 10.4. Further, the pulse width in the waveform (B)
is not distributed but fixed to 4 cycles. In this case, the
duty value of 4/10 and 4/11 are present in each driving cycle.
Fig. 35(C) and Fig. 35(D) show examples of the case where the
pulse width in only 2 cycles is extended by 1 cycle during 5
cycles of the driving pulse.

The example of (C) illustrates the case where the pulse
width is extended by 1 cycle at the first and thirddrivingcycles.
In this case, there are duty values of 4/10, 5/10 and 4/11,
apparently not showing a uniform duty compared to the case of
(B) .

The example of (D) illustrates the case where the pulse
width is extended by 1 cycle at the second and fourth cycles.
In this case, the duty values are 5/11 and 4/10, showing a uniform
duty compared to the case of (C).

In case where the pulse width is distributed to obtain

a resolution at the average pulse width, the pulse width may
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is selected among the cycles in which the frequency dividing
ratio is made greater by 1 cycle when the pulse width is
distributed.
In case where the frequency dividing ratio of the driving
15 pulse is distributed based upon the formula 1, the pulse width
may not simply be distributed based upon the same formula, but
some idea is required. This is the second point of the present
invention.
Fig. 36 shows an example of the case where the pulse width
20 1is distributed by the same system (system of the formula 1),
whereinn =3 (i.e., distributing during 8 cycles of the driving
pulse), Fnext[n - 1:0] = 3 (i.e., the frequency dividing ratio
is made great by 1 cycle at 3 cycles among 8 cycles of the driving
pulse), and Vduty(n - 1:0] =4 (i.e., the pulse width is extended
25 by 1 cycle at 4 cycles among 8 cycles of the driving pulse).
In Fig. 36, (A) to (C) show output waveforms of the
counters (not shown) counting the cycle of the driving pulse,
wherein (A) corresponds to P, in the formula 1, (B) corresponds
to P, and (C) corresponds to P,. (D) to (F) in Fig. 36 show each
30 coefficient of Q, in the formula 1.
Fig. 36(G) shows the output (solution obtained from the
formula 1) from the distributing means 105d. In case where

Fnext(n - 1:0] = 3 (that is 011 in binary notation so that Q,
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Ty~\ 202! ¥#100R&'F( )1--410v#1L D6eY8d (Qo- 2L0) 109 (hid Wiy 19gerd OQE both
distribution logics are the same, the cycle wherein the pulse
width is extended by 1 cycle by the distribution of the pulse
width is not always selected priorly from the cycles where the
frequency dividing ratio is made great by 1 cycle.

10 The present invention avoids this problem by the
following technique. This technique is firstly explained in
the case where Fnext[n - 1:0] 2 Vduty([n - 1:0]. Considering
the case where n =4, Fnext[3:0] =11 (1011 in binary notation)
and Vduty[3:0] = 5 (0101 in binary notation). Figs. 37(A) to

15 37(D) show waveforms of the counters counting the cycle of the
driving pulse like those shown in Figs. 36(A) to 36(C). The
cycles where the frequency dividing ratio is made greater by
1 cycle are shown by @ marks in (E) to (H), when Fnext[3:0]
=11. Since the value of Vduty([3:0] is5 (0101), the pulse width

20 is extended by 1 cycle at the positions marked by A in Figs.
37(E) to 37(F) when the distribution is the same as the
distribution of the frequencydividing ratio. On the other hand,
if the value of P; is inverted as shown in Figs. 37(I) to 37(L}),
the pulse width is extended by 1 cycle at the positions marked

25 by A in Figs. 37(I) to 37(L), that match to the distribution
positions of the frequency dividing ratio (the positions where
the frequency dividing ratio is made greater by 1 cycle is
referred to as the distribution position below). This is
apparent since the distribution is always executed at P, = 0

30 of the waveform shown in Fig. 37(A) in case where Vduty[3:0]
is 7 or below. 1In this case, Pymay be inverted. On the other
hand, the value of P, is inverted when Fnext[3:0) = 14 (1110)
and vduty([3:0] = 10 (1010), for example. Specifically, since
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N () pik0-i Eompak@lFTth each other, i.e., Fnext[2:0] (= 110) is

