; kI mopqrstuve3eZ p Z @ 6 Tp Ap SPECI FI CATION Piezoelectric
transforner-driving circuit TECHNI CAL FIELD The present invention relates
to a driving circuit for ' a piezoelectrj¢ transforner,
step-up transformer for driving the backlight of a I|qU| d jmmmmmlmmﬁ“ay ‘
nonitor, and the |ike. BACKGROUND ART In recent years , liquid gﬁg;ta

di spl ay nonitors have been incorporated in portable conpact video

appar atuses, such as a VCR integrated with a canera and a d .
As a step-up transfornmer for drisppmrracadmdNnat hode tube MAH%WM@NHQHMEBF

t he backlight etc. of a liquid crystal display nonitor of cOIp

apparatus, a piezoelectric transformer which can be nmade thi nnetf6®¥4s

hi gher efficiency and can be free fromthe generation of magnetic |ine
forces has begun bgeaaeq%@ifﬂa Rird@ fofrmt -ArasiRaeaadd i t ransf or mer
havi ng been used conventionally. The piezoelectric transforner is a voltage
- conversion device, wherein an input AC voltage is applied to the primary
el ectrode of a piezoelectric device, mechanical vibration is generated by

using a pi eFREEdAT Bifisct, and a vol tage anplified depending on a
voltage step-up ratio -2 determ ned by the shape of the piezoelectric

transformer is taked @HesedntMintRntaoandenatelsetl’ adariRengotirdtiet for
pi ezoel ectric transforner does not cause any | eak magnetic fluxes because

It does noty L&feﬁo@fééleﬁwhﬁfshafaﬂ.éegewmewaaged ¥52anBEABLUp energy by

usi ng wi ndings. For this reason, It Is advantageous in not causing noise
outsi de i t Sy i eEdfher lE'%z@ﬁf'i@iﬂ&th%‘lS‘é’&cif@m@b%@@.‘i%&@ @:-{gm.s&% hy
sel ects and outputs only the frequency determned by its ou di mensi ons;
its output. M@Hf%é%r“éﬁdckﬁéeliﬁea sine wave; thereby being advantageous in
reduci ng the occurrence of high-frequency noise. Furthernore, since the

pi ezoelectric transformer is a mneral forned by sintering a ceranmc
material, it has the advantage of causing no risk of snoking and ignition. .
FIG 61 is gagk@ROURDOARPY the general characteristic of a piezoelectric
transfornmer, the abscissa represents. the frequency [Hz] of an input

vol tage, and the Ofxiikeétaﬁtsféaféemauia ] d25PealyIRini AT SSHAWE bieen| G

61, the piezoelectric tran rmer has a reésonance characteristic, and the
out put val ugnghipbPaeel’ o' portable compact video apparatuses, such as a

VCR :I.'ntegrated with a camera and a digital camera. As a step-up
transformer for driving a cold cathode tube widely used for the
backlight efc. of a liquid crystal display.monitor'of compact
video apparatus, aﬁpiezoelectric transformer which can be made
thinner, has higher efficiency and can be free from the |
geﬁeration of magnétic line foréés has begun to bé used 1in place
-0f an electromagnetic transformér having been used
conventionally. The piezoelectric transformer is a voltage
conversion device, wherein an input AC voltage is applied to the
primary electrodé of a piezoélectric device, mechanical
vibration is generated by using avpiezoelectfic effect, and a

voltage amplified depending on a voltage step-up ratio



the secondary el ectrode differs depending on the frequency of the AC
voltage input to the primary el ectrode. Theréfore, in - the piezoelectric
transforner, in order to control the brightness of the backlight at a
constant | evel, the voltage output fromthe secondary el ectrode can be
adjusted to a desired level by controlling the frequency of the AC voltage
input to -3 the piezoelectric transforner. As described above, the

vol tage having the desired level is output fromthe secondary el ectrode of
t he pi ezoeldetterninedby fthie®hapaivd thy pdediodflleztrdld tgensSotmeriiedtdltem
cold cathode tube. A typical technology for the~J driving circuit of. such a
pi ezoel ect rout tHrons ftdidTee datdLee e Th 66t 03€ dthdir o £ AP AMRS piUddllectric
magazi ne, NTKKEI ELECTRONICS, Novenber 7, 1994 (No. 621), pages 147 to 157.
The confi gwrainsfomier does avectankel &ny el alagietdid \Fluked bedhtisbNit
accordance with the above-mentioned prior art will be described briefly

bel ow by r oy intt ugeFaCmetBod-Wher®dn $oathgecks dhaggam ¢havhagnébec
configuration of the above-nentioned conventional piezoelectric transfornmner
driving cirenérgy by GkEngbwindiRig8z0er8Et#nLs et T 1k0davanfayebhigye
transformation device for obtaining an anplified voltage. A transformer

wi th windi n 1ot ¢agBengdnaigadoqtsifie Pt&za8ldr C tnPBAEAEARBN , 18inaad
used as a pre-transforner is an el ectromagnetic transformer provided to
suppl enent g Pi%élééﬁ“ic VerAREforheP- 8016t s Nendl 6688186 bhty the
transforner 101. The voltage fromthe piezoelectric transfornmer 101..s

appl i ed t o Pr&flchGRtdwERhihed 199 16 CoatEPt atRéRE16hs 104 tdebagpatt he
current flow ng through the cold cathode tube 103 and converts it into a
vol tage si giefefdrni A& clvsaot6id Glide WBYe! CEhLFEEP Bdind darateyeouse1AC
vol tage output fromthe current detector 104 , and converts it into a
~detecti on steMatiy the6aturrende ¥8lHEfE- Fryidisy nddER. 18dreabenbabes
the balance vol tage between the detection signal output fromthe rectrfylng
circuit 10%5%mride athe i géH6sTeseLitNgrifbiagRert 13t al Minkeher edeRedaby . ( @
reference voltage,) ich is input externally. An integrator 150 used as a

filter circsintéringatcasrdmec WdeaEaal Ol 11230 whdl adviaditddes ot calisddger
107 and converts it into a DC voltage. A second adder 180 adds the DC

vol tage, wéehrisktde SméRVAgOhAnheghlteshator 150, to an initial value for
determ ning the oscillation ?requency of the piezoelectric transformer |01

at the time of powerg.081 2B50a YdpH Bh_WINYIHRE Yerféid ]l Khatt dtadiaLstA.c/olf

converter 190 oscillates at a frequency corresponding to the

above- ment i @ngflez6€UeEEEYcSBERNhBEOYRALE208he THBsY1iEsa represents the
frequency.[Hz] of an input voltage, and the ordinate represents

~ an output value [dB]. |
As Showﬁ'in FIG. 61, the plezoelectric transformer has

a resonance characteristic, and the oufputvvalue obtained from
the secondary electrode differs depending on the frequencY'of
the AC voltage input to the primary electrode. Therefore, in
theApiezoelectfic transformer, in ofder to control the
brightness of the backlight at a constant level, the voltage

dutput from the secondary electrode can be adjusted to a desired

level by controlling the frequency of the AC voltage input. to



converter 190 has been set so that the oscillation frequency beconmes high
when the frequency setting voltage is negative, and so that the oscillation
frequency becones | ow when the frequencyssetting voltage is positive.
Furthernore, the V-F converter 190 has been set to oscillate at a frequency
sufficiently higher than the resonance frequency of the piezoelectric
transforner 101 at the tinme of power-on. A driving circuit 110 forned of a
power transistor anplifies the signal output fromthe V-F converter 190 to

drive the, thegiegoelactiracneradfforhart headdesicrdbeld sbble OftHd19oltage
pi ezoel ectric transformer 101 configured as described above, at the tine of

power - on, thevdhd thendesieed 1 POvescid b_@tt@&tafr&nfﬁw%%%hdﬂxgbeiebhﬁadéhe
resonance frequency of the piezoelectric transforner |01, an -5 a

vol tage | ovef tHepildelddtia el sfirmdie, WReRFa fs’i:%.‘iﬂ%”?%ﬂt%g%ﬁim
e

fromthe secondary el ectrode of the piezoelectric transfornmer 101

vol tage outgpplié@ntd e PN aaiBOde a0k yhigaRki 20 ' ’
transforner 101 is applied to the cold cathodeYPubg 103-ﬁk%§%??gﬁfr.ﬁhe

proportion aleimﬁ, aPDh& €0t VO t $G6h f hoﬂﬁekbéw&’eﬂéeggailxggﬁéht%?dﬁa%“pggﬁ.o?”

and the current owi ng through the cold cathode tu I'S conver into

a vol tage hyiddiEoséed rala daipitete Mihtrard :ﬂa%g%&h%ﬁeg«%kkﬁ‘ieh&.%%ThBhicé

nearly DC voltage by the recCtifying circuit e above-nmenti oned

confi gural imgvenber 1 he19¢i c(aceey e agagbe BeysppPisgd externally has a
vol tage | evel shown at point A of the characteristic curve shown in FIG 61

and when the vol t agR Sm¥Re-{¢ 18R F&‘F_ﬂ?&tﬂ{é’icglé?éffi%}:?%%%ﬁénﬁg-

voltage at point B of the characteristic curve own I n

bal ance vol d8peiRg dikeuliit $h AR&dr¥aarbe REEAER Hﬂéiréi-iﬁspt'i%ehgthfjhéfaz?%”1
ally, and the

the i'nput voltage of the V-F converter 190 rises gradu _
oscill ati ong{ IEBEERscHIHEE Yri¥Rly Belof BQ”féféffi&&Otbeﬁ%ﬁ.: é2. | PR

This operation raises the | evel of 'the voltage output ™ from

pi ezoel ect rég 15aa5H6R A183randshBWLAES Ehiel BEnEYELERE 1bhOWENgHBNT OUG the
cold cathode tube 103 a On t%e ot her hagd, ahennthg vol t age obtgined from

e Showt POTS;BOWE Lo sontBEL oL A0ptoBbetts £ ek RS LI
negative; a@giviRgoseiéhtion - S
| In FIG. 62, a.piezoelectrid transformer 101.is a voltage
fransformation device for obtaining an amplified voltage. A
transformer with winding 102 disposed ahead of the piezoelec'tric
transformer 101 and used as a pre-transformer is an |
electromagnetic transformer provided to supplement fhe
insufficient volfage step-up of the plezoelectric transformer
" 101. The voltage from the piezoelectric transformer 101 is
apﬁliéd to a cold cathode tube 103. A current detector 104
v.detects the current flowing through the cold cathode tube 103
and converts it :L'nto a voltage.signal. A rectifying circu;Lt 105

rectifies the sine wave like AC voltage output frbm the current

detector 104, and conVerts 1t into a detection signal of a near




-6 frequency output fromthe V-F converter 190 rises. This operation |owers
the voltage | evel output fromthe piezoelectric transfornmer 101 and reduces .
the current flow ng through the cold cathpde tube |1 03. As described above,

t he conventional piezoelectric transformer-driving circuit feeds back the
current flow ng through-the cold cathode tube 103 and controls the
oscillation frequency so that 'the current value is equal to the |evel of
the reference data supplied externally thereby stabilizing the brightness
of the backiC gheltaget hér fdret asderotlioadr calicndatels thebbhilanee Vbetage

bri ghtness of the backlight, nethods have been disclosed in the Japanese
publ i shed hetweemdheletecyidhdelghablowtiitofrbe. tieireetiF8npedrchet
Japanese published unexamined Uility Mddel Application No. Hei 5-4779. In
both of theb@®s randaldrightimesds isetoaing acbtdgent thiat 1esoreFesehceqaateay at
whi ch the piezoel ectric device has the highest efficiency. The principle
t her eof useka ief eraice altale ) phletseh did Lapatcex betNEEDY | hany 1nekgaaeophase
and the current phase obtained fromthe secondary side of the piezoelectric
devi ce becan®s used as aheiltepnedceulteqnesgratbbetnBapgldntberentage ‘
between the two is detected and frequency control,is carried out so that

the differ cowtphedrmnstie firsitiadfes 1EEandidenvudtlt t\tRaene Follivagd . at
t he out put voltage obtained at the resonance point , therefore , it Is

general that the rmesbodnafadidlizisBorgiddenk p@Rbleageqiwhien Backhé diput
carried out by adjusting the voltage of the power supply. Wen instaPI I ng

this kind obf chwe eimttiegratay 506! €ot AhCiht oDl oFdBie For idedt erniGiidg ithe
conmpact video apparatuses such as a VCR integrated with a canera, a digital

canmera and ¢deillatioh hEreqpen ey USE Stits Itefdd st il d & i Jier Q@agt SO
that the portability of the conpact video apparatuses can be enhanced. For.

this reasonthettime reft powery ong aadusatpliesnahidqudndaidet Ay WO1TAGR .
space. However, since the conventional piezoelectric transformer-driving

S circuit is Adl+Rdcaivertemadldogoscidliattes hthasermfienty idorddspgonhdiadyed t he
nunber of parts. Therefore, the piezoelectric transfornmer-driving circuit

i s desired thebabdivrgirhehtienednfoegaency sedtdagt holtagesr PhePqLys .
However, 'the followi ng requirenments nust be satisfied to dirgitalize the
conventi onatopverterelf0i hasr bashosa®r so that the oscillation frequency
| becomes Ihigh when the frequency setting voltage is negative, and
'so that the oscillation frequency becomes low when the freqﬁéncy
setting voltage is positive.. Furthermore, the V-F converter 190
has been set to oscillate at a fréquency sufficiently higher than
the resonance frequency of the piezoelectric transformer 101 at
the Itime of power-on. A' driving circuit ‘110 formed of a power
transistor amplifies the signal oﬁtput from the V-F converter
190 fo drive the, winding transfofmer 102.
In the driving circuit of the plezoelectric transformer
101 configured as described above, at the time of power-on, thé :

V-F converter 190 oscillates at a frequency highér than thé

resonance frequency of the plezoelectric transformer 101, and




driving circuit fornmed of an anal og system (1) A high-frequency clock is -
required to obtain the frequency accuracy. required for controlling the

pi ezoel ectric transfornmer . (2) A multi-lgit A/D converter is required to
obtain voltage (detection performance nearly equivalent to that of the
anal og system therefore, an expensive LSI~is required. The above-nenti oned
requi renments (1) and (2) will be described specifically. Regarding the
requirenent ( 1) , as a nmethod of generating the drive pulse .signal for

t he, pi ezod woiltiaget lawesrf dhapr the voltagenktétvel off thét@sunance ﬂréquepuiyse :
signal having a desired frequency by frequency-dividing the clock is
avai |l abl e. 1s dbrtputrefhomn tie f secordayy deYedtngdéhefcthekpieboeleetmacy of
the clock required to control the current of the cold cathode tube in a-

predet er m nexansformért 10 f Thexaiiage owtmitpEnony btlee neslcdridary he
frequency characteristic curve showi ng the relationship between the output

(dB) and t helelttredé remtRepididelectirideransEotmey B0 Edly agploéd to the
t he. pi ezoel ectric transforner in FIG 61. In a typical piezoelectric

t ransf or nergcoldiscathoaantabér eogsency i s about |00 KHz, and the average
frequency sensitivity in the frequency range ( on the higher frequency side

fromthe resonances faeateie yin tprdisoOldn ot d ethé Sapplide esltaget habwshe
change in the voltage value is about nearly +100%to -50% dependi ng on the

frequency ctpgaghf theKtdld SatEédéheubsdr 168!, ahawthe chieeght Fhowdelgd
cat hode .tube is proportional to the voltage of the secondary el ectrode of

the pi ezoel ertbught theséolabcatlidide VEIBSIRO D1d pmBaatiEiintd) e voldage
t he piezoelectri.c transforner is required to be limted within about t 1%

in order tobyighe thereaktudeebotbe ¢ourecandl HewEagtherowohveieemlihteatahode
tube within tl% In order to reduce the voltage of the secondary el ectrode

of the pi eznehelyr DC ¥bamager B thet Feetdfging cil¥cuife 1osequency
resolution of the drive pulse signal is required to be at |east about 10 to

20 Hz. The clock fIsgmenayoveeaménttiohedaursf Igurdtsoncwhen thelndferemfe 10

to 20 Hz at about .100 KHZ is 500 MHz
voltage to be supplied externally has a voltage level shown at
point A of the characteristic curve shown in FIG. 61 and when
the voltage obfained from the rectifying circuit 105 is the
voltage at point B of the characteristic curve shown in FIG. 61,
"the balance voltage at the first adder 107 becomes positive. For
this reason, the input VOltagé of the V-F converter 190 rises
gradually, and thé oscillation frequency output from the V-F
coﬁverter 190 begins to lower. This operation ralses the level
of the voltage output from the piezoelectric transformer 101 ahd
increases the current f£lowing through the cold cathode tube 103.

| On the other hand, when:the voltage oﬁtained from thc

rectifying circuit 105 is the voltage at point C of the

‘characteristic curve shown in FIG. 61, the balance voltage at

‘the first adder 107 becomés négativcy and the oscillation




-9 to 1 Giz . . This kind of high clock frequency is not a practical clock

frequency in consideration of emssion interference, supply power and the-
l'i ke. Regardi-ng the above-nentioned requérenent (2), a current detector
having a detection accuracy of t 1%or less is required to control the
current of the cold cathode tube within a predeterm ned range (tl % for
exanple just as in the above nentioned case). Furthernore, nore accurate
detection is' necessary in consideration of the variations in the current
det ect or arfiredrencytouipuy £romuthe VHeredénverten bdPderises. ks ol ~t he
current of the cold cathode tube within the predeternined range, an 8 or
9-bit A/ D caprmationiloweaguthe vodirageubével outpiir fremdive/piegoeilecbuibt in
an LSI, the area of the chip beconmes |arge, thereby being di sadvant ageous

i n cost. Theramsfexmer ddnandrirédrds thedowrsent tfd.osdingethheugh the cold
above-nentioned problens, and is intended to propose a piezoelectric

transf or rercatthedegtebecl08.capabl e of forming a. drive pul se signal having
a high frequency resolution froma clock having a | ow frequency and capabl e
of detecting a volAsagiesenrish fabovk gitled quoeassiomabypiszoglectrigl e

| ow- cost configuration . DI SCLOSURE OF | NVENTION In order to attain the

.above- nent i tnanlsformersdriviphgzottenlti fetdanbhoknthedcuyiregtciflowihg n

accordance wth -10 the present invention conprises: a piezoelectric

- transf or mer tsnppghetheiddild cathiodel tatecloscand taoeralpliecdstd 1 atdot
.cat hode tube and driven at the frequency of a drive pulse signal, a current

det ect or f ofredguentynsp dHatattheuwcurreént valiuvegis equal to the level of the
J refereﬁce data supplied externally thereby stabilizing the
‘brightness of the backlight. |
Furthermore, as another method of stabilizing the

brightness of the backlight, metﬁods_have been disclosed in the
Japanese published unexamined Utility Model Application No . Hel
4-58085 and the Japanese published unexamined Utility Model