5 compared with Vduty[2:0] (= 010). 1In this case, the

distribution is executed at P, = 0 of the waveform shown in Fig.
37(B) like the above-mentioned case. Further, the
distribution position at Fnext([2:0] includes the position at
P, = 1 since Fnext[2] = 1, whereby the distribution position
10 of the pulse width is certainly selected from the distribution
position of the dividing ratio by inverting the value of P, in
the distribution at Vduty([2:0].
As described above, in case where Fnext[n - 1:0) 2Vduty[n
- 1:0], Fnext[(n - 1:0] is compared with Vduty[n - 1:0] for
15 searching Xmax that is the maximum value of x satisfying
Fnext[x] = 1, and the values at (n - 1-Xmax)th bit of the
distribution cycle counters (corresponding to those shown in
Figs. 37(A) to 37(D)) are inverted to be applied to the formula
1, resulting in that the distribution positions of the pulse
20 width are certainly selected from the distribution positions
of the frequency dividing ratio. Although only the signals at
(n - 1-Xmax) th bit of the counters may be inverted, all the bits
of the counters corresponding to all x satisfying Fnext([x] =
1 may be inverted. This is because inverting the signals at
25 (n - 1-Xmax)th bit includes all the distribution positions
corresponding to the signals at the following bits. Further,
the circuit is simply configured by inverting each bit of the
counters corresponding to all x. This is because the circuit
for searching the maximum value of x is unnecessary. Therefore,
30 the circuit shown in Fig. 34 is configured to invert bits
corresponding to all x.
The following formula is obtained in case where the values

at (n - l1-Xmax)th bit of the distribution counters
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value of n-1-X satisfying Q,,«x* R,.;x =1 and S, = P, with respect
to the others when low-order n-bit data among the M-bit data
of the frequency dividing ratio is greater than low~order n-bit

10 data of the A-bit pulse width information, while S, = P, with
respect to only the maximum value of n-1-X satisfying Q,.;.x®* R
= 1 and S, = P, with respect to the others when the low-order
n-bit data among the M-bit data of the frequency dividing ratio
is smaller than low-order n-bit data of the A-bit Vduty) from

15 the low-order n-bit data (R,e2° + R;e2' + ... + R,_,#2"" (wherein
R, is a numeric value of 0 or 1) of the A-bit output Vduty.

The explanation so far is made concerning the case where
Fnext[n - 1:0] 2 Vduty[n - 1:0). The way this system operates
in the circuit shown in Fig. 35 will firstly be explained before

20 explaining the system when Fnext([n - 1:0] < Vduty([n - 1:0].

The comparing means 109a compares Fnext[n - 1:0] with
vduty[n - 1:0] and outputs 1 when Fnext[n - 1:0] 2 Vduty([n -
1:0]. 1In this case, the output from the comparing means 109a
is 1 since Fnext[n - 1:0] 2 Vduty[n - 1:0]. Therefore, outputs

25 from AND gates 109bl, 109b3, 109b5 and 109b7 are selected at
the selectors 109d0 to 109d3. These AND gates outputs 1 when
Fnext{x] = 1 and Vduty([x] = 0, while outputs 0 when Fnest [x]
is not 1 and Vduty([x] is not 0. In other words, these AND gates
search x satisfying Fnext([x] = 1 and Vduty(x] = O.

30 The counter 109c is a driving cycle counter. Whether each
bit of this counter is inverted or not is performed by the
inverters 109e0 to 109e3 and selectors 109f0 to 109f3. If
Fnext[2] =1 and Vduty[2] = 0, the signal sell in Fig. 34 becomes
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the distribution position of the pulse width is certainly

selected from the distribution position of the frequency

dividing ratio.

10 Subsequently explained is the case where Fnext[n - 1:0]
< Vduty[n - 1:0]. The logic in this case is contrary.
Specifically, the distribution position of the pulse width is
certainly selected from the distribution position of the
frequency dividing ratio when Fnext[n - 1:0] 2 vduty[n - 1:0]}.

15 On the other hand, the distribution position of the frequency
dividing ratio may certainly be selected from the distribution
position of the pulse width when Fnext[n - 1:0) < Vduty([n -1:0].
This can be achieved only by searching the value of x satisfying
Vduty[x] = 1 and Fnext([x] = 0 contrary to the above-mentioned

20 case where the value of x satisfying Vduty(x]} = 0 and Fnext [x]
=1 is searched. This operation can be realized by the AND gates
109b2, 109b4, 109b6 and 109b8 in the circuit shown in Fig. 34.

Fig. 38 is a block diagram simply showing the circuit of
Fig. 34. In Fig. 38, numeral 109b_1 denotes a first searching

25 means for searching x satisfying Fnext{x] = 1 and Vduty([x] =
0, 109b_2 denotes a second searching means for searching X
satisfying Fnext[x] = 0 and Vduty[x] = 1, and 109d denotes a
selector that performs a change-over between the search results
of the first searching means 109b_1 and the second searching

30 means 109b_ 2 from the result of the comparison from the
comparing means 108a. The selector 109d outputs the search
result from the first searching means 109b 1 when Fnext([x] 2