' 'Applicatiqn No. Hei 5-4779. 1In both of these methods, control
is carried out at the resonance frequency at whicli the
piezoeiectric device has the highest efficiency . The principle
therebf uses the fact that the phase difference betw_een_ the

- voltage pﬁase and the current phase obtained from the secondarj
side of the plezoelectric device becomes zero at the resonance
frequendy : thé phase difference betweén the two is detécted and |
frequencir control is carried out so that the difference becomes'
zero. In this case, the output voltage is fixed at the output
voltage obtained at the resonance point, therefore, it'is general

that the method of adjusting the brightness of the backlight is

]




t hrough the above=nentioned cold cathode tube, a rectifying circuit for
converting a sine wave |i ke AC voltage obtained fromthe above-nenti oned

current detector into a substantially DC-oltage, ~, an A/D converter for
converting the voltage signal rectified by the above-nentioned rectifying
circuit into a digital signal,. an error voltage calculation circuit for

mul tiplying the difference data between the output data of the
above-nmentioned A/D converter and reference data supplied externally by a

constant andafpied@ubnttbyngdjtistiagutheagottage GGt%heath%&UQH?Elﬁﬁtti”9
circuit for setting the frequency of the drive pul se signal of e

pi ezoel ectric traren MistRElINNY thdat R1A# oIt Indle paRTbad e rli ke
above-nentioned error data, a.divider circuit for dividing a clock having a

predet er m nedahsLaRELYdeL vangr 89PERLET 11¢ b REYAEH \dppdda tidldsL sieh
generate the drive pulse signal of the piezoelectric transformer, for

di stributi ngsthgcrbpyeegiate@nact asumiy, di 4i§1081 cdndrd ahatéife Bidedd Of
N cycles ( N: an integer ) of the drive pulse signal of the

above- ment i Qﬁédaﬂ?]@ﬁé)ﬁhﬁéé rd¥e deshield 88%&mMEde fdtd om @.E:‘i:y'égg:l'f:# tl’ﬁ ‘
control so that the average frequency division ratio in the period of

cycles is sphgtaBliatyyofOtRb compder WA do UPpHPSeys B Cﬂeﬂ%gyéﬁ%‘& !

data output fromthe above-nenti oned frequency setting circuit and a

power transpskothisrréidon Noit iy kg sARY! iter'fdaa'gswﬁé%ﬁ%zé gigg%f;g{s[_m :

. I'n accordance with the present invention Configured as descri

the frequengnadiyi 5h08 EphkcR.Of HEWEVEE | VE1RUL SEns] aaﬁb_eh%idhagf i but ed, and

therefore, the resolution of the average frequency Is inproved, and it is

possi bl e topgbkakledtpiezOrdmstdifed | ASF R JBILrEU1 ¢ 1 roirelids SARMAID LT
obtaining a frequency for setting the brightness of the cold cathode tube

at a desiregivaude, AtPhaaopbeftdifricarsios EEadtd ViRG mimset lof harts.
accordance with the present invention from another point of view

Therefore, the piezoelectric transformer-driving

clrcuit is desired to be'digitaiized :l.xi Srder to reduce the number
of parts. However,thefollowingrequifementsmustbesatisfied
to digitalize the conventional piezoelectric transforﬁer-
driving circuit formed of an analog system.

(1) A high;frequency clock is required to obtain the
,ffequency accuracyxréquired for controlling the piezoelectric
transformer. |
| (2) A multi-bit A/D converter 1svrequired_to obtain
»voltage\detecfion performance nearly equivalent toithat of the
analog system, therefore, an eipensive LSI is requiréd.

The above-mentioned requirements_(l) ahd (2) will be
déscribed specifically.

‘Regarding the requirement ‘( 1), as a method of generating |

the drive pulse signal for the pilezoelectric transformer, a



conprises: a piezoelectric transfornmer supplied with a controlled current
to be supplied to a cold cathode tube and driven at the frequency of a
drive pul se signal, a current detector f-&-detecting a |oad current flow ng
t hrough the above-nentioned cold cathode tube, a rectifying circuit for
converting a sine wave |ike AC voltage obtained fromthe above-nentioned
current detector into a substantially DC voltage, -12 an A/D converter
for converting the voltage signal rectified by the above-nentioned

rectifyi ng BPEBAft ofnobtaloilpot & driyeapulse sigoelyblavigy caldesiiaeidon
circuit for multiplying by a constant the difference data between the

out put dat afsequancyhw EreguencyediniBiogrthe céocknts availabdesncEn dlis
supplied externally, thereby outputting the result as error data, a .
frequency swmethed ofr fweguencysdiviiddnghdher ejoekcy thfe threghenoy wf dhe
signal of the piezoelectric transfornmer as Mbit data (M an integer) in
accordance wilpkkt hequboed- tencomieel athrepicustareat afdthiedeoldicathddd drube

di viding.a cl ock having a predeterm ned frequency to generate the drive
pul se signalinoé phedetermibhedtrangé r(chiROEORr exaniple ) pLyes imp B Stiaiinddr
driving the above-nentioned piezoelectric .transforner, wherein the
frequency difwom the £zxequentcytdhmardmierisiic onededihowliaig theaelationship
distributed in the period of predeterm ned cycles, and the frequency .

di vi si on r abetwaent lthe( A0tpuxr {dB) adll the driie ¥Fretjuendyh (Hx) el Wias ei n,

i-n the above-nentioned expression, Ax represented by AQ Al, v , An-1 is
a nuneri cal seziondar® eletirodegfsthe fpiendeledtmiotdansfolrmerdat RIGBOL .+
" B121 + ~~ + Bn-12'l; where, in the above-nentioned expression, Bx

represented by BO, IBla typicBid- piezoalsutrlccakranafoemed,onits) rasdnanee
hi gh-order mbit data C (C. a deci mal nunber) of -13
, frequency is about 100 KHz, and the average frequency sensitivity
in the frequency range (on the higher frequency side from i:he
resonance frequency) to be controiled is to the extent that the
change in the vcltage value is about nearly +100% to -59%
depending on the frequency change of 1 KHZ. Since the ci:rrent
flowing through the cold cathode tube is ‘proportional to the
voltage of the secondary electrode of the pilezoelectric
transfonﬁer, the voltage of the secondary electrode of the
plezoelectric transformer is required to be limited within about
*1% in order to limit the va.:l,ue of the current flow:l.hg through
the cold cathode tube within T1%.
In order to reduce the voltage of tﬁe secondary electrcde
..of the piezoelectric transformer within about £ 1% . the frequency
resolution of the drive pulse signal is required to be at least '

about 10 to 20 Hz. The clock frequency required to obtain a_'

frequency resolution of 10 to 20 Hz at about 100 KHZ 1s .500 MHz



the Mbit data output fromthe above-nentioned frequency settihg circuit by

the follow ng expression (5): {AO Bn-1 + AO Al Bn-2 + + AO Al ~ An-2
An-1 HO} + C--- (5 . In the expressio% (5 , " AX " represents the
i nversion of "AXn ( 1 is converted into and O is converted into 1) ,

and the upper bars in the foll ow ng descrlptlons are used to represent
this neaning. In accordance wth the present invention configured as
descri bed above, "the levels of the |ow frequency conponents become | ower,

and theref k&1 GHzl.S PRES 101 Rd I6F BRAIgH B18cRi £20QLEREY! £s oSl prABE1EALVI NG
circuit capable of suppressing the flicker phenonmenon that is apt to appear

as the freqrdsy ffedW¥féy Olnd8ohfeaéteion! ofNEmELaNOR LALBLEAREABES | S
| arger. A piezoelectric transforner-dr|V|ng circuit in accordance wWith the

present i nvamg g$ PEWER 2004 Nehe PRLRE . Of Vi ew conprises: a piezoelectric
transformer supplied with a controlled current to be supplied to a cold

cat hode tube and (i!'ég‘éer‘hi‘i{g Ttﬂ% 515@\%‘ t £onéa Helg(B et gggnaé cudrefi’ ent

detector for detecting a curren | owm ng through the ove- ment i oned

col d cat hodg, {ggg?,ﬁ ?,‘r%[‘ﬂﬁ‘{ed %b%\gyge%%%? gcédﬁ(t: adP'0¢e &tdle?graléégﬁtéﬂ’%‘apﬁﬁgl AC .

vol t age obt ar ned I one ector

substant i al by Qnipbi2gfe. BirPeh: o8PV EhbCEOLA cARAYAR! kel 1 ehaE! bl | o

vol tage signal Into a sl gna by using a pre etern1n sanpli ng

Lok s BARHbLOERLEEY. Fohde, TEPLAR LRILPIN 08 Bh HBE abore:

R T P ng%?'gﬁ%fé s JetsemiE T

external |y R¥c@ssQP§! 21! c8AY158raRYbRUDE BHlet Qﬁr&ﬁ%':i,'ohsa&nert'i;%r Rhdnt
detector and the rectifying circuit.k Therefore, 1n_order to
céntrol'the current of the cold cathode tube withiﬁ the
vpredetermined range, ah 8 or 9-bit A/D converter is required
eventually. if such a’converter is built in an LSI, the area
of the chip becomes large, théreby being disadvantageous in cost.

The present invention has been‘deviéed to. solve the ,
' abové-ment1onéd problems, and is intended to propose a |

plezoelectric transformer—driving circuit capable of forming a
drive bulse signal having a high frequency resolution from a -
clock having a low frequency and capable of>detectin§ a voltage
suited for digital ﬁrocessing by ﬁsing a siﬁple.low-éost

configuration.

DISCLOSURE OF INVENTION
In o:der to attain the above-mentioned objects, a

pilezoelectric transformer-driving circuit in accordance with



a frequency setting circuit for setting the frequency of the drive pul se
signal of the piezoelectric transformer as Mbit data depending on the
above-nentioned error data, a divider ciggqit for dividing a clock having a
predeterm ned frequency to generate the drive pul se signal of

. thepiezoelectric transforner, and a power transistor for driving the

above-nenti oned piezoelectric transforner. In accordance wth the present
i nventi-on configured as descri bed above, a high voltage detection

resol ution ¢n8 PLeSEhEi Ndef¥EBni bomplkeWehli:t A/ D converter is used, thereby

having a great effect in reducing cost, in addition, it is not necessary to _‘
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can be saved, thereby being highly effective in naking conpact video
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I n accordance with the preséent invention from another point o

conpri ses: grghgéﬁgyegfrhcdgﬁggsbg&ggrSg hied with a controlled current
to be supplied™o a cold cathodée™tube.an ri'ven at the frequency of a

drive pulse signala duGdeReiiRAl Fol GbtARtIGH 001808 AL gyllton dﬂncaM ng

t hrough t he above-nentioned col d cat hode tube,” a“hal T-wave recti

cireuit for ¢hghiipaYRel 8BbiEYLNAR A oHARE HAVE datiddAC ifild 202 obtained from

t he above-nentioned current detector, a conparator for conparing the
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above-nmenti oned Conparator, a snoothing circult

wi dth data Quipwsthhedal @.@pr@ﬂﬁ;;ag'oned pul se wi dth dgtection'circuit
| an A/D converter for converting the voltage signal |
rectified by the above-mentioned rectifying circuit into a
digitai signal,
an error voltage calculation circuit for multiplying the
difference data between the output data ofvthe above-mentioned
- A/D converter and reference data supplied ékternally by a
| constant and for outputting the result as error dafa,
‘a frequency setting circuit fbr.setting the frequency of
" the drive pulse signal of the pliezoelectric transformer as M-bit
data (M: an integer) depending on the above’-mentioned error déta,'
a divider circuit fqr dividing a clock having a
predetermined,frequency at a predetermined frequency division
ratio toigene:ate'the dfive pulse éignal of the,piezoeléétric
transformer, for distributing the above-mentioned frequency
division ratio for the period of N cycles (N: an integer) of the

drive pulse signal of the above-mentioned piezoelectric




in a predeternined:cycle, an error voltage calculation circuit for

~multiplying the difference data between the output data of the
above-nenti oned snoothing circuit and reig[ence data supplied externally.

by, a constant and for outputting the result as error data, a frequency

setting circuit for multiplying the output data of the above-nentioned

snoothing circuit by a constant and -16 for . setting the frequency of the

drive pul se signal of the piezoelectric transformer as Mbit data (M an
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frequency to generate the drive pul'se Signal of the pirezoelectric

- transfor MereragdedopouR1bighsateb LAM tHbl KhdolineraROKGIRA! haned

, piezoelectric franstormer. In accordance w Re present Tnvention
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digitalizat&ggcgittg§ ﬁieéﬁglectric transforner-driving circuit. A

pi ezoel ectric .transforfer-driving circuit in accordance with the present
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and driven ﬁ%eﬁggleéﬁgﬂe”?%aﬂgfgrﬂ%EYe pul se signal, a current detector for
a loa oW ng

) det ecting current rough t he above-nenti oned col d cat hode
“tube, a rectifyin i ' »quﬁer ' ' e like AC volta
obtained fromt hegIa oévée:éjdnrita%%r%ene curéﬁeﬁn%%eﬁ%er{:}ie& ieﬂt&oé" fm%elaf DC

vol t age, described above, the frequency division ratio of the drive pulse

he

signal is distributed, and therefore, the resolution of the
:average frequency is improved, and it is possible to obtain a
piezoelectric transformer-driving circuit capable of obfaining
a frequency for setting the brightness of the cold.cathode tube
at a desired Value.

A plezoelectric transformer-driving circuit in
_accordance with the present iovention from another point of vieﬁ
comprises:

a plezoelectric transformer supplied with a controlled
-current to be supplied to a cold cathoce tube and driven at the

: frequency of a drive pulse signal, |
| a current detector for‘detecting a load current flowing\
through the above-mentioned cold cathode tube,

a rectifying circuit for converting a sine wave like AC‘
voltage obtained from the aboveementioned current detector into

a substantially DC voltage,




-17 a conparator for conparing the rectified voltage signal with a
predeterm ned reference voltage and for outputting "H' |evel data or "L"

| evel data, a counter circuit for countjigfthe out put data of the
above-nentioned conparator for a predeterfined period, a snoothing circuit
for snmoothing the count data output fromthe above-nentioned counter
circuit in a predeterm ned cycle, a selector circuit for selecting the

out put data of the above-nentioned snobothing circuit or the output data of

t he above-nention ‘ﬁ%ﬂ“éﬁn&éfﬁéﬂ? égmgéégﬁﬁw%éytEﬁggﬁéfg?éggggéﬁgldata,

an error voltage cal culation circui or | Ag t hé dat a
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reference data suppli xterna y a constant~a

result as e t requency setting circuit for setting the frequency
of the driv%{g%Fgg g%gﬁ%i'of t he piezoelectric transforner as Mbit data
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: a frequency setting circuit for.settihg the frequency of
the drive pulse signal of the piezoeledtric transformer as M—'pit
data (M: an integer) in accordance with the above-mentioned error
data,
a dividervcircuit for dividing a clock having a
' predetermined frequency to generate fhebdrive pulse signal of
the piezoelectric transformér, and
a power transistor for driving'the above-mentioned
- plezoelectric transformer, wherein
the frequency division ratio of the above-mentioned
'divider circuit is distributed in thebperiod ofvpredétermined
cycles, and the frequency division ratié atlthe (A0 * 2° + AL
2 4 e v An-1° 2™')th cycle (wherein, in the above-mentioned
expression, Ax represented by A0, Al, *« * -, An-l is énumerical
- value, 0 or 1) is given from the low-order n-bit data (BO* 2°
+B1°*2' +°+** +Bn-1°2"'; where, in \the above-méntioned expression,
Bx iepresented by BO, Bl, * * *, Bn-1 is a numerical value; 0

or 1) and the high-order m-bit data C (C: a decimal number) of



circuit. A piezoelectric transformer-driving circuit in accordance with the
present invention from another point of view, wherein the output voltage

t hereof is changed by changi ng the freqyﬁgqy of a drive pulse signal to
control the current flowi ng through a co cat hode tube, conprises: a

- current detection circuit for detecting a load current , a rectifying
circuit for converting a sine wave |i ke voltage obtained fromthe
above-nentioned current detection circuit into a DC voltage, an A/D

converter fghe B BbRE dd¥pUCEEbAItah YBLLRUFRERIBALA {éﬁxgerﬁ;g SEeing

signal, an error voltage calculation circuit tiply

data betweegi}+B810UbRuthdakalfb P§§6§Qg¥ggggghingd Al D converter and

reference data supplied externa constant ~and for outputting the

result as error da .a frequ Y Seting circyit for setting the frequency
of the drive pul sei%?g%a 1019" ?ﬁg ;ﬁslezéé‘l %ct‘*ri c transforner as Mbit data

‘dependi ng on the a - tjoned errg ta, _a.diyider circuit for
pePfornigg frequehgsxﬁiCF@i%n.ai'thé §'ti§8'édd%é of cl ock ﬁéViﬁ&)a
‘predet erm ned fregpe -19 t enerat g~the drive pul se signal of the
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above-nenti o divider circuit or 't rirvé-pul'se signal

above- nenti gped h%%ﬁ?ﬁ%ﬂedgé processing circuit and for outputting the
sel ected pul'se signal, “and

In accordance with the present invention configured as
deséribed abdve, the levels of the low frequency components.
become lower, and therefore, it is possible to obtain a
plezoelectric transformer-driving circuit‘capable of
suppressing the flicker phenomenon that is apt to appear as the
frequency 1s lower or as the level of the change in brightness
is larger.

A piezoelectrid transfofmer-drivingvcircuit in

 accordance with the présent invention from another point of view
comprises: |

a plezoelectric fransformer supplied with a controlled
current to be supplied to a éold cathode tube and driven at the
frequency of a drive pulse signal; |

a current detector for detecting a load current fiowing
‘through the above-mentioned cold catﬁode tube,

| a rectifying circuit for convefting a sine wave like'AC

voltage obtained from the above-mentioned current detector into




a power transistor for driving the piezoelectric transfornmer, wherein the
frequency division ratio of the above-nentioned.divider circuit is
distributed for the period of N cycles of ,the drive pulse signal of the
above- nenti oned piezoelectric transformer so that the average frequency
division ratio for the period of N cycles is substantially equal to the
val ue obtained by dividing the Mbit data output fromthe above-nenti oned

. frequency setting circuit by N and so that the fluctuation of the frequency

di vi si on ragi gubgtahtealay ¢ quwagggles is one or less. A piezoelectric
transformer-driving circuit in accordance with the present invention from

anot her point of vigws/Bhesgi8rtbe £ peanvekﬁigg Eﬂsrﬁegtggigaaogi%g&

changi ng the frequency of a drive pulse signa contro e curren
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circuit for detecting a load current , a“rect circ
a sine wavechpkg,Kvol tage obtained fromthe above-nentioned current
detection circuit into a DC voltage, an A/D converter for converting the
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constant and for outputting the reSult_as error data,
- a freQuency'setting'circuit for Setting the frequency of
" the drive pulse signal of the piezoeléctric transformer as M?bit
kdata depending‘onvthe above-mentioned érror data,

a dividér circuit for dividing a clock having a
_predetermined frequency to generate the drive pulse signal of
the piezoelectric transformer, and

| a power transistor for driving the above-mentioned
piezoelectrié tranéformer.

In accordance with the bresent invention configured as
‘described above, a high voltage detection resolution can be
obtained even if a low-bit A/D converter is used, thereby having
a great effect in reduc:l.ng cost., in addition,. it is not necessary
to install a large-capacitance capacitor, and.therefqre, the
space for parts can be saved, theréby being highly effective in

making compact video apparatusés more compact.




of the drive pul se signal output fromthe above-nentioned divider circuit
dependi ng on power supply voltage information from an external

m croconputer system and a power transistor for driving the piezoelectric
traps fornmer . A piezoelectric transfor -driving circuit in accordance
with the present invention from another point of view, -21 wherein the

" output voltage thereof is changed by changing the frequency of a drive

pul se signal to control the current flow ng through a cold cathode tube,

Conpri ses: 2 cur (Al pllgk861bBRLEL ErhhotOimUELAFLL Mot AR EULLN . 2

rectifying circuit for converting a sSine wave I Pned from

Lhe above- TBBELRARACEULERLPRECHERE Malidiitor BEBnCRRNLNE! L3TRy. O A

converter for converting the recti age Signa
signal, an gbhﬁgiggggage calculation circuit for nmultiplying the difference
data between the output data of the above-nentioned A/D converter and

ref erence data supQIﬁfgzgéigégguy%pgn&&ﬂpé{_fgq%ffﬂ%%g{jh‘%ﬂ g;:[c}i n t%t'a

result as error data, a peak detection CiTtcul : _
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“nverti gt ReSBaract e (e e Byd s teBRYs o ror data depending on the
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through the above-mentidned cold cathode tube,
a half-wave rectifying circuit for half-wave rectifying
a sine wave like AC voltage obtained'from the above-ment;oned
current detector, | |
a comparator for comparing the half-wave rectified
- voltage signal‘with a predetermined refeience'voltage and fof.
outputting "H" level data or "L" level data,
a pulse width detection circuit fof detecting the pulse
width of the output data of thé'above-mentioned comparator,
| a smoothing circuit for smdothing the'pulse.width_data
output from the above-mentioned pﬁlse width detection_circuit
in a predétermined cycle,
an error voltage calculation circuit for multiplying t_he
difference data between the output data of the above-mentioned \
smoothing circuit and'reference data supplied externally by,a_‘
constantland for outputting the result as error data,
a,frequencf;setting circuit for multiplying the output

data of the above-mentioned.smoothing circult by a constant and




the drive pul se signal of the piezoelectric transformer by adding the

out put data of the above-nentioned polarity inversion circuit to the
previ ous frequency setting value, a divig%r circuit for dividing a clock
having a -22 predeterm ned frequency at~a frequency division ratio
dependi ng on the output data of the above-nentioned frequency setting
circuit to generate the drive pulse signal of the piezoelectric
transforner, and a power transistor for driving the above-nentioned

Pecordance G fnoeRE AR The SrloRety e thel GBI er EURER UeRAe Rt S ci n
the out put PQEE@QQeEQ%F%?%rE%s%%&ﬁ@&?F%yNﬁ%&%gbggaaqg{freq SRG%Qh a drive

pul se signal to contro e curre ow ng th c& &Q'tube,
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rectifying circuit for converting a Srne Wave ! PHi led from
converter fBrcasasenineC ik oUibREY, 28 ShhFtate G driiniiiiit wydiiat of
signal, an @hgogiggbgiggéqup%#%%%%%gﬁ%%gchéﬁi?gnnurtipIying t he difference

.data between the output data o ed A/D converter and
reference data suppl | xternally by_.a_cgnstant d for outputting_the
result as error da a#8g§%e5§a83#§¥?Foﬁ°Ei$E§Y£n9ogﬂﬁoPBPHS'PﬁBteﬁPth dat a
of the abov [ conyerter for a predeterm ned period and for
conpari ng tﬁ%g§§?%§?%g%?;Qﬁ??ﬁ%ﬁFBW%bus data to detect the resonance point

of the pi.ezoel ectrig §LaNSEORIE wysn Eéggpresent invention configured as
described above, voltage detection is carried out‘by using the
half-wave rectifying circuit and the comparator,'therefore;
voltage detection is made possible with high eccufacy by using
a simple and low-cost configuratioh, whereby the effect thereof
is significant in the digitalization of the piezoelectric
fransformer-driving circuit.

A piezoelectric transformer-d:iving circuit in
accordance with the present ihvention from another point of view
comprises: |

a pilezoelectric transformer supplied with a‘controlled
current to be supclied to a cold cathode tube and dfiven at the
frequency of a drive pulse signal,

a current detector fcr detecting a load current flowing
through the_above-mentioned cold cathode tube, |

a rectifying circuit for converting a sine wave like AC
vbltage obtained from the above-inentioned current detector into

a substantially DC voltage,




a frequency setting circuit for adding the above nentioned error data to

t he previous frequency setting data and for outputting the result; a

sel ector for selecting the output of theI?bove ment i oned frequency setting
circuit or the frequency setting data at “the previous N-th tine and for
outputting the selected data as the frequency setting data of the drive
pul se signal of the piezoelectric transformer, a divider circuit for
dividing a clock having a predeterm ned frequency at a frequency di vi si-on

t d di - t
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pl ezoel ectric transforner rrving circulit 1n-accor dance ent

invention fy{apenghigr opORfli nggieﬁ gyherein the output voltage thereof i's
changed by changing the frequency of a drive pulse signal to control t he

current flow ng tkgc&gﬁh dégrggigoggrtggﬁ?%g@gpééégg?sﬂ ﬁu&eg g %ectlon

circuit for detecting a current, a vo
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circuit for detecting the sine-wave € vo

bt ai ned from the & Sy aRIEdddie 2 sbathTnd, e {Gitns dihq Buieh
whi chever | apggr thé”?b&% -HeR %hiefig chlificke! Eg?ﬁu'gﬁteggﬁgp[)glr"glp 2 eined

t.urning-off circurt er|o ica ni-ng
above- nentle g?evoltage detectlon CIrCUIt for a predeterm ned period, an
A D converter for converting the rectified voltage signal into a dlgltal

signal, a lighti nge.q,‘:'é R0 cc.l.\ﬂ]cgil;]it{ £ giég%ﬁﬁ Blhggoﬁ)#pggtda\./gal. toalig% he

t he A/D converter at t e tine he "abov
above-mentioned smoothing circuit or the output data of the

above-mentioned counter circuit and for outpﬁtting the selected
data, .

an error voltage calculation circuit for multiplying the
difference data between the output data of the above-menfioned
selector circuit and reference data supplied externally by a
constant and for outputting the result as error data,

a.frequency‘setting cireuit for setting the frequency of
the drive pulse signal of the piezoelectric transformer .e.s Mebit
~data (M: an integer) depending on the above-mentioned error data,

a divider circuit for dividing a clock having a
predetermined frequency to generate the drive puise signal of
the piezoelectric transformer, and

a power transistor for driving the above-mentioned
piezoelecfric trensformer. |

In accordance with the present invention configured as




turning-off circuit is on and for judging the lighting of the cold cathode
tube, an error voltage calculation circuit for nmultiplying the difference
data between the output data of the abovegnenti oned A/ D converter and
reference data supplied externally by a CTonstant and for outputting the
result as error data, a selector for selecting the above-nentioned
reference data at the tine of |ighting or the above-nentioned reference
data at the tine of start and for outputting the selected data, a frequency

setting ciraesérivedsebbvay vo1tagbi abtbeequan t BEnt | nd
- for adding the above-nentioned er?or dat a ?gﬁtﬁ)é‘lg%gvfagasbgfgg%éﬁtggﬂtszgtati ng
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circuit for dividing a cl term ne

frequency dini&a@tishi 0adspPgRdEngant Lyt |
above-nenti oned frequenc?/ se?ting ? Eggeg:ﬂr%l ?ggéiggée%gﬁetpﬁe drive

pul se si gnadigitalezate8RbeCtRLCpiesBalgEFRic PREnarBRRL HEARILYLor for

driving the above-nentioned piezoelectric transfornmer,
frequency ogitbgiflli ve pul'se signal of the above nentioned piezoel ectric
transforner is held constant at the tinme when the above-nenti oned

turning-off circuii pfiefb1detd£306-5¢F féﬁ“éfgaé\]ﬁe‘?{ﬂglr%&%‘%/igg circuit in

~accordance with the present 1 nvention from ano @W wherein

the out put a@ébfasnébﬁﬁﬁﬁitﬁép&%@ﬂﬂﬁf+&¥eﬁ@f§ﬂkgggﬂﬁﬁo{ﬂ$%¥§§§ﬁb§§Vﬁﬁ%@iVe

pul se si.gnal to control the cdrrent oW ng a co
conpri ses: ghereiRNthEeSEEHhOVELELH e edBlHrld q §d gty
rectifying circuit for detecting tiﬁ%'é‘stl: ne ‘Y/\/aveieslpHElé%\?% .3’ eco%nﬁ%gdt?‘?om
the above- r@f‘éq&éﬁéyﬁdﬂ‘ 'é.e&\t:iﬂé’tp‘%ﬁ:%@gignal to control the current flowing
through a cold cathode tube, comprises:
a current detection circuit for detecting a load current,
a rectifying circuit for converting a sine wave like
voltage obtained from the above-nmentioned current detection

circuit into a DC voltage,

an A/D converter for converting the rectified voltage
signal into a digital signal,

an error voltage calculation circuit for multiplyiﬁg the |
difference data between the output data of the above-mentioned
A/D'l converter and reference data supplied externally by a
constant and for outputting the result as error data,

| a frequency setting circuit for setting the fréquency of

the drive pulse signal of the piezoelectric trahsformer as AM-b:I.t ‘
data depending on the above-mentioned error data‘,

a divider 'dircuit for performing frequency division at

the positive edges of a clock having a predetermined frequency




circuit and for converting the voltage into a DC voltage, an A/ D converter -
- for converting the rectified voltage signal into a digital signal, a
lighting detection circuit for detecting Bhe out put voltage of the A/D
converter and for fudging the |ighting ot?t'he col d cathode tube, an error
voltage calculation circuit for multiplying the difference data between the
out put data of the above-nentioned A/D converter and reference data
supplied externally by a. constant and for outputting the result as error

dat a, - 26t@ &é& y t & Cy it ettipng an,initial frequency at
the tinme of stgrfggﬁgsfgﬁga E?ﬂ% #ﬁ%g%bggggﬁénéﬁoﬁgﬂ 8??59335F5r98 t he
previous fregaggeyrmekti ng data and outputting the result at the next tine

and thereafter, a divider circuit for dividing a clock having a :
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current f'O&iPSui@rQH&hfarCQ&Qp&@%PRQGthgbgblgg &iﬁﬁise signal, and
| a power transistor fqr driving the plezoelectric
transformer, wherein
the freqﬁgncy division ratio of the above-mentioned
divider circuit is distributed for the peribd of N cycles of the _
drive pulse signal of the above-mentioned plezoelectric
i:ransformer so that the average frequency division r'atv:.ib for thé
| peridd of N cyclés i1s substantially equal to the value obtéined
by dividing the M-bif data output from the above-mentioned
frequency sefting circuit by N &nd so that the fluctuatioﬁ of
.thé frequency division ratio for the period of N cycles is one.
or less. |
A pilezoelectric tfansformer;driving circuit in
accordance v)vith the present ihvéntion from another point of view,
wherein the output voltage thereof is changed by changing the

frequency of a drive pulse signal to control the current flowing




-27 a current detection circuit for detecting a load current, a voltage
detection circuit for detecting the output voltage of the piezoelectric
transforner, a rectifying circuit for de%%pting the sine wave |like voltage
obt ai ned fromthe above-nentioned current®“detection circuit or the sine
wave |ike voltage obtained fromthe above-nentioned voltage detection
circuit, whichever larger, and for converting the voltage into a DC
voltage, a turning-off circuit for periodically turning off the output of

the above- MggLbARRTaY@L1AURURLAG! kAReC liealalls.a Predet ermined peri od

an A/ D converter for converting the recti t'age signal into a digita

i gnal I : . ey . : t di i
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t he next ti t after, -~ ivider circuit for dividing a clock
having a pre g?@?%iﬁ@@%fPééheﬁgét 4 frequency division ratio depending,

RS SN R o g R gt AT
signal into a digital signal, '

an 'error voltage calculation circuit for multiplying fhe
difference data.between the output data of the above-mentibned
A/D converter and referénce data supplied éxternally by a
constant and for outputting the result as error data,

a frequency setting circuit for setting the frequency of
the drive pulse signal of the piezoelectric transformer as M-bit
data depending on the above-mentioned error data,

a divider circuit for dividing a 6lodk having a
predetermined frequency to generate the drive pulse signal of
the plezoelectric transformer,

a pulse width‘setting circuit’for setting the duty ratio
of the drive pulse signal output from the above-mentioned divider
circuit depending-on power supply voltage information from an
external microcomputer system, and

a power transistor for driving thevpiezoelectric

- transformer.
| A piezoelectric transformer;driving circuit in

accordance with the present invention from another point of view,




an output enable circuit for controlling the output of the drive pul se
signal output fromthe above-nentioned divider circuit, an abnormality
detection circuit for detecting the outpgﬁ_voltage A of the above-nentioned
A/ D converter when the above-nentioned tUfning-off circuit is on or for
detecting the output voltage B of the above-nenti oned A/D converter when

t he above-nentioned turning=off circuit is off, a protection circuit having
functions for outputting a reset signal used to switch the frequency data
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and the output voltage B is not n € predetermned level; and a
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’ for-compéring the output data.with previous déta to detedt the
resonance goipt of the pilezoelectric transformer,
a polarity inversion circuit for inverting the polarity
 of the above-mentioned error data depending oﬁ the output data
of the above-mentioned peak detection circuit
a frequency setting circuit for setting the frequency of
thedrivepulsesignalofthébiezoelectrictrﬁnsformerbyadding
the output data of the above-mentioned polarity inversion

circuit to the previous frequency setting value,

a divider circuit for dividing a clock having a




-30 into a highly accurate digital signal by using a sinple | ow cost
configuration while highly accurate control performance is attained,

t hereby being effective in obtaining a piezoelectric transforner-driving
circuit for greatly contributing to enhaf img cost nerit in the LSI
formation of the driving circuit, thereby being greatly effective in making
conpact vi deo apparatuses nore conpact and |lower in cost. Wile the novel
features of the invention: are set forth particularly in the appended

Cnder st bod End sparnened b Safnd ot d¥hdRldily Bl %??é?%&%“ﬁé&ﬁ%ﬁ%ﬁ o
under st ood and : i AR TSR] Scve Sand Fettedepeniduor
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the configu | ' rig.transformer-driving circuit _in

accor dance é\nitkﬁag%%lﬁ?‘girﬁ l Ho? R%h%’%b\!%spel}s‘il[s? %S‘@r’?lailoﬂ? EPigzoelectndicg
wavef orm di | tratisng the operation of the enbodinent 1 of the
pr esent invggéﬁgﬁ?kbﬁéf ghps a timng waveformdiagramillustrating the
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FlG 7 s atePRRasREE Tl cRb dredt FRYERFAof fagnobhz Toint of view.
wherein the output voltage thereof is changed by changing the
-frequency of a drive pulse signal to contiol the _currerit flowing
thfough a cold cathode tube, comprises:
a current detection circuit for detecting a load current,

- a rectifying circu;t for conve;ting a sine wave'like
voltage obtained from the above-mehtioned current detection
circuit into a DC voltage,

an A/D converter for converting thenﬁedtified voltage
signal into a digital signal,

an error volté.ge calculation circuit for multiplying the
difference data bétween the output data of the above;mentioned
A/D converter_and.referende data supplied externally by a
constant apd for/outputting the result as error data,

a peak detection dircuit for holdiﬁg the oufput data of |
the above-mentioned A/D converter for a predetermined period and
for comparing the output data with previous data to detect the

resonance pointﬁof the piezoelectric transformer,




operation of the distribution circuit of the enbodinment 2 of the present
invention; FIG 8 is atimng waveformdiagramillustrating the w operation
of frequency division ratio distribution_in the enbodi nent 2 of the present
invention; FIG 9 is a block di agram showidng the configuration of a /
pi ezoel ectric transfornmer-driving circuit in accordance wth enbodi nent 3
of the present invention; FIG 10 is a tim ng waveformdiagramillustrating
t he operation of the enbodiment 3 of the present invention; FIG 11 is a

tim f di ' t ibng th L ncipl f th nbodi t 3 of
the present i nvent 2 okrepnehé;saktify RErB Bl P! afgiag: £he: APaTerat i ng
th I nci ' 3 th ' tion; FIG 13 i
bl ock i agr Aarenoara:EFRaE BFFS g Bhecrerldis rastiaiiny setting data and
t f I W ' A d i t h anot her | f th

ransf or rrer?acgs.:c %P%gugtri% Etr%ezf%%ance wi th another exanple of the

enbodi nent présen ; FIG 14 is a timng waveform di agram
illustrating the a's?é%.e e ot her exanple of the enbodi nent 3

of the present inventron: eqr'—rla%fi’g%g Te§tt ng T oYtRYrRE §heahnyementioned
wth enbod tEsRusAgy BREEARGENFCRI DTt (ir CrPauensY: Sei tine: dgtacoram
Mnvention: EREVEPYS Y- R, PRRRCENE o antiigiag FhRuseiactag Ehta gpertas on
on oo Se S et 58 A 5 s et o 1
accordance \giﬂ_g%o%gg%g%écgl %%ls%i of the enbodi nent 4 of the present

i nvention; OfJi®Im showi ng the configuration of

- a divider circuit for dividing a clock having a
predetermined frequency at a frequency division rati§ depending
on the output data of the above-mentioned selector to generate
the drive pglse signal of the piezoelectric transformer; and
| a power transistor for driving the above-menfioned
piezdelectric fransformer.