Vduty(x], while outputs the search result from the second
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5 109b8 in Fig. 34. The selector 109d corresponds to the
selectors 109d0 to 109d3 in Fig. 34. Numeral 109f in Fig. 38
denotes an inverting means for inverting a predetermined bit
of the counter means 109c from the search result outputted from
the selector 109d. Specifically, the inverting means inverts
10 the output from the counter means 109c with respect to the bit
satisfying the search condition of the first searching means
109b_1 or the second searching means 109> 2. This inverting
means 109f corresponds to the inverters 109e0 to 109e3 and
selectors 109f0 to 109f3 in Fig. 34. Numeral 109g denotes a
15 coefficient calculation means that outputs the final pulse
width distribution signal from the output of the inverting means
109f and corresponds to the AND gates 109gl1 to 109g3, 109h0 to
109h3 and 1009i.
Fig. 39 is a block diagram showing the case where Fnext [x]
20 is compared with Vduty[x] for searching the maximum value xmax
satisfying Vduty[x] = 0 and Fnext([x] = 1, and only the value
at (n~-1l-xmax)th bit of the counter means 109c is inverted. 1In
Fig. 39, numeral 109j denotes a third searching means that
outputs the maximum value xmax among the searched value x based
25 upon the search result outputted from the selector 109d. The
other configurations and operations are the same as those in
the block diagram shown in Fig. 38, so that the effect is also
the same.
As described above, the present embodiment provides a
30 system wherein a pulse width is distributed to obtain a
resolution of a pulse duty at an average pulse width among
driving pulses during a predetermined cycle. Therefore, the

pulse width resolution can remarkably be enhanced compared to
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to a power supply voltage, thereby improving a driving
efficiency of the piezoelectric transformer. This greatly

5 contributes to power reduction at a backlight means.
Further, the distribution form is approximately uniform
in this system, thereby obtaining an effect that the
disadvantage (e.g., brightness flicker) caused by
concentrating the distribution positions on a specificposition

10 can almost be neglected.

Although a synchronizationwith the systems shown in Figs.
25, 28 and 30 is not especially illustrated in the figure, this
system can be used together with the systems in the embodiments
4 and 5 for enhancing the resolution by using a trailing edge

15 of a clock, since the pulse width information (signal outputted
from the adder 110 in Fig. 33) obtained in the embodiment 6 and
having the distributed pulse width has a meaning same as the
output signal from the pulse width calculating means 107, for
example, shown in Fig. 21 in the embodiment 4.

20 Each element of the averaging means 102, error voltage
calculating means 103, frequency setting means 104, frequency
dividing means 105, pulse width calculating means 107, pulse
width adjusting means 108, pulse width
distributing/calculating means 109, pulse width distributing

25 means 111, comparing means 109a, first searching means 10%b 1,
second searching means 109b_2, third searching means 109b_3,
counter means 109c¢c, inverting means 109f and coefficient
calculation means 109g may be achieved by a hardware or software

or by a hybrid structure in combination with a hardware and

30 software.

INDUSTRIAL APPLICABILITY

As explained in detail, according to the first means to
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Therefore, the burst dimming can be realized in the digital

driving system using the frequency distribution of the driving
pulse. Consequently, the present invention can provide a cold
cathode tube driving device using a digital system that is

10 advantageous in reducing cost and saving space because of
one-chip formation with the other LSIs, to thereby bring a great
effect to a further miniaturization of a small-sized imaging
equipment.

Further, according to the second means to solve the

15 subjects, changing the distribution number in accordance with
the burst pulse width enables to lower the dimming level,
thereby being capable of enlarging the dimming range.

Moreover, according to the third means to solve the
subjects, the continuous driving is executed at the starting,

20 thereby being capable of shifting to the burst dimming without
deteriorating the lighting performance even in the burst
dimming. Further, changing the control cycle at the starting
and at the lighting, or changing the distribution number can
improve the brightness change at the lighting to a level almost

25 neglected, thereby giving an effect of remarkebly improving the
lighting quality.

Additionally, the fourth means to solve the subjects can
provide a pulse width resolution with a double precision by
using a trailing edge of a clock without deviating from a

30 designing technique of a digital LSI, whereby a driving pulse
having an optimum pulse width can be obtainedwithin a wide range
of a power supply voltage even in a digital driving system. This

leads to reduce power consumption due to an improvement in
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width of the driving pulse by effectively using the trailing
10 edge of a clock without hindering the effect of this case, to
thereby obtaining an optimum pulse width in accordance with a
power supply voltage. The other effects such as an effect of
reduced power consumption due to an improvement in efficiency
and an effect for preventing a break-down due to a surge can
15 be obtained similar to the fourth means.
Moreover, the sixth means to solve the subjects provides
a system wherein a pulse width is distributed to obtain a
resolution of a pulse duty at an average pulse width among
driving pulses during a predetermined cycle. Therefore, the
20 pulse width resolution can remarkably be enhanced compared to
the systems shown in Figs. 25, 28 and 30. Accordingly, this
system enables to perform a smooth duty control with respect
to a power supply voltage, thereby improving a driving
efficiency of the piezoelectric transformer. This greatly
25 contributes to power reduction at a backlight means. Further,
this system can be utilized in synchronization with the
above-mentioned fourth and fifth means, thereby not ruining a
conventional effect. Additionally, this system can be used
together with the fourth and fifth means. It is needless to
30 say that the combination of these systems effectively
contributes to further improvement in efficiency.
Additionally, a means to perform a driving control of a

backlight can digitally be realized in a liquid crystal display
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current amount into digital data;

a smoothing process means which smoothes output data from

10 said data converting means at a predetermined timing;

an error voltage calculating means which compares
smoothing data obtained from said smoothing process means with
reference data and outputs error data corresponding to its
difference;