A piezoelectric transformer-driving circuit in
accordance with the present invention from.another point of view,
wherein the output voltage thergof is changed_by chang‘ing f.he
frequency of a drive pulse signal 'to control the current flowing
through a cold cathode tube, c.c:mprises:

a current detection circuit for detedting a load current,

;_voltage detection circuit for detecting the output
voltage of the piezoelec’:t_ric .tranSformer, |

a rect:l.fying circuit for detecting the sine bwavé li-ke |
voltage obtained from the above-mentioned current detection |

circuit or the sine wave like voltage obtained from the




a piezoelectric transformer-driving circuit in accordance with enbodi nent 5
of the present invention; FIG 20 is a timng waveformdiagramillustrating
t he operation of the enbodinment 5 of the_present invention, FIG 21 is a
wavef or m di agram showi ng the change in R Trequency characteristic of the
pi ezoel ectric transformer; FIG 22 is a viewillustrating the operation of
a conventional piezoelectric transfornmer drive portion;, FIG 23 is a view
illustrating the operation of the conventional piezoelectric transforner

drive porti aBvaLﬁeP%iohédax}_@l%éed RUP A0 WG he SNV 4o g 2

pi ezoel ectric transformer-driving circurt in

embodi ment _Gnaf £ohe BRGRER g W vl eoHeCy 2R 1S re WaygLorm di agr am

showi ng the operation timng-of" Iving cir %nbodi ment 6;
Circuit of the enbadt Sang OFf B0 L o BtAad oty Whdring ot ishe
waver or mdi ST RRcoRBwHS TREvETRERE LR e Yo b tes TateaF oR GLERTELEO R (he
Che dr i vi ngPEeReeraapel B Tl 67 FlG 30 1< a wavel orm df agram
FIG 39 i a oiroutl A BoPRRvEREREnEOE EoRReEr LBdchDE FacEAELeR pLtane ne
driving bi r%ﬂ.ighfaﬁ.f ﬂﬁ% gnt&q_gi;{leagt A ; FI.G 32 is a block diagram show ng the

configuration~of "a"piezoelé rmer-driving circuit in accordance

with : a lighting detection circuit for detecting the output

‘voltage of the A/D converter at the time when the above-mentioned

’ | turniﬂg-off circuit is on and for judging the lighting of the
cold cathode tube,

an error voltage calculation circuit for multiplying the
difference data between the output data of the above-mentioned
A/D converter and reference data suﬁplied externally by a

- constant and for outputtiﬁg the result as error data,

a selector for selecting the above-mentioned reference
data at the time of lighting or the above-mentioned reference
data at the t:Lme of start and for ouiputting'the selected'data,

a frequency setting circuit fer setting an initial
frequency at the time of start and for adding the above-mentioned
error data to the previous frequency setting data andvout-putting
the result at the next time and thefeafter,

a divider circuit for dividing a clock having a

predetermined frequency at a frequency division ratio depending

on the output data of the above-mentioned frequency settirig'




enbodi nent 7 of the present invention; FIG 33 is a circuit diagram show ng
the pulse wdth setting circuit of the piezoelectric transforner-driving
circuit of the enbodinent 7; FIG 34 i s_g wavef orm di agram showi ng t he
operation timng of the driving circuit P the enmbodinent 7; FIG 35 is a
bl ock di agram showi ng the configuration of a piezoelectric
transfornmer-driving circuit in accordance with -34 enbodi nent 8 of the
present invention; FIG 36 is a circuit diagram show ng the peak detection

circuit of theciezee!Rudrdard RS (s " TRVA W CHi th nhqdi, nent
8, FIG 37 is a waveformdi agramgi ??ﬁg éﬁérleg%?%g%%p‘g#a tlleg%ic?fzeé’teﬁ‘?c%ﬁl\ﬁ ng
circuit of thansebeflbgengnd; FIG 38 is a waveform di agram showi ng the

operation timng of the driving circuit of the enbodinent 8, FIG 39 is a

bl ock di agram shov Ngowdie €L EI8EE: £8x Ofir gﬁgﬁg@%?ﬁ%ﬁ{rggmgptiﬂgegr esent

transforner-driving circuit 1n accordance w

i nventi on; Bi@zoéerﬁri‘cCiti-Sﬂ'Hfo%gg_f a%_%g_g%pg ‘a second peak detection

circuit of the piezoelectric transtornmer-driving circuit of the enbodi nent

0 eFish et ¢ £ anePl SRR U AR RS Bk o, o
enbodi ment BonEreneq P kAo ORLS L raRatoTIF, £7 bh1R FoRPt ARt Brcrls ftafeor
the piezoel gabh enbr 88348 ABAtIOhY" ¢uthiRY b8 iSO TNt O

"A p:l.vezoelectric tfansformer-driving ‘¢ircuit in
accordance with the present invention from another point of view,
where;n the output voltage thereof is changed by changing the
frequency of a drive pulse signal to control the current flowing
through a cold cathode tube, comprises:

a current detection circuit for detecting a load current,

a rectifying circuit for detecting the sine wave like
voltage obtained from the above-mentioned current detection
circgit and for converting tﬂe voltage into a DC voltage,

.an A/D converter for converting the ;éctified voltage
‘signal into a digital signal, | -

; lighting' detectlon circuit for detecting the output
voltage of the A/D converter and for judging the lighting of the
cold cathode tube, |

an error voltage calculation circuit for multiplying t.he ‘
diffefence data"between the output data of the above-ﬁenfibned
A/D converter and J;eference dafa supplied externally by é.-

constant and for outputting the result as error data,




FZG 44 is a block diagram showi ng the configuration of a piezoelectric
transfornmer-driving circuit in accordance with enbodi nent 10 of the present
i nventi on; .35 . FIG 45 is a bl'ock di,agram showi ng the nain

configuration of the embodi nent 10; FIG 2% is a waveform di agram showi ng

t he operation of the main configuration of the enbodiment 10; FIG 47 is a
wavef orm di agram showi ng the operation timng of the driving circuit of the
enbodi mrent 10; FIG 48 is a waveform di agram showi ng the operation tim ng

of the driving ci rgu'ffe@ﬁeﬁgf ggpeghg}eglrégitﬂf& égt{:fna aRl ?ﬁ%tg% gram

showi ng the configuration of” a piezog&lectric transtorner=driv cuit in

accordance ¥refueRB9H ik tin@br £aPE G ¥ot @éﬁ%{qp : g EH%Y@S‘BPQ:J%“&& ric

circuit diagram showi ng the restart processing ClicuOl

transf or ner b ddt & itoChd Sﬁ:fev.ti%se @g&thggggr%ﬁ tni;r{%cﬁdpgéi %r?%%utmt%\équﬁgg

di agram show ng the operati timng o

enbodi ment  ihe Eggulﬁza{stgﬁbh%% FI-Tely ?‘[@ds_t{?l\@ﬁ&fghe configuration of a

pi ezoel ectric transfornmer-driving circu i n"acc Sfce with enbodi ment 12
of the present invgngiejas! LS Cj Li. di agram show t he
abnormality det ect?o’?\igﬁ%ﬁi ’i%'%?&%%efglre%gyégf?gi 2 .Fiﬁﬁgfﬁ?ﬁgﬂgd?i vi ng
circuit of | t ; 4 i vefarm.di.agram show ng .t he
oper ati on t PECoSEaRhBA e2dquthly atla, Sl RuguryBRoAR 2 Bepaditng.
enbodi nent X - [ % I_agr.am shqow ng t he operation
timng of t%é ngzggFE({:l?r Pg%ta r g’rﬁ?ft\g%ngrb%%-\%eﬁgigﬂg&#eéwg _ dettling
circuit to generate the drive pulse signal of the piezoelectric

transformer,
an output enable circuit for controlling the output of
the drive pulse signal output from the above-mentioned divider

circuit,

a power transistor for driving the above-mentioxied
piezoeléctric transformer, and

a restart processing circuit that disables the above-
mentioned output enable circuit if the above-mentioned lighting
detection circuit does not judge that l:l.ghting is attained even
after a predetermined period has passed a.ndb sets the frequency
setting data output fromlthe above-;nentioned frequency setting
circuit at the initial frequency to perform restart processing.

A plezoelectric transvformer-driving circuit in
accordance with the present invention from another point of view,
wherein the output voltage. thereof is changed by changing the
frequency of a drive pulse signal to confrol the current flowihg

through a cold cathode tﬁbe, comprises:




enbodi nent 12; FIG 56 is a block diagram show ng the configuration of a
pi ezoel ectric transforner-driving circuit in accordance with enbodi nent 13
of the present invention; FIG 57 is a CI%CUIt di agram showi ng t he status
detection circuit and the cl i pping circut of the pi ezoel ectric
transforner-driving circuit of the enbodinent 13; FIG 58,1s a circuit
di'agram showi ng the replacenent circuit of the piezoelectric
transforner-driving circuit of the enmbodinent 13; FIG 59 is a waveform

cirouit of the oniodrEs P‘*péé@é#@f’ﬁ f%i%éé%?%?ﬁ%%#%ﬁéﬁf?#r ety
h f I d
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enbodi ment Qf |ezoel gtric transf r driving circuit_ in accordance
with the prgg’ﬁﬁ‘?g nVEnitF’ wﬂé(edgég‘r‘; W&}t@éieo\ﬂbd&?ir”@lderfr’:i% et he

acconpanyi ng, draw n <<Enmbodi. nent 1 is a block diagram show ng the
Confrgurgt|gH ye- me%%io Jitage d%teé%ion circuit, whicﬁ%ver 1argeé{

and for oonverting the voltage into a DC voltage,
a turning-off circuit for periodically turning off the
output of the above-mentioned voltage detection circuit for a
predetermined period,
an A/D converter for converting the rectified voltage
signal into a digital signal,
an error voltage calculation circuit for multiplying the
difference data between the outputfuata of the above-mentioned
A/D converter and reference data supplied externally by a
constant and for outputting the result as error. data,
a frequency setting circuit for setting an initial
| frequency at the time of start and for adding the above- mentioned
error data to the previous frequency setting data and outputting
the result at the next time andvthereafter,
| ‘a divider circuit for diﬁiding a clock_having'a‘
predetermined frequency at a frequency division ratio depending‘
on‘the output data of the above-mentioned freguency setting

circuit to generate the drive pulse signal of the plezoelectric



a piezoelectric transfornmer-driving circuit in acvordance with enbodi nent 1
as an enbodi nent of the present invention. FIGS 1, 2, 3 and 4 are timng
wavef or m di agrans showi ng t he operations gﬂ t he piezoel ectric
‘transforner-driving circuit. In FIG 1,'& pi ezoel ectric transfornmer 1 is a
vol tage transformati on device for taking out an anplified voltage, and a
vol tage controlled by the piezoelectric transforner 1 is applied to a cold
cathode tube 3 for light em ssion. A current detector 4 detects the current
flowi ng threwghskRemep! d cathode tube 3 and converts it into a voltage
signal. A recti?ying circuit 5 rectifies the sine wave |ike voltage signal

~output fromthe CULHK € egﬁ% 4, ;ﬂ_l]g ts 141 vol.tage. An
Al D converter 6 conveﬁgﬁlﬁe ]\'/eol(f age fog%ﬁ orx%)érﬁ‘%jf;%fi}ic&% ﬁlhtd? i roéﬁi t
5 into a di gj $1 t suf ficient nunher, of
bits, 8 or gh%ﬁgﬁyg%&%%pﬁﬁ Alan%gl? §§Et ?%og'bfﬁlgn 7 g?'n"('/?}ﬁg ° @e"&qo%%
accuracy, \"Zgircuit' 38 the sanpling clock input to the. AAD converter 6 has a
frequency erein the response speed required for control can be obtained
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'~ . enable circuit when the above-mentioned output voltage B is less _
than a predetermined 1eve1, and for disabling the output enable
~clrcuit to stop outputting when the output voltage A is less than
the predetermined level and the output voltage B is not le_ss than
the predetermined level; and |
| . a power transistor for driving the above-mentioned
piezoelectric transformer.

‘A plezoelectric transformer-driving circuit in .
accordance with the present invention from aﬁej:her poinf of view,
wherein the output voltage thereof is changed by changing the

~ frequency of a ‘drive‘ pulse signal to control the current flowing

through a cold cathode tube, comprvises:




-39 On the basis of the data Sfreq output fromthe frequency setting
circuit 8, a frequency division ratio distribution divider circuit 9

di vides the frequency of the nmaster clocﬁ y distributing a frequency
division ratio Div so that the average frequency division ratio Div of the
drive pulse. signal for N cycles (N an integer) becones Div = Sfreq/N
This neans that when Sfreq = 15 and N = 4 for exanple, the frequency
division ratio of the drive pulse signal for four cycles is distributed to

"3, 5, 4 and 3" soatldigtrddss d@‘EEEQQSnb@ﬁQ&Fﬁ% :}:‘?rd'dét%c?%{l/glh;l%ﬁ:hs ] dgt]:einnte,d as
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power transistor ies I've pul se signal output fromthe
frequency division
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directly re%%%%fﬂ%‘&%%a and for outputting the result as the frequency

sett;ng-data of the drive pulse signal of the pilezoelectric
‘fransformer,

a divider circuit for dividing a clock having a‘
predetermined frequency at a frequency division ratio depending
on the above-mentioned frequency setting data to generate the
drive'pulse signal of thé plezoelectric transformer, and
a power transistor for driving the above-mentioned piezoelectric
transformer. -‘ |

In accordance with.the present invention configured as

described above, an analog detection voltage can be converted




enbodi ment 1' of the present invention . However, when the step-up ratio of
the piezoelectric transfornmer 1 is insufficient, it is needless to say that
the el ectromagnetic -transforner can be prQvided as necessary. Next, the
operations of the piezoelectric transforfner-driving circuit of the

enbodi mrent 1 configured as shown in FIG 1 will be described on the basis
of the timng -41 waveformdi agrans shown in FIGS. 2 to 4. The sine wave
| i keformshown in a dot linein (a) of FIG 2 'is a voltage waveform

bt ai ned b d 4 I f IS, | |
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bstanti al L ~ t _thi i i | int
contr ol | abl 5 BREESFHBESartlad STkl 80K ety FopE n B g oy he
rectifying %hflﬁﬂhﬁ. ?Qgﬁﬁﬁ%mi?%eq [ n[F DC g_l ta ignal. In (a) of FIG
2, the a F4F 1 iehg b Sormatisn o, iriparc .
fro%?h\éva\r/:%gii_n!ng g?rguit 5, Neé%v the rectified DC volta :gmgi gnglpﬂ-:;ts.
converted into fghg BPdrEaereakly 58%3"9 5'Hem NGo FPEPAST yideg: the'
tim ft |.i | ock sh i b) of FIG 2. Th data V
which i s t nASBAFRLR=gR BRESsPBPACH PaflcleRPELL: FGtei rcui t 7 to which fhe
digital si | Vadl s, i t, ined by the foll ow | cul ation. V
TR et vaay i e B psth T deR thEemn e, ERey ChEeRtien arermes ToBth
h i d « Jh t put he A/ D t 6. at ‘the ti wh
"t o obatsPuSorty TH°GRY, Bl Ko SPREPLEShnaBh, WGHH 4F 5"
error. data 8&& Eggzgrttrlghvé Idt %%e cal cul ﬁ#_b_o circuit 7 is sho in (e) of
FIG 2. The &rror: S hBecpeLter |“E‘§Gé‘sééﬂ\gg‘u|a£‘ﬁ
circuit 7 ?g? rarhi%gato ih ffﬁ ue 2 s ttiﬁ ci coit 8 . Inthe f?g'uency
setting cir cB?t'L;1 g atPls 2 ?ﬁ?w&%°6é¥¥ oﬁge &%eﬁ“é(fu%reﬁrié@?ﬁ%fs, g
I S S ' t..In th di vi si ti
st 1 but § ofol e bR PRy Hiteig <3 giteteon FakeBt R Sahsnasy oBuvi € e
t he averaged}r%gﬁgncy division ratio Div of the drive pulse signal in N

cycl es becolmee 3q/N as descri bed above. Exanples of the output signal

fromthe frequency division ratio distribution divider circuit 9 in the
condition of N=4 are shown in the timng waveformdiagrans in ( a ) of

L o e o DS R e, & 0o "ot o 00K 9 shon 1
. ' FIG. 1 is a block diagr_am showing the configuration of
a piezoelectric transfonﬁer-driving circuit in accordance with
embodiment 1 of the present invention:;
| FIG. 2 1s a timing wavefom dilagram illustrating the
operation of the e}mbodimen‘t 1 ovf the present invention;
| FIGv., 3 is a timing waveform d:l.agram.illustrating the
operation of frequency divisiony ratio distribution in the
embodiment 1 of the ‘present invention: .-
FIG. 4 is a timing.wav'efom diagram illﬁstrating'the '

operation of frequency division ratio distribution in the




,Very shown in (b) of FIG 3 is output fromthe error voltage cal cul ation
circuit 7. In ( b) of FIG. 3, only the data obtained when the output

pul se signal of the frequency setting citguit 8 ( in ( ¢ ) of FLG. 3 ) is
at the "H' level is effective as the errdr data Verr of the error voltage
calculation circuit 7 . Therefore, in the error data, Xis witten at the
positions of unnecessary data, and specific values are thus not indicated.
In the frequency setting circuit 8 , the error data Verr is added to the

present fregmpBaYmeftt hNGsVahde [ roni zation with the output
pul se signal of the frequency!é P§%§%§§t?ﬁﬁé9%39§uit 8, and data Sfreq is

tput at ti tl. t h in F th d V is 2
wheh the first ouimiy: puise froydsR fiflabin Sibyrng A pferGELRBEEE" [ °
'he sum 25 TesPASRRRY BRavaRG SRHLYELT aondiiind WTEN SapoRtbERt G e
(time tl). {hgfeggggn§f&ﬁqﬂb§jbgput to the frequency division ratio '

di stribution er circui and frequency divided and distributed. .
shown in (&) of FIEEes, E(F] ‘87 dufind fbaRhfors “Hanrin 4 L istaet fhe “Bhgec

Four  eyol osoBPeakaar BeC tH Biibodleh® ol 47, £k, prekank. Adyeantaotion 1
cireui 18, ther oby £ of nbSt Rt apeRgusyPERm - Afavet: LEMRECHR LG, HOg
Cirouit § agrdsertPice? Kuis B+ bEERRRRTSn clade ) o HhR smipimant,AchE e 10

to drive theg.,ni e ' ransformer 1. ' . In the above-nentioned
- operation, gﬁghgﬁﬁeigﬁ%ﬁg%PBValue detected by the current detector 4 is

| oner than a desirg

h i wh h itgital sj | Vad-
fromthe AD conver?%?a%uﬁg %ogé?iﬁﬂaﬁaﬁaggFﬁfg#gh%%mliESHQVFE??ngﬁg é?rdr
data V h |t | cul gti i it~7
dat o Vor T CPpaYaribRToE  AEkabat gz o Slall a0 Bt TSRS 3
circuit 9 OﬁﬁﬁﬂhﬁﬁehQ Eh%fdk529%g%%8 Zﬁ%h%P% e division frequency ratio

increases. In other words,” ifit _ 8ficase, the piezoelectric
whorei n the frequenss’ of Hhef e SRR AR havtlfohe antioteiop g
current. 1o PECERELEERELR AN SRR A LS iR st Sortan e oy
e he oo HBSRLBERE 5Bl e PSR AR S ST U2 °Ch onal Ve ok
fromthe A/D convgggeryg 34 a timing waveform diagram illustrating the |
operation of the embodiment 3 of the present invention;

FIG. 11 1is a timing waveform diagram illustrating the
principle of the émbodimént 3 of the présent invention;

FIG. 12 is a timing waﬁeform diagram illustrating the
principle of the embodiment 3 of the preseht invention;

FIG. 13 is a block diagram showing the configuration éf
a piezoelectric transformer-driving circuit in accordance with

another example of the embodiment 3 of the present ilnvention:

FIG. 14 is a timing waveform diagram illustrating the




6 is higher than the reference data Vref , the operation opposite to that
descri bed above is carried out, whereby the step-up ratio of the

pi ezoel ectric transfornmer 1 lowers, and the current flow ng through the

col d cathode decreases. Wen the current 3¢al ue detected by the current
detector .4 becones the desired value by repeating the above-nenti oned

adj ust nent operation, in other words, when the digital signal Vad output
fromthe A/D converter .6 3.s equal to the reference data Vref, the error
data Verr. out gut Er om%hg erﬁor vol tage calculatjon circuit 7 becones zero,
and the fre§BERBYLBP Ahthepther sxample gf dhe enbpAinent 3 of; Hae praseniton
of the piezgelec&ric transfornmer driving circuit of the enbodi nent |, _

t he~aver ageTPVERSEABY deviation ratio is changed in every N cycles of the
drive pul se signal fé/ descri bed_above to.distribute the frequency division
.45 ratio of the dit%e bl asPdrgk: dhagrameshoving Hhe confkgunatsion Iaf
aver age freguerc%,is raised, and it is possible to obtain a frequency for
‘setting the3Pt+g ?%%%tﬁ*ct”r@llﬁﬁmﬁ%ﬂe"¥%513°a%itaiﬂe%¢¢@€ﬂmeuéliﬂm

t he above- rrepgéai (F)lned enbodi ment 1; when gener ating the drive pul se signal by
fr equency- dFFPAAIEeREe 418E: thec pregent,dnw, ily division ratio is
distributed. in a predeterm ned cycle, thereby raising the frequency

resol ution of the Bi@ral® ifecaubhBingswaveferpediagsem. 1lhushzating when
obt ai ning the frequency resolution of 10 Hz at the time when the frequency
of the dri vé’PSEP§20§i ghathgr embeddmende de of ithet Presemtndnventiorg0 KHz, a
clock. of 1 GHz is required for a nmethod of sinply dividing the clock as
descri bed bef ore FI %ﬂeiﬁtﬂeFiﬁ&ﬁa,WﬂﬁéﬁOFmedéagrﬁmbQiﬂuﬁtrﬂ5499n&heN is
100 for exanple in the above-nentioned enbodi nent 1, an average frequency
resol uti on GPeFgtiPncef Fbeosmboddimentoh o thek presepdutinMention; usual | y

used for the liquid crystal controller and the like. |Iw the enbodi nent 1,
the multi-bit A/ D ESfveld ks @ bdogkediggram ghpwing the manfigiration of
detected voltage into the digital signal; therefore, it can be-built in an
LS. For thifsPrezeshectricciransiommerAetying slirsmidi ipurecordanee with
frequency setting circuit 8 and the frequency division ratio distribution
di vi der ci r @other: giapplenef sbe emboddnaal 4nofirthespresrntetinvwention;

FIG. 19 is a block diagram showing the configuration of
a plezoelectric transformer-driving circuit in accordance_with
embodiment 5 of the present invehtion;

FIG. 20 1is a timing waveform diagram illustrating the

- operation of the embodiment 5b-of the ‘present invention;

FIG. 21 1s a waveform diagram showing the change in the
frequency cheracteristic of the plezoelectric transformer:;

FIG. 22 is. a view i1llustrating the operation of a
convent‘ional pliezoelectric transformer drive portion;

FIG. 23 is a view illustrating the operation of the .
conventional piezoelectric transformer drive portion;

FIG. v24 is a block diagram showing the configuration of

a plezoelectric transformer-dr:l.ving circuit in accordance with




- -46 nunber of parts can be reduced significantly, and it is possible to

obtain a higher effect of nmaking conpact video apparatuses nore conpact. In
t he enbodi ment 1 of the present inventi9§5_mhen generating the drive pul se
signal by frequency-dividing the master ¢lFock, the frequency division ratio
is distributed in the predeternmined cycle, whereby the resolution of the

average frequency can be raised. Therefore, it is possible to obtain a high
resolution froma clock of about 10 MHz usually used for the liquid crystal

controller grolfehitks oEorthtehipg:ers%?&oﬂ.nv%Iﬁ%ig gzoel ectric

transforner-driving circuit can"be attained in the formof an LSl in the

| evel of practical pHgeosMgEhyvELEH rasHsﬂ%%gggtgxgegﬁ%:ﬁgggﬁﬁp%wngme

significantly, and conpact video apparatuses can

pi ezoel ect | be LhanghaviRl: dikld. Gf GH deogandance W (h the embodi ment
i hi'g

| of the present invention can wth accuracy carry out .drive control
f th | d cath t ' [ br.i ght ;
erperat ure et c. ) Grct 2 LV ALeRsEE dihsiriih BPYERS Hie RPeERELoRiging
ircuit. Ingtehi i ed qut qgn the basis of '
(r:r:e;g_tljlrerrentno attgef?l%?'g%?‘?n%&ﬁgiﬁggﬁt%%\r/ire:’@ﬁr‘?aﬁ}e,n%gﬁd f6r egﬁla?\cs control is -
carrhedoout dependee. oy 105 hEPMERER luedh SR EIRE U sohetERY Sog
desired val yg: ¢ gEgQ_q_@rﬁ%ntci%cu t\,f‘% olih’ rfl?']blﬁ’sq 'a bltio k di agram showi ng t he

configuration of the frequency di Ut i on divider circuit

embodt ment 2, an chEGARAP FaY RESHRuiAd e Dantt B He RFERbtPRimtng ns
Che above: nont FoRed AVRRY SHRELLE' e b HeRa Sions are desi gnat ed by
S S T A e A R
operations %F Efll{'gs reg&éﬁggﬂﬁ\?ﬁsﬁ c?ﬁd' ?&%Igcc)a\%ogiﬂ% is?m divider circuit. In
count of i reui t o0t 18- Lt By HRBEnId A dnloRliv g hPRkE koA Chasy °
" synchr onCeatthsn VAR SHHE S e maR e 4 S0 T Duton cycle N
Gircuit e, the Topigraat AanetERiE Babrks sB0viRY Png]reVetieTaaoe o
g pnire qidolit, BRI POnY ok end, eniedien S ioncy
Count value A ( o A o8Y 3 P PLoKk GiSRHRRInSGihg tng Sostanar BFR of
A R U i
expressi on %mgtcﬁd%ilﬂlseq%t:rfr {b?éltt(%lu rbfl:q%q}%gj‘%vﬂﬁeisoﬁ’on (6) ;" AX ?
Converted into 1) reando ke Ssaebtt] AA9BKE BRohIhd, By Bidan MRatR are
o3 o PR td MR i e pilh de {3t Wkidssdimer "affh1hY

“An-2 An-1
circuit of the embodiment 7;

FIG. 34 is a waveform diagram showing the operation timing -
of the driving circuit of the embodiment 7;
FIG. 35 is a block diagram showing the configuration of 

a plezoelectric transformer-driving circuit in accordance with




In FIG 5, an adder 9d addes the high-order mbit data C of the Mbit
frequency setting value Sfreq to the output value of the above-nentioned
frequency division ratio cal cul ation cifggtt 9c. In the frequency division
ratio distribution divider circuit, the Tonfiguration of which is shown in
FIG 5, is forned of a digital LSI ; and can be nmade in a 1--chip form
together with other LSI regions, whereby the systemclock can al so be used
as the clock for the frequency division ratio distribution divider circuit.

For exanpl eembb&imbAtksf 8¢ the hidHLA+C ntroller can also be used
~as the clock for the frequency g?é?%ﬁgn&?ég{eﬁlgi%?étri bution divider circuit;

t herefore, the cl C S h r h er.ation
of the frequency ?i\(ﬁéﬁ)hnq%atui ggﬁﬁ%?igﬁﬁ%ﬁﬁ%‘#vg%%g_c%%yeta ﬁ&?ﬂ%q %% G

S will be dgsgehpedhP I {4 ef arm diagrang in ELGS. 6 -
“and 7. -49 The exan%lll%?g%%é\)/\n |é\%%§édé{gang ";&ar W%ﬂ%&gﬁg@oﬁ’%é‘e |
di agr ans inehﬁ@d?ﬁéﬁtv‘ﬁen the distribution cycle N of the frequency
division ratio of the drive pulse signal is 16. (a) of FIG 6 shows a pul se -

form havi i atio d S Out i le N (= 16). q

LR e pul'so vaver ot SEIENTE & WAl BuclaBind 1 BREFRE LY Grts mat b

b f FIG 6 I = t.Q 15 f th t i it

o0 (¢ ) °F(H8 ULk REc BLELuY® B8 fpb BrboadngRe) oft . Layer o e of ¢ he
t I AO t { t i i 9b . In oth ds,

Che count val ues ALT, HsPE B AR orE IRETER eiopfad mgronersc for iniag,

t he count vg}_:ugﬁeaagiggﬂgeggggﬁgtL?fb!tglﬁr §F$§t&%\|e(ég. 8I n the cal cul ation at

the frequency division ratiro carculation 9¢C, ¢g), (h) and (i) of
bits BO to B3 of CheT o aud thokR afEbEER FRGu1ag; B geRAdedin on bl o)
(o) (ChePReptitera e lhatdihe BN plap o Rncsordaide st el
et LT oaBSAUBRRY, S DECSRY BRBshiE BRGGA eyt on e
the follow ng expreggi ofg (14 3 cglf&{@s&fgﬁr&ﬁ S gvr}ir%tavgleggnaf peak
detecfion circuit of the piezoelectric transformer-driving
circuit of the embodiment 9;
FI1G. 41 is a waveform diagram illustrating the'operation
of the piliezoelectric transformer-driving circuit of the
embodiment 9;
FIG. 42 i1s a waveform diagram showing the operation timing
of the driy:l.ng circuit of the embodiment 9; |
FIG. 43 is a waveform diagram illustrating the 6peration
‘of the piezoelectric transformer-driving circuit of the

embodiment 9;

FIG. 44 is a block diagram showing the configuration of
a piezoelectric transformer-driving circuit in accordance with

embodiment 10 of the present invention;




the ,loworder n-bit data B of the Mbit frequency setting value Sfreq
output fromthe frequency setting circuit 8 an approximately even pul se
signal can be obtained for the period -50 of N cycles fromthe |ogical OR
of the bel ow nentioned expression (8), ASB3 + AOVAl B2 + AOQA1A2B1 + :
AOCALA2A3BO _ (~) AO~ B3 or AO A1 B2 or AO A1 A2 Bl or AO Al . A2
A3 B . (8) As an exanple, (~) of FIG 7 shows the output waveform of the
frequency division ratio calculation circuit 9c in the case when the

| ow-order 4-bit d of, 1 he data Sfreq fromthe frequency setting circuit 8
is "1000. " Furth(aa#ﬁ%r e“,st tR)a 55%?&%%%@%@%&@9@ wonddgugta tilgn
frequency dbgi ? Qn rati ?. cal Cli| ation circuit 9c in the case when the

| ow order 4-Di §aPHOOAImeRL) 104 The frequency division ratio of the
divider circuit 9a_is d ée m ned by the addition of the high-order mbit;
data C of the dat ?%«?reﬁ a:{ﬂ 3 avafigrm ddkagramshowlngdhe mpenajian of
frequency ditéi Si ORnr atig.calculation circuit 9c at the adder 9d', and the

drive pul se 8fgRaLns GORS LeNTratiops of) &heg embogiimemt 18y t he above- menti oned

operation, when thE val ue of the data Sfreq used as the frequency setting
val ue out put fromEF@: Aeltan¢aveterm & agrasshowing dhecepenatbon timing
aver age freggenﬁy division ratio in N cycles increases, and the frequency
of the driv8EptPBedTiyiRg Gdcrudscof bhe pabedimentadd: when the val ue of
the data Sfreq output fromthe frequency setting circuit 8 becones smaller,
the average fr equeﬁw- 4818 agvayef om di agrape shewing theseperathdnttiming
frequency of _the drive pul se signal -57. increases. As described above,
in the above-fnﬁﬁﬁi grdyiaghsdrepat of hen emhodimemted®y division ratio is

distributed in a predeternmined cycle, the distribution nmethod thereof is
configured so thatFifeqt®ns &sPbapckndiagnpm ahewingt theaonfigyratiemcites
and so that _th freJc_|uenci es are approximately bal ance, wi thout using a :
di stributi off PEPROGLAREFLF ERasfarer wiriving eimcauitohnfaceprdayce oidinent
ri ses. Theref rg, inthe .

_ embodiment 11 of the present invention; '

FIG. 50 :Ls a circuit diagram showing the vrestavrt
processing circuit of the plezoelectric transformer-driving
circuit. of the embodiment 11; |

FIG. 51 is a waveform diagram showing the operation timing
of the driving circuilt of the embodiment 11;

FIG. 52 is a block diagram showing the configuration of
a piezpelectric tr'ansformer-dr:l.ving circult in accordance with
embodiment 12 of the present invention;

FIG. 53 is a circuit diagram showing the abnormality
detection circuit of the pilezoelectric trahsfdrmer-driving
circu:l.t of the embodiment 12;

FIG. 54 1is awaveform diagram showing the operation timing

of the piezoelectric transformer-driving circuit of the

embodiment 12;




pi ezoel ectric transfornmer-driving circuit of the enmbodi ment 2, the levels
of the | ow frequency conponents becone |ower; therefore, an effect owng to
a flicker phenonenon, that is, screen flicker, is unlikely to occur even if
the distribution cycle Nis made |arger-3& described above, the |evels of
the | ow frequency conponents becone |ower in the enbodi ment 2; therefore,

it is possible to suppress the flicker phenonenon that is apt to appear as
the frequency is |ower or as the level of the change in brightness is

| arger. For this r o] he piezpeleciric trapnsforner-driving,circuit of
t he enbodi ment 2 clgﬁaha%vseig %@%‘é@ggwmﬁ OY’EESIH}H 89359%#8&%“#&95
di stributiongcygle |_arger .even if t freqg cy, of the master clock is

| ow. As des?:?fi )téieig gg!(?\?%,eq‘t grﬁcefEQn@%eﬂWq'm‘%&d}Wﬁﬁqjﬁ RF dh&uit of
t he enbodi rrgﬁ% éiha§1 tﬁé[.effect of elimnating the flicker phenonenon that
is apt be c & WJ’ 'hod wherein the frequency division ratio is

distributed in the edetermn - frequepcy N to raise the frequency
resol ution just asFl?{?l'tﬁé &%%%3399598‘- ﬁgﬂ%ﬁ-ﬁﬁeﬁhémwaﬂﬁn of
parti cul arlg \Aﬂen tﬁEe gi‘ tri butié)n cycle Nis required to be made | arger.
In this way® Phe%8ftH5H Fi'ﬁttﬁalb? PFRETTAELYENg (R RYI0h LRaceprdanee (wigh
raising the resqlutiqgn _of the_ average freqguency while avoi ding the

pr obl em-of FF“S’E’%@'P"QS‘% ety thes presantdnvertdeiiency division ratio.

Since flicker caus t robl em of, i mage flicker when a piezoelectric
transforner is useﬁiﬁohﬁ?i o2 (g Pk At ﬁFaB‘fSI&mH-‘Eﬁli@echéF‘dﬁ dntrgtiqme

present invention.provjdes an .apparatus capable of greatly contributing to
t he i npr oveﬁg‘r‘ff:“gft ﬁ?éi &3‘5 iq%ﬁqu%|%.tmme@%c |
~piezoelectric _transforner-driving circuit in accordance w th enbodi ment 3,
an enbodi meft 39 - eving, Wi of 1theyenkadinenty ki ow by
referring to the ag&grrpggyi ng drgw’ ng_s. FIG 9 is a block diagram show ng
the configuration t ha®pit8z BeFLEPRLE G139XeR, sbowdng,ithe sepdacement: he
enbodi nent 3 Ofa,f}%ﬁ gr sent invinti on. The sanme configurations as those of
the above- mEHESH° Pigreedegtrigtranat eamey - erivingeinmitars thad
t he expl anati ns( of the above-nentioned enbodiment | are applied to the
same config ,ntt h@r‘eby omtting overlap explanations. FIG 10 is a

ti mng wavef.orm di gqr.a how ng the operation
9 @9@”153 is a ave:gorlﬁ diagram illustrating‘the operatlion

of the piezoelectric transforiner-driving circuit of the
~embodiment 13; | |

FIG. 60 is avwaveform diagram illustrating the operation
of the pilezoelectric ‘trdnsfdfmer-driving cifcu:l.t of the
embodiment 13;

FIG. 61 is a block diagram showiﬁg the éonfigurat‘ion of
‘the conventional piezoelectric transformer-driving circuit;
and

‘FIG. 62 is a graph showing the frequency characteristic
of the convéntional piezoelectric transformér.