15 a frequency setting means which sets a frequency of said
driving pulse on the basis of said error data;

a frequency dividing means which divides a clock of a
predetermined frequency and generates a driving pulse of an
average frequency corresponding to the frequency data outputted

20 from said frequency setting means in a distribution cycle which
is N cycle period of said driving pulse;

a controller which controls a control cycle so as to
perform the same driving for predetermined number of times A
(A 2 2) at said average frequency;

25 a burst pulse generating means which generates a pulse
having a duty width in accordance with a dimming level
externally applied thereto and having a frequency outputted
from said controller;

an output enabling means which turns on or off the output

30 of the driving pulse from said frequency dividing means in
accordance with the output value from said burst pulse
generating means; and

a power amplifying means which performs inversion with
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10 5 1, wherein
said smoothing process means is configured such that an
acquisition range of the data to be smoothed is variable in a
unit of multiple of said distribution cycle in accordance with
the pulse width of the burst pulse generated by said burst pulse

10 generating means.

3. A cold cathode tube driving device according to claim
1, wherein
said smoothing process means is configured to perform an

15 averaging process.

4. A cold cathode tube driving device according to claim
1, wherein
a controlling process means including said smoothing
20 process means, said error voltage calculating means, said
frequency setting means, said frequency dividing means, said
controller, said burst pulse generating means and said output

enabling means is configured by software.

25 5. A liquid crystal display device comprising:
a liquid crystal panel;
a cold cathode tube which is a backlight of said liquid
crystal panel; and
the cold cathode tube driving device according to claim
30 1, wherein
the piezoelectric transformer in said cold cathode tube

driving device is connected to said cold cathode tube.
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current amount into digital data;

a smoothing process means which smoothes output data from
said data converting means at a predetermined timing;

10 an error voltage calculating means which compares
smoothing data obtained from said smoothing process means with
reference data and outputs error data corresponding to its
difference;

a frequency setting means which sets a frequency of said

15 driving pulse on the basis of said error data;

a frequency dividing means which divides a clock of a
predetermined frequency and generates a driving pulse of an
average frequency corresponding to the frequency data outputted
from said frequency setting means in a distribution cycle which

20 is N cycle period of said driving pulse;

a controller which controls a control cycle so as to
perform the same driving for a predetermined number of times
Ax k (A22, kis avariable value according to said distribution
cycle) at said average frequency;

25 a burst pulse generating means which generates a pulse
having a duty width in accordance with a dimming level
externally applied thereto and having a frequency outputted
from said controller;

a distribution number adjusting means which sets said

30 values of N and k determining said distribution cycle in
conjunction with the burst pulse outputted from the burst pulse
generating means;

an output enabling means which turns on or off the output
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7. A cold cathode tube driving device according to claim
6, wherein

said smoothing process means is configured such that an
acquisition range of the data to be smoothed is variable in a
unit of multiple of said distribution cycle in accordance with
the pulse width of the burst pulse generated by said burst pulse

generating means.

8. A cold cathode tube driving device according to claim

6, wherein

said smoothing process means is configured to perform an

averaging process.

9. A coldcathode tube driving device according to claim
6, wherein

said distribution number adjusting means is configured
to determine said value of k such that the control cycle by said

controller is made constant regardless of said value of N.

10. A coldcathode tube driving device according toclaim

6, wherein

said distribution number adjusting means is configured
to adjust said value of A of said controller in conjunction with
the duty of the burst pulse outputted from said burst pulse

generating means.
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7] #10Qﬁﬁ&rﬁbutlon number adjusting means and said output enabling

means is configured by software.

10 12. A liquid crystal display device comprising:
a liquid crystal panel;
a cold cathode tube which is a backlight of said liquid
crystal panel; and
the cold cathode tube driving device according to claim
15 6, wherein
said piezoelectric transformer in said cold cathode tube

driving device is connected to said cold cathode tube.