It will be recognized that some or all of fhe Figures afe

schematic representations for purposes of illustration and do




of a rectifying circuit, an A/D converter and a snmoothing circuit. -53
FIGS. 11 and 12 are views show ng vol tage detection resolution by an A/D
converter. In FIG 9, a rectifying circuiit 51 is a peak hold circuit that
carries out rectifying by peak, -hol di ng BHe vol tage signal froma current
detector 4 . The output signal fromthe rectifying circuit 51 is input to
an A/D converter 61. The A/D converter 61 is a lowbit (5 or 6-bit) A/'D

converter. A sanpling clock generation circuit 62 generates a sanpling

cl ock .used h nopothing circujt 52 when th D converter 61 caonverts
an anal og s?‘ésﬁ.aﬁe?ﬁgﬁaﬁﬁygﬁ?gﬁcgitﬁﬂ%lafcﬁ‘ﬁ%f s"n%ﬁ?ﬁiﬁﬁ $17€%i9F 3PrgHonks
the digital §i ﬁgal ut gu% fromthe A/D converter in every four cycles of
the sanpli na C Skegﬁm g Fa& °E5’P00e'ssi ng. The enbodiment 3 is characteri zed

in that the piezoelectric transformer-driving circuit is attained by using
t he i nexpensive |lowbit A/D converter 61, as described above and that the

capaci tor hgyipg a i.tance used in_ the enbodinent i is

el i mi nat ed. ﬁ#hg yﬁgha%ggr W&@h@ﬂa’o#ﬁﬁ IINVENTIOX r i bed bel ow. The

pi ezoel ectric trangforner-drivjng circuit of the enbodi nent 3 detects the

vol tage of the detttfFBRTEHyR% °8?‘Bﬁi“fﬁe°§v€r Rdezogilegetsic frapgformes

plural sanpl.e ints and converts the voltage into a digital signal; the

Al D convertgFig'%nﬂsc?rﬁ&é‘iﬂ:oiﬁaﬁéc%rﬂﬁ%mﬁi‘t’:_'- hnthgpresent invenielomill

vol t age of bhe A D converter 61 is a DC voltage at this tine, only low

vol tage det Etpﬁﬁcﬁggﬁﬂa99lﬁgawyr%?ﬂf-'hi‘ﬂe@ bthe ReopmBAnY g drawingss s

obt ai ned regg%&&%&f t he nunber of sanples. However, the enbodinment 3 is

configured , Aitode >vol tages are sanpled by using the discharge..

- phenonenon of the fgk-yogd circuit in the rectifying circuit 51 so that

hi gh det ecti.on accg cylchP dPHh HROTAM SRR Eherronfignratiom of

. the large-capa itanie apacitor in the enbodinent 3 will be supplenentally
descri bed b& BunPZPH ?ﬁgrgﬁové@mﬂmbd%mﬁ%“b%'m@?% fnge with.

transf ornerdrvi circuit shown in FIG 62, only the rectifying circuit 5

is insuffi ch‘h?Pdg'g‘e@&nge?F I LrRqinente oftbe: PEesent, EﬂYeP%i-Bnt h& 1SS -

vol t age, th(ére y regaiéi ng%{}s filter circuit 50. The time constant of this

filter circditt®sd PRA4aEP EiRg Havesoamdiagrans shawlng thaopgrations
elimnate drive. frequency conponents of about 100 KHz. In order to ‘

- configure tR&E ﬁ:lhlet & Gte itranstonmerr Bl ShEPHEY - pi ezoel ectric
transforner-driving circuit, a |large-capacitance capacitor is required.
However, as the cagacﬁtﬁr has@aPlergelessadr: txapsiogmeryluds andoddage
therefore, iin consideration of the installation space of the capacitor, the

‘use of a aF&@“é%ﬂé’E]attqu deydceotar sk yekng Mpacs anplified EOHEGQQL raiml e.

For this reason, .the enbaodi rielnt
a voltage controlled by the piezoelectric transformer 1 is

épplied to a cold cathode tube 3 for light emissv:l.on. A current
detedtor 4 detects the current flowing through the cold cathode ’
tube 3 and converts it into a voltage signal. VA recfifying
circuit 5 rectifles the sine wave like voltage signal .ou’tpu't from
the cu:rent detector 4, and converts it into a DC voltage. '
An A/D converter 6 converts the DC vpltage output from
the rectifying circuit 5 into a digital signal. The A/D
converter 6 has a sufficient number of bits, 8 or 9 bits for

example, in order to obtain high voltage detection accuracy, and.



3 is configured to carry out digital processing by using the snoothing
circuit 52 without using any | arge-capacitance capacitors. Next, the
characteristic operations of the enbodinment 3 -55 wlll be described bel ow
by referring to FIG 10. Wen a voltage~ é%yuﬂ having a sine wave shown in
a dot linein (a) of FIG 10 is output fromthe current detector 4 and

I nput to the rectifying circuit 51, the rectifying circuit 51 outputs a

vol tage signal having a mave shown in a solid line in (a) of FIG 10 by the
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voltage calculation circuit 7 comprises an adder 7a for
calculating the difference between the reference data Vref and
the digital signal Vad, and a multiplier 7b for mﬁltiplying the
output data of thé adder 7a by the coefficient K and for outputting
the result. |
A frequency setting circuit 8 is pfovided to set the
frequency of the drive pulse signal of the piezoelectric
- transformer 1. The frequency setting circuit 8 adds or subtracts
the frequendy corresponding to fhe errox data Verr to or from
th_e previous frequency setting value Sprev, and ou‘tpu"ts_ M-lbit
data Sfreg (M: an integer). The frequency setting circuit 8 :l.vsv :
configured to oﬁtput a preset ':I.nilt:I.al \}alue at the time qf
power-on. In addition, the output timing of the frequency

setting value has been set to be a frequency given by the previous

frequency setting value Sprev.




61 can be obtained. However) in the case shown in FIG 12, by applying the
AC conponents to one or two | evels corresponding to the | ow order one or
two bits of the A/D converter 61, it is ﬁgssible to obtain a resolution
corresponding to the nunber of sanples if’addition to-the wunber of bits.
The characteristics and operations of the rectifying circuit 51, the
snmoothing circuit 52 and the A/D converter 6l in the enbodi nent ‘3 have been
descri bed above; the operations of other circuits , such as the error
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bl ock di agr @Fasé%q\gnngf‘ttlﬁ% fzoenc];t':leqﬁjcr:fritah nfc%I outputting the frequency. This
| Oﬁtput of the frequency division ratio distribution divider
circuit 9 becomeé a drivé pulse signal for driving the |
plezoelectric transformer 1.
A power transistor 10 amplifies the drive pulse signal
- output from the freQuency division rat16 distribution-divider
circuit 9 to drive the piezoelectric transformer 1.

The error'voltage calculation circuit 7, the frequency
setting circuit 8 and the frequency div:l.s'idn ratio distribution
divider circuit 9 can be formed ihfo one chip of a digital LSI
‘with including other LSI regions; and thé system clock éan also

be used as the clock for the piezoelectric transformer-driving




a piezoelectrie transfornmer-driving circuit in accordance with another
exanpl e of the enbodi nent. 3. In the enbodi nent 3, as -58 the snoot hi ng
cycle of the smothing circuit 52 increaggs, the detection resolution rises
i-n proportional thereto; however, it is estinmated that the response speed
of control |owers. The piezoelectric transformer-driving circuit shown in
FIG 13 is a circuit for preventing the problemof this | ow response speed.
The piezoelectric transformer-driving circuit of FIG 13 is provided with a
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being greatly effective’in inproving cost neri _ Formati t he
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| ar ge- capaci t ance capaci t or -bei ng : -

: provided as necessary. |
Next, the operations of the plezoelectric

transformer-driving circuit of the embodiment 1 configured as

shown in FIG. 1 will be described on the basis of the timing




'signal froma

di sadvant ageous in saving installation space; however, in the present .
invention, by digitalizing snoothing, it is possible to obtain a great
effect in saving installation space. Enpggtnent 4 A piezoelectric
transforner-driving circuit in accordance w th enbodi nent 4, an enbodi nent
of the present invention, will be described below by referring to the
acconpanyi ng drawi ngs. FIG . 15,1s a bl ock di agram show ng the
configuration of the piezoelectric transforner-driving circuit of the

embodi ment gavafoenP@dhgBRhs Ok e igventi,on. In the enbodi nent 4,
t he sane configurationsags ?hogéagfgbhgﬁg 6v2-§§n#?oned enbodi nent 1 are

desi gnat ed by- the mi@%ﬁ@h?iiﬂ@f?ﬁﬁpé i;Qn .é’gt tﬂgﬁeggogégfo%g#c;are

applied to the sanme configurations, ereby omtting ov Fons.
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(a) of FIG. 2, the vaveform indicated in a solid line is a DC
voltage signal output from the rectifying circuit 5.

Next, the rectified DC voltage éignal is.convertéd into

“the q191ta1 signal Vad by the A/D converter 6 at the timing of
the sampling clock shown in (b) of FIG. 2. The errdr'data‘Verr,
which is the output of thé error voltage calculation circuit 7‘
to which the digital signal Vad is input, is obtained by the
fo;lowing calculation.

Verr = K x (Vref - Vad)

In the embodiment 1, the reference data Vref is 56 as §hown

"in (4) of FIG. 2. The output of the A/D converter 6 at the time

when the reference data Vref is 56 is shown in (c) of FIG. 2,




. linein( b) o

-62 In addition, dust as in the case of the above-nentioned enbodi nent 3,

" the plezoelectrlc transfornmer-driving circuit of the enbodiment 4 is not
required to include a | arge-capacitance_ ﬁapa0|tor therefore, the space for
parts can be saved, thereby being greatiy“effective in making conpact video
apparatuses nore conpact. The operations of the piezoelectric
transforner-driving circuit of the enbodinent 4 will be described bel ow by
referring to FIGS. 16 and 17. The sine wave shown in ( a ) of FIG. 16 is ,
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signal . This.voltage signal is half-wave recti

hal f -wave, r ggt gﬁgwﬁgiﬁl eYi bedSP1G. ?d the vol tage si gnal shown in a solid
f éIS out put from the hal f-wave rectifying circuit
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calculation circuit 7. In (b) of FIG. 3, only the data obta:l.néd
when the output pulée signal of the frequency setting circuit
8 (iﬁ (c) of FIG. 3) is at the "H" level is effective as the error |
~ data Verr of the error voltage calculation circuit 7. | Therefore,
~in the error data, X is written at the positions of unnecessary
data,'and specific values are thus not 1ndicated.
-In the frequency setting circuit 8, the error data Verr

is added to the present frequency setting value Sprev in

synchronization with the output pulse signal of the frequency




overall control operation in the enbodinent 4 are the sanme as those
described in the above-nentioned enbodinents 1 to 3. -64 As described
above, in the piezoelectric transforner _ ¢griving circuit of the embodi ment 4
~, voltage detection is carried out by using the half-wave rectifying
circuit 53 and the conparator 11; therefore, voltage detectipn is nade
possi ble with high accuracy by using a sinple and | ow=cost configuration,

- whereby the effect thereof. is significant in the digitalization of the

pi ezoel ectr settingséoraaltds | \diw daitaC8Ereq s S8tmet AN timaokyt i ofy, G d he
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above- ment i gned qeb adiaTRRls t3ibwdegef fect similar to that of the
above- nent i oned - 65 enbodi nent 4 can be obtained. FIG 18 is a bl ock
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the smoothing circuit 52 of the embodinen _
SMoot hi ng P@t tREt THE £2oBk VYR £¥thd BBr1bEShE Four cycles of the drive

pulse signal obtained by frequehcy division is equal to the value

of the output data Sfreq from the frequency setting circuit 8,
thereby raising the average frequency tesolution. The drive
pulse signal obtained by the frequency division‘ ratio
distribution divider circuit 9 as described above is power-
amplified by the power transistor 10 to drive the piezoelectric
_transformer' 1. | ' |

In the above-mentioned operation, when the current value
detected by the current detector 4 is lower than a desired value,
that is, when the digital signal Vad oi;t’put from the A/ D converter
6 1s lower tﬂan 'the.'reference level Vref, the error data Verr
output from the error voltage calculation circuit 17 becomes a

positive value, and the frequency division ratio distribution




snoothing circuit 52a and the second snmoothing circuit 52b, and these are
switched by the selector circuit 14, to inprove the response speed. In FIG
18, other configurations are identical [g4those of the piezoelectric
transforner-driving circuit shown in the above-nentioned FIG 15, and
represented by the sanme nunerals, and the expl anations thereof are applied.
Since the operations and the effects of the first snmoothing circuit 52a and
t he second snoothing circuit 52b of the snobothing circuit 520 in FIG 18

are identi caividerhohecwit tghcpéf@@ééniirmgtﬁerdiﬁb@foﬁivh%&%iibeﬂéﬂl%g}éiwd
enbodi mrent 3 shown in FIG 13, the explanations of the enbodi nent are

appl i ed. Fufrbguence, ratibheneireasekeCt th CothapSkBraB! - Ohi ¥hAJaBbiygui t of

t he enmbodi nent 4, by formng the divider circuit 9a for generating the
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t he above-nenti oned second and third - 66 enbodi nents equency

resol uti on of the embvaimente 1S io?@%'at%%” ile t?&t @1&%%%%@ whddeGnO%he

frequency of about 10 MHz; therefore, the effect of L ormat 1 on can be

ennanced | uEkBguenty ¢hene e aBlLss’s Aind 19 NSRS bnd RRNLLER. ub Rl o€

wi dt h detection net he conparator is enployed as destri ove;

therefore, of wH¥peez88186tIr28 MUTF WAL %%%% .ZSB&'EtﬂsaogL%%%n,

signal by using a sinple | owcost configuration, y-berng grea

ceffective i RnenBaS¥bAY £DSW1AE tHrduyt e Sb1kOEIRhbER %bé'ﬁéi‘i‘z@r"eia 5.

circuit. <<Enbodinment 5>> A p|ezoelectrlc'transForner-dr|V|n circuit1mn

accordance w th enpdiHEBichar Ran&MREN e HE QiridSt Wﬁlﬁfé‘he%gxgﬁg%@\@l lsl

be described bel ow by referring to the acconpanyi ng draw ngs.
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configurations, thereby omtting overlap explanations.
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transfornmer-driving circuit of the e a Vi ng

circuit 51 bgsthle plaFeea@dtirdy dradlrdtmedall Aowdis ARAE TIRMdI8%
enbodi nent 3 shown -67 : _
flowing through the cold cathode decreases.
When the current valuekdetected by the current detector
4 becomes the desired value by repeating the above-mentioned
adjustment operation, in other words, when the digital signal
Vad output from the A/D converter 6 1s equal to the reference
data Vref, the error data Verr output from.the error voltage
calculation'circuit 7 becomes Zero, and the frequency of the.
vdrive pulse signal stabilizes. |
In the.operation of the pilezoelectric transformer-
driving circuit of the embodiment 1,.the'avérage freéuency
deviation ratio is changed in every N cycles of the drive pulse

- signal as described above to distribute the frequency division




in FIG 9, carries out rectifying by peak hol ding, and outputs a voltage
signal including slight AC conponents, w thout carrying out conversion into
a conplete DC voltage. A conparator 11 pgﬁpares t he peak-held vol tage
signal with a reference | evel input externally. Wen the peak-held voltage
signal is smaller than the reference level, the conparator 11 outputs an
"L" level pulse to a counter circuit 13; when the. signal is larger than
the reference level, the conparator 11 outputs an "H' |level pulse to the

t [ ' LISl 3 "H o I I
Ut put 11 ont b coaman e v, BULER' Uty AN 8, the TR WAS st ne

out put from t he . 1 ER? T B
ciroutt on hesaoeriub bRBuChbYCL Lafied o T NA Al b BRtety

the snoot hi ggeLd il f - ,Qned e iment 4. A selector
circuit 14 sw tc%es é?ﬁ?"&ﬁtsﬁht?gn hgﬂgr%gjt%ﬂﬁﬁsas (?dr%)% £? %qarfé‘%q%meng
circuit 52 gré&hg &QH?Eeﬂa 1t put. fromthe counter circuit 13. Wen the
count data s a preset mninum (MN) value or less or a preset nmaxi num '

n other cases, ¢ ShiecaB3y8EhBRyTpheY mbaadrient . Bhen At thhe Ehmne
Char act or | 20514 WHLEE Flsrdd o FraguehreaftvidinBlERe sianken, G nghen
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the target '{DgfggFri ed out while the change anount of frequency at one
control loop IS Timted within the frequency range corresponding to the
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enbodi nent i ) d,to,increase the response speed of control by
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vol tage cal EHE&BERBYCEESBih_tion of 10 Hz can be obtained from a clock of

about 10 MHz ugually used for the liquid crystal controller and
the like.

In the embodiment 1, the multi-bit A/D converter 6 is used
as a means for converting the detected voltage into the digital ‘
signal; theréfore, it can be built in aﬁ LSI. For this reason,
the error voltage caiculation circuit 7, the fréquency setting
circuit 8 and the frequency division ratio distribution divider

circuit 9 can be included and formed in an LSI; therefore, the




7 Wi thout passing it through the snmoothing circuit 52-at the tine of
transition during which no stable operation is required, and -69 is also
configured to snoothen the count data by gs_i ng the snmoothing circuit 52
near the target voltage wherein stable operation is required. The
operations of the piezoelectric transformer-driving circuit of the

enbodi nent 5 wlll be described belowreferring ' to FIG 20. FIG 20 is a
timng waveform di agram showi ng the output signals of the current detector
4, the rectphiypmi : ' r counfer circuit 13 ,
t he snoot hi ﬁgmgﬁ?cﬁ ? %g%tsaﬁént%é;%ggﬁggta o?i@lgjf%%??ﬁ?iymar{igteﬁ%@&sﬁm%., :
FIG 20 is | | when "0" is set.as the m.ni num
(MN) val ue@g}“@?ﬁéf&%%ﬁ%@ %&%ﬁg &0%3'%% _icrcﬂﬁthlé’?i%?e APPREALRPES n a
dot line inp6al Ebmph&e . 20 shows the vol tage signal obtained at the current
detector 4, and the"waveformin a solid line in (a) of FIG 20 is the

0,290 50 1 DU oY B i) 502 o

’fﬂngut Bﬁt oot Ezt gvvave ornlo © Con}[)ﬁe "Lt level until ti t1: therefore;
t he out put g% tl?etgggﬁgfelrg glgrf"({,’él ?ﬁﬁgesﬁ&%ﬂailn%? §reguenay -dlyiding, the
20y thar PeBleBifon ens e Rabdndy BIVSon FRe18Ts St buteh fathn o
ot cul ati onPEPldEeF RUSPLR S, Wirlpl £, rdssaunlom, af dhe Svsiage

o ¢ 200 FRSatiehBl YBh Beiraletd,  Wcteddre oo 1T BREAARIA G POSAIE g
frequency an LRPl R on Hhdh B°Ube GE kit 30" Mz, veve Fuk dtkd) o
bossi bl o, ¢ e 1EBulp BEYREET B8R Bol TRH ald ke "L (Pt rhe88OR g
s owi tohed 1o Prefbe1stfrlt Bhhabfoinleartying' oRECuEE Gan T Sty |
ther eby att 3hniNg fddPo% an LsI in the level of practical use, whereby the

number of parts can be reduced significantly, and compact video
apparatuses can be made more compaci:.
The pilezoelectric transformer-driving circuit in
accordance with the embodiment 1 of the present invention can
~with high accuracy carry out drive cdntrol for the cold cathode
tube 3 depending on the usage environment (brightness,
vtemperature etc.) of the cbld cathbde tube 3 driven'by this
driving circuit. 1In this case, calculation is carried outbon ,
the basis of measurement data indicating the usage énvironment,
 and frequency control is 6arried out'dépending on the result of
the calculation, whereby control can be carried out to 'set the

~ brightness of the cold cathode tube 3 at a desired value.

<<Embodiment 2>>




operation. In the above description, the case of an operation wherein the ~
detection voltage gets close to the target value froma value | ower than
the reference level is explained; however, the case of the opposite
operation wherein the detection voltage gets close to the target value from
a value higher than the reference level is the sanme as the above-nentioned
case. Next , the voltage detection resolution in the enbodinent 5 will be
described. Wien it is assunmed that the conparator 11 has an i deal ‘

characteristic, itPrg¢es/i8 ipmpicer ] %ﬁﬂgnﬁ far: the
period of count cycles and the anpl ﬁiﬁéggﬁ%t%iﬁﬂﬁb%r{/% age )Cé)l,lljt %&’t

fromthe reghefFréguéende Wi : [ LSa qQved .
as the clock freqﬂ%ﬁmy ifs h‘i’%ie?d a&r#j’tt&ﬁgi\gﬁp ?P&ggﬁoﬁgﬁggg%egggéﬁ%%%Iat age

is smaller. F%Q?g%éﬁiﬁgiés%&.‘Eﬁgfb?'ﬂﬂert-B%i%h;'g?@i%‘é:gﬁ&:]gﬁml%ggﬁrzsda?xc%r Wi%n

pul se signa , and " Chat the nast C

resol ution embgaiﬂén%c’zM"ﬁﬁlgﬂbgﬁéménq:ogfi %g%bhgjle%%%tj rlnf %&%&chﬁ{;pégi

anpl i tude of the voltage output om t he pe recti

ot et on var pesdazatiBag et TRETEs bRy ectrit o PR i, R

Cont i gur ot STLReT REOIHORRARTAS cribne b PHE dhaenelt R eRi Fiathant
(i Sadvant age’ | g ottt COARGRSPEARREPrE i dngtdd £V, Bp e e B
he. enbod mot EhCrSRPRaRREIShS, bl (hE, ARk MG nnodihene 3 Areo.
T S conPPRueaqtPo e i PRREMEResSal oYkt Wi oA Shara

for snoot hi @Slg-l'hhaitioHQS.SiPiéstOsgr?aéﬁg gogi_éipﬂlgnégwi?% 8%55?‘%3%3‘8%2(3

response spee Moreover, 1In t he present I nventi.on,

and devel Op.EﬁBhi_nQa'Etho§Eo ltgggsb%ghgg f%teg%%r"%gg%&%!iﬁa-e‘ﬁq ::}”f i,ng means as

the rectifying cifcurt 5 the e imen usi guency

glnt\gloil: ﬁgn[_apiiggzg?_ﬁg%?_rggt h&%iﬁie‘ij Qﬁﬁ':c%ii"'tqm t of the above-nenti oned
guency.

In FIG. 5, a divider circuit_ 9a is used to carry 6ut
frequency division, and a counter circuit Qb is used to count
the drive pulses output from the divider circuit 9a. The counter
circuit 9b is configured so'as to be reset in synchronization
with .the frequenéy division rétio distribution cycle N of the

. d;'ive pulse signal.

Ina frécjuency division ratio calculation circuit 9c, t.he
low-order n+l bit data B (= BO*2° + B1*2' + * + *+ 4+ Bn-1-2"
' 4+ Bn‘*2*; wherein in the above-mentioned expression, Bx

- represented by BO, Bl1, * * *, Bn-1, Bﬁ is a numer:l.c;al value, 0
or 1) of the M-bit frequency setting value Sfreq output from the
frequency setting circuit 8, and the count value A (= A0 2° +

Al*2'+ - * = +An-1°2"'+An" 2°; wherein, in the above-mentioned




di vi sion system of the enbodinent 2 as the divider circuit 9a. These can

al so provide the sane effect as that of the enbodi nent As descri bed above,
in accordance with the enbodinent 5 -72.0of the present invention, an
anal og detection voltage can be with high accuracy converted into a digital
signal by using a sinple |ow cost configuration while practical control
performance is attai ned by the conparator, the peak-hold neans and response
speed neasures, thereby being greatly effective in enhancing cost nerit in

the LSI f ' t Vi ' Lhn- aROr. thi ' g Ah
nvent on | Breapryns PP EbpYERBnELY oy sior O el o R e ¢ el
compact andva2ugl &b aS! oulPHRTERRA! the! SoSPOULALNNdS cofROHIIEALS L6 to

13 of a piezoelectric transfaorne riving circ n accor

present - i NggNELQN{ ¥ b i Just i R At cases of the
above- nent i gﬁegkgn%%\%‘#rénﬁg&iﬁt?% g f%égﬁgo?etc@ifgqﬁogﬁ' re%?ﬁefﬁj\ﬂnng
circuits of e MENts 6 to |3 are intended Lo pr-epgse piezoelectric

t r ansf or ner-(glsli%/lg%%g%ire PPg'cag%t}ﬁF SFPFSPF#HB (aé dr P\gpﬂ%@rﬁ%w thevi ng
a high freq tn i I Lequenc nd .cgpabl e
of detecti ngﬁg€¥3 t8 gg%ysﬁ‘ e&ﬁ'?%gr ﬂgﬁgrlg%gle@%g(gggi ﬁgwb@iﬁg?%vérg?%ﬁ‘%%

| ow cost conrfii g t400. I e piezoelectric transforner-driving
circuits of Qt)ﬁeaéﬁb%lgé]n‘gr#gsf g.%tn;)g%g.na%ggpfgﬁag ngoé%%@;,{:’p?i%n? foimbiol)

Ui deo appar SPucoerebdnk"this paatind il 't i a camera and & digifal
canera, a phez | ect t+C fransfaormer, for drii ng-the - 73 —backl| ight. of
the |iquid é‘ﬁygﬁﬁl*' pllgl %ﬂﬁ]t dr ‘and’ theAPik&lis provi deddnwRehAn-1 -
“installing hge.géezoengtkhs transforner in these conpact video apparatuses
, It is inportant to attarn’the follow ng objects. (A) Reducing the nunber

of parts and saut gy sprGe 48) . MAGMIL Y UARLE BTN Bl ROBV Lo
volage 1 uel galebtl B FEAUGRLIED dKelabhpdReoLe bl L ERROTE IS IS
{he ahove. gl LARednGoRh iR, AL S B SRS G aian

the nunber. 9.3kt 9o, At present, the piezoelectric transformer-driving
circuit is mainly formed of an analog circuit and has a | arge nunber of
parts . . As a netfod Lpg,t number of ~parts. of. the piezoelectric
t ransf or mer-dri vi ngHCFfr?%ufE'?géﬁgHg? §§VFﬁ6°Pt §agb§cgg‘55rﬂr§9ﬁg‘88 divider

. circult, the configuration of which is shown in FIG. 5, is formed

of a digital LSI, and can be made in a l-chip form togei:her with
other LSI regions, whereby the system clock can also be used as
the clock for the frequency division ratio distribution divider
, circu:l.t . For example, the clock for fhe liquid crystal
controller can also be used as the clock for the frequency
division ratio distribution divider qircuit; therefore, the
clock can be used aé the master clock.
Nexf, the operation of the frequency division ratio

distribution'divider circuit shown in FIG. 5 will be described

by referring to the timing waveform diagrams in FIGS. 6 and 7.




of attaining IC formation so that the driving circuit is formed of one chip
I s avail abl e; however, a small package cannot be used because of the
restriction in the number of pins at the g me of I1C formation;, therefore,
it is inpossible to obtain any significant effects . Therefore, it is
considered to use a nethod of formng the driving circuit in one chip
together with the digital LSI for the liquid crystal controller and the
like. This nethod is -74 greatly effective in saving space; however, when

the piezoel BheréxampiesisHow] 14 FYESY € bhaUy tades t&ﬁu&ﬂ%%&éef‘&rﬁ@'é%]ams
circuit, the circuit becones a digital/analog m xture circuit. For 'S

reason, thi snmehbodase #hendthl! A8 Hut ildiEe SRSl ?f df& .'f'ré%férglfr €,
it is desired to digitalize the piezoelectric transfornmer-driving circuit.

However, i nagudetonozdidol 8 thel Be 1R ZRAIRE Widhdl ALshigyTer - drivi ng
circuit, it is~necessary to have a clock having ™ high frequency capabl e of

obtai ning a hi ghl y(ayce atss f QRO af Sﬁi%éeﬁa%Qfﬁgﬂt%ﬂiﬁ e%ﬁ%%ﬁ ric

transforner. As explained in the descriptions o above- ( or

art, in ordaivigiBeneatid A1RIeAUACH id&élrkéﬂﬁf(o-l ) ddn 4 %Lﬁ.sﬂepal by
a cloc e

digital processing, a nethod wherein I's frequency-di Vi 0 Obtain

a drive pul geveirandl bBdkinas Bndcebeel LiGAHENEYNARe DEG LA ARG ¢ Igh LI S

cl ock frequency division . nethod, the cloc requency requlre conttol

the current (8fy bPerf®! & SRRRIEhE USuMY %#]T?Ap_r(gd@tﬁlgzsggﬁfrﬁggecéég/%{ gr

exanpl e) must be very high. Mre speci 'n a prezoe

.t’ra:nsform?rc:l.irbﬁiFte§BUan@€Lfe r r ey 'hﬁdaﬁggt?é%dﬁ"% ?ﬂg I%Qg(ﬁ&{ﬁ%%ﬁ gh

frequency sensitivity in't equency ra 0 be contro

[ oquency Sodotnd Qi Ga1RRAPADCE, WPBUERRY) eom "HHY BRENLEL DY cu Y| 4if0°

change of about +100%t o~ -50% depen requency change

The current 16l 8¢heg WHEQYINthBS 6 E FRENOL NG YRP alsS eBEAPBRLLCR A at e ! (I

' | or 1‘) of each digit when' the count values are represented in binary
notation.

In the calculation atlthe frequency division fatio.
calculation circuit 9c, (Q), (h) and (1) of FIG. 6 show the
waveforms of multiplication coefficien'ts mult:l.plied by the bits
BO to B3 of the low-order n-bit data B (four-bit data in this
example) of the frequency setﬁing'value Sfreq.

‘As clearly shown by the waveforms of (g), (h) and (i) of

FIG. 6, the waveform of the multip;ication doefficient is evenly
disposed for the period‘of frequency division ratio distribution
,cyclé N_(= 16) of the drive'pulse signal. In order to obtain
the following expressioﬁ (7) with respect to each'bit'value of
the low-order n-bit data B of the M-bit frequency sett:l.ng value
Sfreq output from the freqﬁency setting circuit 8, an |

approximately even pulse signal can be obtained for the period




vol tage at the secondary el ectrode of the piezoelectric transforner;
therefore, in order to suppress the current flow ng through the cold
cathode tube within about tl1% it is necegsary to suppress the voltage at
the secondary el ectrode of the piezoelectric transformer wthin about tl%
In-order to superess the voltage at the secondary el ectrode of the

pi ezoel ectric transfornmer within ~1%in this way, the frequency resolution
of the drive pulse signal is required to be at least about 10 to 20 Hz .

The cl ock f oEcieyeleseanbnahe Doghéal DL @M BREYWLASAL ¥LhEA ip Eegsoé%ﬁo
Hz is 500 MHz to 1 GHz at about 100 KHz in the vicinity of about” 1

Thi-s ki nd of(8h)i.gh cl ock frequency is not a practical clock frequency in -
consi deration of em ssion interface, supply power and the |ike. Next, the

obj ect (B) inapheggaseaphen; i.nst al ITR9 Khe phezpel ecigi.cagragsforger in a
conpact vi deo appar at us V\nﬂ' be desxcapl bKE %e%omeﬂu;%iya@ télge B(J’
above-nenti oned portabl e conpact video apparatus is basically 7§attery.
Therefore, the output voltage gradually | owers as t he remainin ower

amount of thepgatg£ry, regse I;gy\%@ he oel e .5 .
transforrrer-drlaw ng Cf?gql tlgZlf SBZde5| tg“io c-tq/ Abn AR 1A ‘Bver
supply voltage lowers . FIG 21 shows the reI atlonshl p between éﬁe power
supply vol tage and the output voltage of the piezoelectric - tr( sforner

t he above-nenti OneﬂsC&ﬂVéﬂ&mﬁﬂél 09) VOPIFEE! Ol dnows 7191é2?%de@ wavasda

When the power supply voltage |owers; the step-up rat

el ect romagneif ehler FReheNey 19914364 fatiopésléﬁi‘aéi% {rd&EE i%ﬁef%v@%.

wher eby the voltage output “fromthe piezoel ectric transtGrer

In the casedd@@wwthlgel \i d I : [ '
mont hl y. magazi ne, NI KEEI% %ﬁ’g&%ﬁ% bil\'lgvganggr b? H%g9 %I?)Sf%% PP&Q telée 147

to 157 (her@z@%ﬂﬁieﬁcysséﬁﬂnéﬁﬂétﬁﬂ: BOLES 1806U Ny inbSdsEd. uésso.fe*ﬁé)ower

supply voltage | owers
7 shows the output waveform of the frequency division ratio
calculation circuit 90 in the case when the low-order 4-bit data
is "1010." The frequency division ratio of the divider c:l.rcu:l.t
9a is determined by the addition of the high-order m- b:l.t data
C of the data Sfreq and the output value of the above-mentioned
f_requency'division ratio calculation circuit 9c at the adder 94,

~-and the drive pulse signel' shown in (c) of FIG. 8 ie output.
| By the above- mentioned operation, when the value of the
data Sfreq used as the frequency setting value output f£rom the
frequency setting circuit 8 becomes larger, the average

.. ‘frequency division ratio in Ncycles increases, and the frequency

. of the drive'pulse 's:l.gnal decreases. On the o.ther hand, when
the value of the data Sfreq output from the frequency setting

circuit 8 becomes smaller, the average frequency d:l.vision ratio

in N cycles decreases, and the frequency of the drive pulse signal




the control frequency shifts to the | ow frequency side to hold the output
vol tage of the piezoelectric transfornmer 101 constant . However, if the
‘power supply voltage |owers~further and.ihe target output voltage cannot be
obt ai ned at the piezoelectric transformer 10l; control becones inpossible,
and the voltage required to maintain the.lighting of the cold cathode tube
103 cannot be obtained: As a result, this causes a problemof turning off
the col d cathode tube 103; or in the worst case, this causes a probl em of
damagi ng t hknpreasekectric transfornmer 1 and the |ike because of the
~application of a drive pulse signal having irregular frequencies.
- Therefore, in the mm‘els;iﬂiaidd)abbﬂef,ici:@rt(jfaﬁggowetﬂehlggtoﬂgav&m;@@ﬂlgggc&

I'S

docunent 1, to prevent the a~ove nentioned problens, | necessary t'd use

a pi ezoel ecwhén thengkegUency ddvRseohr #athey T8 AAWASuE el ¢ ent!ly
| ar ge out put capabl e of coping with power supply voltage ar op.” Furt hernore,

pover is suppbaetethafeiheybory- ¥he 433 t¥ibutibn APt HAYRRAE 2 an AC

adaptor instead of a battery in a certain case. In thi's case, |n§1tsant aneous

power i nt erédﬁil@ﬁr@&YsécﬁﬂéthPé‘@&jéﬁ@:I.?é‘ Qfé‘eﬂoétlﬂ%a?ﬁ[éﬂéecd’ I;%I%ﬁég: g4 1€

power - supply of the piezoelectric transtorner 1s usualTy con % hat
Pover SUPPL Y et an toinCaraE Chor ohey Fregitnotes At RBbE PRI Dower
other vords. - Lhe aeert o i g 8 Faps tararatnBEHEE Wi LNG Tovele
i-nst ant aneogs @@&%eiﬁ@rﬂdwtfiﬁ'&ueﬂﬁgl EQ@P%E}(‘% Li?gg?rﬁeﬁ%bgéllg%; :Q{ﬁ%%ned

t he resonance frequency of the piezo ranst or mer’,

uncontrol | 3pi6z6618ct28 £+ dhsfornhdr LBRlviRg I A B TBAL| QIECH GRS TP

occur. However, the above-nentioned docunen

matter. On the D&LELshaRdhien e , i,scka iR _the Japanese
publ i shed unexam nedsUt iEI F'P? %gelfe,%gglé?%ﬁ%ﬁ&%e %i Ib%-%g’g'%g'og’r?&"\]apanese '

publ i shed utrspaEsed, Uah! eieteMpdelkiABPbCAL | 2= 4779, contral_is
carried out by the resonance frequeﬁgy at’%a q%s@?@%“ﬁ,o?'ﬁe%%&%ﬁs'

(=

supply vol tﬁcﬁeen: flicker, is unlikely to occur even if the distribution
cycle N is made larger.