13. A cold cathode tube driving device comprising:

20 a piezoelectric transformer which outputs an output
voltage varying depending upon a frequency of an input voltage
to a cold cathode tube which is a load;

a data converting means which detects electric current
flowing through said cold cathode tube and an input voltage of

25 said cold cathode tube and converts each of the detected current
amounts into digital data:;

a lighting detecting means which detects a 1lighting from
the output from said data converting means;
a smoothing process means which smoothes output data from

30 said data converting means at a predetermined timing;

an error voltage calculating means which compares
smoothing data obtained from said smoothing process means with

reference data and outputs error data corresponding to its
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#10%1J& a(x)e-r!aﬂ;gse frequency corresponding to the frequency data outputted

from said frequency setting means in a distribution cycle which

is N cycle period of said driving pulse;

a controller which controls a control cycle so as to

10 perform the same driving for a predetermined number of times
A (A 2 2) at the average frequency;

a control cycle switching means which switches said
number of times A in conjunction with a lighting detection pulse
outputted from said lighting detecting means;

15 a dimming level switching means which switches between
an externally applied dimming level and a separately set dimming
level in conjunction with the lighting detection pulse
outputted from said lighting detecting means;

a burst pulse generating means which generates a pulse

20 having a duty width in accordance with the output from said
dimming level switching means and having a frequency outputted
from said controller;

an output enabling means which turns on or off the output
of the driving pulse from said frequency dividing means in

25 accordance with the output value from said burst pulse
generating means; and

a power amplifying means which performs inversion with
a switching by the driving pulse from said output enabling means
and then outputs to said piezoelectric transformer.

30

14. A coldcathode tube driving device according to claim

13, wherein

the number of times A representing the control cycle set
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5 13, wherein
the distribution cycle of said frequency dividing means
is switched in conjunction with the lighting detection pulse
outputted from said lighting detecting means and is set such
that the distribution number at the starting is smaller than

10 that at the full lighting.

16. Acoldcathode tube driving device according to claim
13, wherein
said dimming level switching means is configured to
15 output a dimming level representing 100% continuous driving
when the lighting detection pulse outputted from said lighting

detecting means has a value showing a non-lighting state.

17. Acoldcathode tube driving device according to claim
20 13, wherein
a controlling process means including said smoothing
process means, said error voltage calculating means, said
frequency setting means, said frequency dividing means, said
controller, said control cycle switching means, said dimming
25 level switching means, said burst pulse generating means and

said output enabling means is configured by software.

18. A liquid crystal display device comprising:
a liquid crystal panel;
30 a cold cathode tube which is a backlight of said liquid

crystal panel; and

the cold cathode tube driving device according to claim

13, wherein
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0%&' () - M%rrespondlng to a difference between an electrlc amount in a

cold cathode tube which is a load of a piezoelectric transformer
and a reference electric amount and outputs the generated pulse

10 to said piezoelectric transformer, comprising:

a frequency setting means which obtains dividing ratio
information as to said driving pulse from the information of
said difference;

a frequency dividing means which generates a distribution

15 pulse which is a pulse in a state of distributing a frequency
dividing ratio on the basis of said dividing ratio information;

a power supply voltage detecting means which detects a
power supply voltage and outputs power supply voltage
information;

20 a pulse width calculating means which calculates pulse
width information of said distribution pulse on the basis of
said power supply voltage information and said dividing ratio
information; and

a pulse width adjusting means which generates an extended

25 pulse having a pulse width obtained by extending said pulse
width of said distribution pulse on the basis of said pulse width
information as well as switches between said distribution pulse
and said extended pulse on the basis of said pulse width
information and then outputs the resultant to a driving element

30 of the piezoelectric transformer.

20. A coldcathode tube driving device according to claim

19, wherein
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B9K, OpL¥ipptSHxh sid@dliower supply voltage information from
said power supply voltage detecting means and said dividing
ratio information from said frequency setting means as data
including decimal means corresponding to one cycle or less of
a clock, and

said pulse width adjusting means is configured to
include:

a pulse width shaping means which shapes the pulse width
of said distribution pulse outputted from said frequency
dividing means into a value corresponding to an integer means
of said pulse width information;

at least one pulse width extending means which converts
the output from said pulse width shaping means into the extended
pulse having an extended pulse width; and

a switching means which switches between the output from
said pulse width extending means and the output from said pulse
width shaping means in accordance with the value of the decimal

means of said pulse width information and outputs the resultant.

21. A cold cathode tube driving device which generates
a driving pulse obtained by dividing a clock of a predetermined
frequency in accordance with a frequency dividing ratio
corresponding to a difference between an electric amount in a
cold cathode tube which is a load of a piezoelectric transformer
and a reference electric amount and outputs the generated pulse
to said piezoelectric transformer, comprising:

a frequency setting means which obtains dividing ratio
information as to said driving pulse from the information of
said difference;

a frequency dividing means which generates adistribution

pulse having a dividing ratio of D + 1 for L times (L < N) at
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of said distribution pulse outputted from said frequency
dividing means into a value corresponding to an integer means
of said pulse width information;

15 at least one pulse width extending means which converts
the output from said pulse width shaping means into the extended
pulse having an extended pulse width; and

a switching means which switches between the output from
said pulse width extending means and the output from said pulse

20 width shaping means in accordance with the value of the decimal

means of said pulse width information and outputs the resultant

to a driving element of the piezoelectric transformer.

22. Acoldcathode tubedrivingdevice according to claim
25 20 or 21, wherein
said pulse width extending means has a delay fine-
adjusting means which converts the output from said pulse width
shaping means into an extended pulse having a pulse width
extended with the respective delay difference set shorter than

30 one cycle of said clock.

23. Acoldcathode tube driving device according toclaim

22, wherein
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a driving pulse obtained by dividing a clock of a predetermined
frequency in accordance with a frequency dividing ratio
corresponding to a difference between an electric amount in a
cold cathode tube which is a load of a piezoelectric transformer
and a reference electric amount and outputs the generated pulse
to said piezoelectric transformer, comprising:

a frequency setting means which obtains dividing ratio
information as to said driving pulse from the information of
said difference;

a frequency dividing means which generates a distribution
pulse being in a state of distributing a frequency dividing
ratio on the basis of said dividing ratio information;

a power supply voltage detecting means which detects a
power supply voltage of an input;

a pulse width calculating means which calculates pulse
width information of said distribution pulse on the basis of
said power supply voltage information and said dividing ratio
information; and

a pulse width adjusting means which generates an extended
pulse having a pulse width obtained by extending the pulse width
of said distribution pulse by 0.5 cycles, generates a delayed
pulse and delayed and extended pulse each having a pulse width
obtained by delaying said distribution pulse and said extended
pulse by 0.5 cycles on the basis of said pulse width information
from the pulse width calculating means, switches among said
distribution pulse, said extended pulse, said delayed pulse and
said delayed and extended pulse on the basis of the pulse width
information, and then outputs the resultant toadriving element

of the piezoelectric transformer.
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output the pulse width information of said distribution pulse,
obtained from said power supply voltage information from said
power supply voltage detecting means and said dividing ratio
information from said frequency setting means as data including
decimal means corresponding to one cycle or less of a clock,
and

said pulse width adjusting means is configured to
include:

a pulse width shaping means which shapes the pulse width
of said distribution pulse outputted from said frequency
dividing means into a value corresponding to an integer part
of said pulse width information;

a l-clock-cycle delaying means which latches the output
from said pulse width shaping means at the leading edge of a
clock:

a 0.5-clock-cycle delaying means which latches the output
from said pulse width shaping means at the trailing edge of a
clock; and

a switching means which, to the driving element of the
piezoelectric transformer, outputs the output from said pulse
width shaping means when low-order l-bit value of said A-bit
pulse width information is at low level and said dividing ratio
is D, outputs the output from said 0.5-clock-cycle delaying
means when low-order l-bit value of said A-bit pulse width
information is at low level and said dividing ratio is D + 1,
outputs a logical sum of the output from said 0.5-clock-cycle
delaying means and the output from said pulse width adjusting
means when low-order 1l-bit value of said A-bit pulse width

information is at high level and said dividing ratio is D, and
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frequency in accordance with a frequency dividing ratio
corresponding to a difference between an electric amount in a
10 cold cathode tube which is a load of a piezoelectric transformer
and a reference electric amount, and then outputs the generated
pulse to said piezoelectric transformer, comprising:

a frequency setting means which obtains dividing ratio

information as to said driving pulse from the information of
15 said difference;

a frequency dividing means which produces a distribution
pulse having a dividing ratioof D+ 1 at L times (L < K) during
K cycles of said driving pulse with respect to the reference
dividing ratio D;

20 a power supply voltage detecting means which detects a
power supply voltage of an input;

a pulse width calculating means which outputs the pulse
width information obtained from said power supply voltage
information from said power supply voltage detecting means and

25 said dividing ratio information from said frequency setting
means as data including decimal means corresponding to one cycle
or less of a clock;

a pulse width shaping means which shapes the pulse width
of said distribution pulse outputted from said frequency

30 dividing means into a value corresponding to an integer means
of said pulse width information;

a l-clock-cycle delaying means which latches the output

from said pulse width shaping means at the leading edge of a
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piezoelectric transformer, outputs the output from said pulse
width shaping means when low-order 1-bit value of said A-bit
pulse width information is at low level and said dividing ratio
is D, outputs the output from said 0.5-clock-cycle delaying

10 means when low-order 1l-bit value of said A-bit pulse width
information is at low level and said dividing ratio is D + 1,
outputs a logical sum of the output from said 0.5-clock-cycle
delaying means and the output from said pulse width adjusting
means when low-order 1-bit value of said A-bit pulse width

15 information is at high level and said dividing ratio is D, and
outputs a logical sum of the output from séid 0.5-clock-cycle
delaying means and the output from said l-clock-cycle delaying
means when low-order 1-bit value of said A-bit pulse width
information is at high level and said dividing ratio is D + 1.

20

27. A cold cathode tube driving device which generates
a driving pulse obtained by dividing a clock of a predetermined
frequency in accordance with a frequency dividing ratio
corresponding to a difference between an electric amount in a

25 cold cathode tube which is a load of a piezoelectric transformer
and a reference electric amount and outputs the generated pulse
to said piezoelectric transformer, comprising:

a frequency setting means which obtains dividing ratio
information as to the driving pulse from the information of said

30 difference;

a frequency dividing means which produces a distribution
pulse which is a pulse for distributing a frequency dividing

ratio based upon said dividing ratio information;
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5 power supply voltage information and said dividing ratio
information;

a pulse width distributing means which inputs the pulse
width information from said pulse width calculating means,
increases said pulse width information at a predetermined

10 timing and outputs said increased information; and

a pulse width adjusting means which adjusts the pulse
width of said distribution pulse according to the output from
said pulse width distributing means and outputs the adjusted
pulse width to a driving element of the piezoelectric

15 transformer.

28. Acoldcathode tube driving device according toclaim
27, wherein
said pulse width calculating means is configured to
20 output said pulse width information as A-bit data based upon
said power supply voltage information and the dividing ratio
information obtained at said frequency dividing means, and
said pulse width distributing means is configured to
output data obtained by adding 1 to the high-order (A-n)-bit
25 data of said A-bit pulse width information during nth root of
2 of the distribution pulse the times represented by the

low-order n-bit of said A-bit pulse width information.

29. A cold cathode tube driving device which generates

30 adriving pulse obtained by dividing a clock of a predetermined
frequency in accordance with a frequency dividing ratio

corresponding to a difference between an electric amount in a

cold cathode tube which is a load of a piezoelectric transformer
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a frequency setting means for obtaining dividing ratio

information as to said driving pulse from the information of
5 said difference;

a frequency dividing means which produces a distribution
pulse having a dividing ratioof D+ 1 for L times (L < K) during
K cycles of said driving pulse with respect to the reference
dividing ratio D;

10 a power supply voltage detecting means which detects a
power supply voltage of an input;

a pulse width calculating means which outputs said pulse
width information as A-bit data based upon said power supply
voltage information and the dividing ratio information obtained

15 at said frequency dividing means; and

a pulse width distributing means which outputs data
obtained by adding 1 to the high-order (A-n)-bit data of said
A-bit pulse width information during nth root of 2 of the
distribution pulse the times represented by the low-order n-bit

20 of said A-bit pulse width information.

30. A cold cathode tube ari;?aé device according to any
of claims 27 to 29, wherein
said pulse width distributing means is configured to
25 distribute a distribution pulse such that the duty ratio of the
pulse width of said distribution pulse becomes approximately
constant,
said frequency dividing means is configured to include:
a frequency dividing means which divides a clock having
30 apredetermined frequency with the dividing ratio D represented
by high-order (M-n)-bit data of said M-bit dividing ratio
information in order to make the duty ratio of said pulse width

of the distribution pulse approximately constant; and

110



10% u& ()-?aB7@! ! !
10- u<10% u& () - 97#10% & () -zL610% u&' () - 4#10% u& ()-210% u& ()-!

'109%&' ()-5j H@!!! 10-u![L:!1090T& ()-1  109d& ()-1L f& 109T& () -
“f&I109& ()- & 10947& ()- 10-u 10- u4zXOH@!!! !#109F& ()- !!#10%&' ()-
| MB#10%& () - 8#109%T& () - [ &#109%& () -1 t#10%& () -y \O{Y H@! ! !

&8#109%7& () - G t/éﬁrow ()-11#1098%8 ()| %) #10%I'T&'

y) #10%& ()-0"' 30 DYOEFEAR §iFtEibuping me%a Wlﬁ:h#‘ieﬁ/@e&w}

#10%9&' (Yorh 1Q%J_§1061 of18To203,18T5100F (1 10on ulse the tim
't 13" K#SO6-8WLE~\ =01 3@10%gSGSE () - 31 #1004 () - | #1008 () <! #10%& ()-! #10%g&’ (
)-'[#10‘%&eP¥e$§&&&@L&&che s%rg%qm@'l(qo TSR WAL~} & Timdgling ratio

information to make said dividing ratio of the frequency
5 dividing means D + 1, and
said pulse width distributing means is configured to add
1 to the high-order (A-n)-bit data of said A-bit pulse width
information when the output from said dividing ratio
distributing means is 1.
10
31. A cold cathode tube driving device according to any
of claims 27 to 29, wherein
said pulse width distributing means is configured such
that, in order to add 1 to the high-order (A-n)-bit data of said
15 A-bit pulse width information when the output from the dividing
ratio distribution data is 1, the output on the (P0-2° + P1021
+ ..+ P,,#2" ) th cycle of the distribution pulse becomes (P,eQ,_,
+ _PyoP¢Q ., + ... + PgeP, ... P _,eP _,¢Q,) from the low-order n-bit
data (Q,2° + Q,#2' + ... + Q,.,*2"!) among the M-bit data outputted
20 fromsaid frequency settingmeans, and is configured to include:
a comparing means which compares the low-order n-bit data
of thedividing ratiodistributiondata with the low-order n-bit
data of the pulse width information on the condition which the
adding value of the pulse width on the (P,#2° + P,e2' + ... +
25 P,.,*2" 1) th cycle of said pulse width distribution satisfies S,
= (Qn-1x® Roix)® Py + Q(Q,,x* R..1.x)*P; when low-order n-bit data
among said M-bit data of the frequency dividing ratio is greater
than low-order n-bit data of said A-bit pulse width information,
while satisfies S, = (_ Q. «*Rox)® Py + _(_Q,1.x*Ro1-x) *Px when the
30 low-order n-bit data among said M-bit data of the frequency
dividing ratio is smaller than low-order n-bit data of said
A-bit pulse width information, wherein P,, Q and Ry, are 0 or

1 and P,, Q and Ry respectively represent the inversions of
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10 a switching means which outputs the result fromsaid first

searching means when the low-order n-bit of the dividing ratio
distribution data is greater than said low-order n-bit data of
the pulse width information in said comparing means, while
outputs the result from said second searching means when
15 smaller;
a counter means which counts a period corresponding to
a cycle of nth root of 2 of said driving pulse; and
an inverting means which inverts a predetermined bit of
said counter means according to the output from said switching
20 means,

whereby said value Sy is obtained.

32. A cold cathode tube driving device according to any

of claims 27 to 29, wherein
25 said pulse width distributing means is configured such
that, in order to add 1 to the high~order (A-n)-bit data of said
A-bit pulse width information when the output from said dividing
ratio distribution data is 1, the output on the (P,e2° + P e2}
+ ...+ P,_;#2" ') th cycle of the distribution pulse becomes (P,Q,_,
30 + PgeP,eQ , + ... + _PgeP, ... P, ,oP ,0Q;) from the low-order n-bit
data (Qe2° + Q,¢2' + ... + Q,.,#2"! ) among the M-bit data outputted
fromsaid frequency setting means, and is configured to include:

a comparing means which compares the low-order n-bit data
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!"#$%&f(%tﬁlk'ég%%§§§?ZSQQNL4O*RW4“ =1 and S, = P, with respect to the
others when low-order n-bit data among said M-bit data of the
frequency dividing ratio is greater than low-order n-bit data
of the A-bit pulse width information, while S, = P, with respect

10 to only the maximum value of n-1-X satisfying Q. ,4*R,;x = 1
and S5, = P, with respect to the others when the low-order n-bit
data among said M-bit data of the frequency dividing ratio is
smaller than low-order n-bit data of said A-bit pulse width
information, wherein Py, Qy and Ry are 0 or 1 and _P,, _Qx and

15 Ry respectively represent the inversions of Py, Q and Ry;

a first searching means for searching a bit where said
low-order n-bit of the dividing ratio distribution data is 1
and the low-order n-bit data of said pulse width information
is 0;

20 a second searching means for searching a bit where said
low-order n-bit of the dividing ratio distribution data is 0
and the low-order n-bit data of said pulse width information
is 1;

a switching means which outputs the result from said first

25 searching means when said low-order n-bit of the dividing ratio
distribution data is greater than said low-~order n-bit data of
the pulse width information in said comparing means, while
outputs the result from said second searching means when
smaller;

30 a third searching means for searching the most
significant bit among the search result outputted from said
switching means;

a counter means which counts a period corresponding to
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a cycle of nth root of 2 of said driving pulse; and

an inverting means which inverts a predetermined bit of
said counter means according to the output from said third
searching means,

whereby said value of S, is obtained.

33. A cold cathode tube driving device according to any
of claims 19 to 32, further including:

in front of said frequency setting means, a current
detecting means for detecting a current flowing through said
cold cathode tube;

a rectifying means which converts a sinusoidal voltage
obtained from said current detecting means into an
approximately DC voltage;

an A/D converter which converts said rectified voltage
signal into a digital signal;

a smoothing process means for smoothing the output data
from said A/D converter; and

an error voltage calculating means which multiplies
difference data between the externally applied reference data
and the output data from said smoothing process means by a
constant and outputs the resultant to said frequency setting

means as error data.

34, A liquid crystal display device comprising:

a liquid crystal panel;

a cold cathode tube which is a back light of said liquid
crystal panel; and

a cold cathode tube driving device according to any of
claims 19 to 32,wherein

said piezoelectric transformer in said cold cathode tube

driving device is connected to said cold cathode tube.
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