As described dbove, the levels of. the low frequency
components become ldwer in the embodiment 2; therefbre, it is
possible to suppress the flicker phenomenon that is apt to appear

as the frequency is lower or as the level of the change in

brightness is larger. For this réason, the plezoelectric
transformer-driving circuit of the erﬁbodiment 2 can have a
necessary frequency resolution by making the distribution cycle
N 1§rger even _:Lf the frequency of the master clock is 1ovi.
As described above, the Plezoelectric trén-sformer-
~driving circuit of the embodiment 2 has the éffect of el:l.niinating
the flicker phenomenon that is apt be caused by a method wherein

v the frequency division ratio is distributed in the predetermined



fluctuates; therefore; the above-nentioned problemcan be avoi ded. However,
in these, control nethods, in addition to the detection of the |oad current
flow ng through the cold cathode tube, tRkg detection of the phase of the
out put voltage fromthe piezoelectric transfornmer is carried out on
principle: therefore, a detection neans such as a conparator or the like is
necessary separately. For this reason, the piezoelectric transformner
driving circuit provided with an LSI having this kind of detection neans
has a probl émeqhehcyiN destaisertinddrégadncyrd§6Bet LON LR AB8tROERe cdde
out put ‘voltage is fixed at the step=up ratio at the resonance frequency;
therefore, ofi thdeabovesatent ivnedliefiboddmenit 1S, REASTAIDar1y GHED Xhd he
power supply voltage by time division switching or the like,” whereby it is

I nevi tabl e Ghstrebirtdiosn@yoledr iisoreo@Hed RS BE hdte NURed 0SS at the
swi tching device. Next) the object (C) in the case when installing the

pi ezoel ectric tranbhOtNes way? ERET@Sodimert 2PPGE aine Yhddede MARRGIE NS

General ly, the voltage supplied to the cold cathode tube 1's not obtalned

suf fici ent| Hasraly dRFddIE ot £81 $Hng Q:He%@&ofl.ﬂ%iBheJPQ:theCHr.éfaéé Zﬂ}ﬁc@{%ﬁy 102

Asshown in the above-nentioned FIG 63, the el ectromagnetic:

1s di sposedwhii2adave1dLagrans peblieh dfe11chaw ﬁ&%ﬁ%}lﬁ&f@t#ﬂbgéﬂﬁﬁ]ﬁe&mm |

val ue exists as the duty value of the drive pulse sig applie

pover transiggeauehty Bk idAow PEL1HI S HlRG FANRIAS id%u%'é%“%ﬁ;ﬁ@i&%-og he

reason for this will be described below. The voltage in the wave SIne

wave |ikef otnage! £l neRet Wil epebaskloBReie! t Fahs AOFHOE B ubQd £HHYRG I 1
proportional to the power supply voltage; therefore the step-up ratro ot

"~ the overal | thuSbaakLaghtdbeda thRmilie &29sea bﬁn%ﬁe}pﬁflgrl??%sméﬁeﬁgﬁét}gﬁﬁ?o% ;

79 FIG 22 is a waveform di agram at vari ouS portions

“the pover tprovides ahlGpparidtic dapahief @%ﬂﬁ?ﬂ?lcﬁﬁ{ffﬁﬁfﬁﬁfﬁ{@{e 101

in the conventional piezoelectric transfornmer-drivi'ng circult

time, by changiregeient! 'oFuaie yuaithe oF ityfady!! epsi%n.al’ drive control is
carried out to hold the current” flowng through t col d cat hode tube |03
const ant eveREmbodimem®neyyssupply voltage fluctuates. FIG 23 is a waveform

di agram showi ng the drive control conditions in FIG 22; (a) of FIG 23

shows the out put SAQﬁ_ﬂ%bz@Elber@@"‘@i‘ah&QBﬂnéE’QﬁﬂW.ngt diReuliitmghen the
power supply voltage is low, and ( b ) shows the output signal at the tine

when the powecordapids \Altrhmbcuiiedt ¥ &0 WHbddndd € BEGe Hrddént
- invention, will be described below by referring to the |
accompanying draw:l.ngs..

FIG. 9 is a block d:l.agra:ﬁ showing the configuratibn of .
the piezoelectric transformer-driving circuit of the embodiment
3 of the ﬁresent invention. The same configurations as those
of the 'above-mentioned embodimeﬁt 1 are designated by the same
numerals » and the explanations of the above-mentioned embodimenf
1l are applied to the same configurations, thereby omitting |
overlap explanations.

FIG. 10 is a timing waveform diagram showing the operation

of arectifying circuit, anA/D converter anda smoothing circuit.




drive pul se signal changes is this way, the frequency of the voltage having
the hal f-wave sine wave |ikeforminput to the piezoelectric transforner 101
beconmes a fixed frequency determ ned by-tihse resonance frequency of the

i nductance L of the electronmagnetic transformer and the input capacitance C
of the piezoelectric transformer. For this reason, particularly when the
power supply voltage is high, the wdth of the half-wave of the output
signal of the power transistor |10 beconmes |arger as shown in (b) of FIG
39, and t heFp6Rerlliramdil? @re snlewsoshbwingevodbeaget et est ol rexfo e gipwer
transi stor 110 becones zero, that is; before the input voltage of the

pi ezoel ect r by BnaAdDocomrwerderhecones zero. Wen the power transistor 110
turns on, the charge stored -80 in the input capacitance of the

pi ezoel ectric tranBhd@itr 9104 recyifyimetivcuiiths1poses peaksd5d Aircdit and
a surge current flows. As a result, loss increases at the power transistor
110 and t hetpaézoaretesi cut reest Dfyinig Yyl peake hohdigauth8dve e signal
efficiency, and in the worst case, resulting in the breakdown of the

pi ezoel ect r frotr acsirrentr ddOdctén 4.heThelnritgingdighblifwonivhy redtuseing he
drive pul se signal is set low, the energy to be stored in the

el ect r omagnetireutitasdf dsmtnph@2teeaheRFPScOMNVEF 86t Y61t PERE Y/ D kv dhe
efficiency. For this reason, it was necessary to control the duty val ue of

the drive péllsassaghelv-batt IS virde-peesr AZDPEbIvESLERIC X AUIfpBthd Nalodie
val ue becones the optinmum duty val ue dependi ng on the power supply voltage.

However, ingeheratdenwvedtrcuie GRnyenkiratak 8 s¥mpUifih’ 6vbéki 8séd@r#Bx e an

analog circuit, thereis alimt in optimzation in a wi de power supply

vol t age rangewoiiing tiecaibrs2 whehiwel/Dhjditietdr 61 dditvéreL anhifitalog
installing the piezoelectric transformer in a conpact video apparatus wlll

be descri bedigBaleintos digieadesigmal i githel Sro6ehingatiesia ¢ Bhasmcbitdd age
several tines as high as the voltage of the lighting state is required. In

the case of thebddkliitglt signaa davuputnblomithd &/ vohvlertiesPhayevofy B! €,
‘the voltage required to hold the lighting state is about 300 Vrns; however,

in order todyicdlels idf the isanplansalodid WBPRveragd | prare£dimp0 to 700

Vans. -81 Particularly when the backlight is left for a long tinme at a

| ow anmbi ent t enper @her embbddineatddr Kspbhaeactbe ilziedhtinn@hR@r ftlemance
deteriorates, and.the backlight is not lit unless the above nentioned

vol tage i s @ipzoaddatrit teragsformed-duieny 1iPbaleriy AttadddasbFnming-
However, if the output voltage~of the piezoelectric
the inexpensive low-bit A/D conve:ter 61 as described above and
that the capacitor having a large capacitance used :Ln the
einbodiment 1l is eliminated. The characteristics thereof will
be described below.
The piezoelectfic transformer-driving circuit of the
‘embodiment 3 detects the voltage of the detection signal from
_the average .va.'l.ue of the values at plural sample points ahd
converts the v'oltage into a digital signal; the A/D converter
61 1s made to have a low-bit configuration . If the input voltage
of the A/D converter 61 is a DC volta.gé at this time, only low

voltage detection accuracy nearly determined by the number of




transfornmer is raised, stress applied to the piezoel ectric transforner

I ncreases inversely, thereby causing breakdown. For this reason, before
starting lighting, it is necessary to cagfy. out control to inprove the

i ghting performance while preventing an excessive voltage from occurring
at the piezoelectric transforner at the tinme of lighting start. As a known
docunent for solving this kind of problem the Japanese published

unexam ned Patent Application No. Hel, ~10 52068 is present. This Japanese
publ i shed ubgxani$ et réRdlgs06f Nhe Heimbel 5%09&@1?9 Offowedrery St €M

for detecting the output voltage of the piezoelectric transformer and t'or

control | i ngthieefbbdembhed3eAsy cOnFiiRrRasisd thalthe A4t %ﬂgqgtﬂ'g are .
rive trequency; if

vol tage. The output voltage is raised by |owering the

the detect edaﬁEtLBﬁt bYOuk2ag ithed dﬁ%%@x%&%femﬂﬁ%%oﬁféﬁcﬁﬂ%ﬂ?{%rﬁ;eﬁ%gfolddi Ve

frequency is shifted to the high-frequency side to | ower

vol tage. TheArculifteidrikne %%&&%m’%ﬂ ed 123 "y é{t&t ut

voltage; if the output voltage 1§ tde pre ett:(r%r% %?d%\#aa%uetﬁﬁn%ér% oé}x

drive frequageurasyskaht 8¢ bdtaiGied P side. As -82 descri bed
T ' A %ﬁéé Eaﬂéiyagdpplication No. Hei

above, the Japanesé published unexam t

10- 52068 di scl OSGSTﬁef‘e(l'lHiqiaﬂﬁf%rPSE ﬁﬁ@i&i:get—ESPQ&N?P%G%%?JE}ﬁw%Gd

to prevent the output voltage fromrising Srgniftican

control oot ol 3aRANSS b WpIRGR AT AL pAPR ] A 1 TO:

Hei 10-5206.8, the above nention atron’is repeated as

et b v ehRd it sloh ol drventathied YikzoRithedsd W diififdldi ¢ Of the

out put vol tage has been set,.stress Is appll e pre ric

Lransf or mer dikidd @Agcui¥esnbRE’ ¢hopee. 1853 SRIPIthd SdotL APERS SAfidys £ Ne

best control method: In addition, int case n-one-chrp

t oget her W 51 § Re s icd ity 85 YorRIEY Phe W1 whbE dHiddd df BLk22ne 1 441

the DC voltage;'thereby requiring the filter circuit 50. The

time constant of this filter circuit 50 is requiréd to be several
Hz to several tens of Hz to eliminate drive frequency components
of about 100 KHz.
In order to configure the filter circuit 50 in this kind
of conventional piezoelectric transformer—driving circuit, a
'large-capacitance capacltor is required. However, as the
c;pacitbr has a large capacitance, its volume increaées:
~ therefore, in consideration of the installation space of the
capacitor, the use of a large capaciltor leads to a bigger
| apparatus; this is undesirable. For this reason, the embodiment
-. 3 1s configured to carry out digital processing bj using the
- smoothing qircuit 52 without ﬁsing any large-capacitance

capacitors.

Next, the characteristic operations of the embodiment 3



driving circuit is considered, an A/D converter for detecting the output
vol tage of the piezoelectric transformer is necessary separately in
consi deration of the above-nentioned obL?gL (A). Therefore, this causes a
probl em of increasing the cost of the LSI. The piezoelectric
transforner-driving circuits in accordance with the present invention,
described in the enbodinent 6 to the enbodi nent 13, have been devised in
consi deration of the above-nentioned objects (A) , ( B) , ( C) and . ( D
)

) in order {@1atbai GebBeibell 0W18Y B9 rRFSririhg) to F1&.) 10 3 ) . ( 4

and (5). (1),a drive systemsuited for digitalization, capable of -83 .

obtai ning a dri ve s dxtlgd g il BEGYRBCYaESehYY Oy | Bl

cl ock having a | ow frequency ( a drive system capable of attaining stable

operation regaeti €% )0bePPYE! HO'RR )Su‘f?htt?ﬁfolﬁlﬁ% %%fg 2 t adtbcRofl' 4 \4h

pul sé duty control system capable of aftaining cilency in a wde

power suppl Ynpakt ﬁgetﬁénﬂﬁcff’f?gnégtéﬁfcﬁfﬂt%PJ ﬂitﬂﬁéﬁa%@ﬂéﬁw.sﬁhe

| i ghting perfornmance of the co ode tube w thout ap g excessive

1 1 T R i | i 1 i f i 1
i e of  abnonrBrtg 8 el tade SRR OHERIg b eVl Wiihl dh oGS B i
and the "kiaTthpréPGi@Cﬂ G T AR 8Rt8§:aftﬁ%ne.”bfﬂ'€$$tjb§aleme

enbodi ment 13°in .accordance wth the prese nvention w scrl/t%)ed

bel b ' th q_.rg):]acq ] : di '
bleog\liv d?/agreg:%h?ﬁ%\%ekgstlﬁgtgll%gzoe e?:“éti%l%cqioﬁ'\gr? grsr%am‘ r:i\r%rxs/y[gté?rﬁ%oﬁ%es :
nmbodi t Qe WY ' t In F

o cz0el oot r S PePaAH PATERY fidbi Ly BIFRR epelh €8 $08m fh (1], o8 P18 20

; aty Y : .

et o oo 4% b ELAORne R AERNCLLAGE SURRRALEOR' GEEGLER, 44 ane

transfornmer 201 is app to t cat pre-transfornmer
2-02_ then a digital signal shown in (c) of FIG. 10 is output.

Next, the smoothing circuit 52 averages the output'data‘
from the A/D converter 61 in the cycle of the smoothihg cycie
pulse signal shown in (d) of FIG. 10, and the processed data is
output. The embodiment 3 is described assuming that the cycle
of the smoothing cycle pulse signal is 8; however, if this cycle "
is made 1onger, the number of samples increases in proportion

 thereto, and the number of bits for the A/D converter 61 increases
- equivalently.

Tﬁe principle of the above-mentioned average processing
will be described below by referring ’to FIGS. 11 and 12.

'FIG. 11 shows a case wherein the detection current 1s
sufficiently rectified into a DC voltage by the rectifying
circuit 51 and input to the A/D converter 61. Furthermore, FIG.
12 shows a case wherein fhe detection current is not sufficiently

‘rectified by the rectifying circuit 51 and has AC components.




is an el ectromagnetic transforner and is di sposed ahead of the

pi.ezoel ectric transformer 201 to conpensate for the insufficient step-up
ratio of the piezoelectric transfornmer 2@%.. A current detection circuit 204
detects the current flow ng through the -84 cold cathode tube 203 and
converts it into a voltage signal. A rectifying circuit 205 peak-hol ds the
sine wavel i ke voltage signal taken out fromthe current detection circuit
204 and converts it into a substantially DC voltage. An A/ C converter 206
converts thgnveiGagelDunaitly,r ahe ke psCoEi tMe Gredws Uind LOSté NEe Gatipdid al
signal . A smpothing circuit 207 snoothes the digital signal Vad output from

- the A/D conpeihes 3£6thé Xy pIeuintarteresl CYThethdNeasa80ahbRAI 1 ©I¢ cuitt, 207
- in the enbodi ment 6.carries out snoothing by average processing. An:error

vol tage cal eveat 1Pncid Igatigle? 9% 16t ares1hBPe85BAL Mt kb SRR t 3G & adtddtlor F om
the smoothing circuit 207 with the reference data Vref set externally,

cal cul ates rBgo2ut2bnbebWBENobRAINYE rEtlaling WeThahyed,” UndYorly the
predeterm ned coefficient K, and outputs the result as error data Verr. The

error vol t agesed&dbal d@fefnifed by’ CReCRIRbES OF Bmtacwf&h%oﬁé‘nféﬁnverter

calculating the difference between the reference data Vref and 'the snpoth

si gnal VI pf gandad BY! shPAikéa 208R e Ui Ring easbhsne}&hpmh gf{sa P, Wp
adder 208A by the coefficient K and outputting the resu requency

setting ciragiphydngelhe! RO ééﬁ HﬁEﬁiﬂsOEot Bfie U5+ VG UleiFe £ %@éreﬁg
pi ezoel ectri c transformner frequency setting circurt 209 has an adder

209A and a dgf @Mecléﬁ%fdQPQﬁue mevcwoeﬁﬂeacuf SHd W) Contlire 0812008 £ -

subtracts the frequency corresponding to the error voltage Verr to6 or

the previ OUSJ ABINEY S6EALAG VHIBLIRIGY 2 r@é#pd(rfﬂ'ﬁ g todtnklRufibbAYor
circuit 209 and outputs Mbit data Ffreq. Th requency setting circuit

209 i s configgtpaes QnoWddie 1BP S &thd Hunsdr \G¥ Wi, the time of power-on.
In addition, the output timng of the-frequency setting value fromthe

frequency setting heCehhrdBPerstehs! andavperheions! S0 ted dadthr
Fprev. A frequency division ratio distribution divider circuit 210°di Vi des

the frequen@irduilith1megher smbethiRy @'ii-bh'i'@ushnﬁnahﬁhérﬁﬂﬂ%@ﬂv@ft’éf' &
ratio, so that the average frequency division ratio Div in the N cycl es of

the drive puliseny embbdifent’ BeHAVeOBeblicd838Lsp8E 4DEVME Dihe Ugparatists
output from, the frequency setting circuit 209. The frequency division

ratio ' distgg behbercdidities, Guctlas thebRoradlitalidd Bulicdn atiilonléirddfA

“an adder 210B and a divider circuit 210C The distribution circuit 210A is

a circuit foy, dipd rerddflendyt f&%t't@.‘f@ drdiite ‘éahﬁdAtHE itﬂﬁedahﬁe':i:ﬁéqsatﬁet he

N cycles of the drive pulsé signai: The nunber of bits been set so

that the-relzd iaisdd Radrdvasdn Mn%tiﬁo@éfxﬁéﬁﬂ’éﬂé’&‘ éﬁfﬁ!)&i:Nehﬁ N angM;

therefore, H (high) level data is output Atinmes during the N cycles of the

drive v pul sémisddifiiént 2.

The dividar circuit 9a in the embodiment 3 may have the
same configuration as that of the divider circuit 9a of vthe
above-mentioned embodiment 2; however, eveh if a general divider
circuit is used, it does not affect the voltage detection
operation of the embodiment 3. |

As described above, in the embodiment 3, by using the
rectifying circuit 51 for carrying out rectifying by peak holding'

and the smoothing circuit 52, ahigh voltage detection resolution



At the adder 210B, the output data (0 or 1) of the distribution circuit
210A is added to the high-order Mu-bit M- M ) data of the above-nentioned
Mbit data Ffreq . The. output data fromsshis adder 210B is input to the
divider circuit 210C, and a frequency pal sa signal frequency-divided by its
frequency division ratio is output. -86 A reverse-edge processing circuit
211 is a circuit for carrying out the reverse-edge processing (the clock's
falling edge processing) of the master clock for the frequency-divided

pul se si gnalcagubprbtaigng evenr b§uedoy-dilti 3/ Droomtent alr stsr ibati, othelirabyler
circuit 209. The reverse-edge processing circuit 211 has a reverse-edge
circuit 211MavingripGgareatdedfedied atedtydiorg laisthi ng t he above- nenti oned
frequency-di vided pul se signal at the.reverse edges and a sel ector 211B .
The sel ector 211B &vnt pdditihe,ddtaisr awtt hecessaryeteddastialduia IEEb%JWhen.
the output of the distribution circuit 210A has the H (high) level, or

out put s t he capaeiftanoe bepdcitderin |mra1pn.e2¢6£emb3mtmm¢mﬁeh8@ri\h:md}
(low) level. A power transistor 220 drives the piezoel ectric transforner
201 by usi neritttomidr pfetipeleawbaligrenit Gyt pheréfore!, hehé aspace -fotgpaptecessi Ng
circuit 211. In the enbodinment 6 configured as described above, the initial

val ue of thde sayadndthesrby betagdut ghly feffedtite 1R Mg Soinpadd ¢idés! t
209 is set on the high-frequency side sufficiently higher than the

resonance p@ppamatuses moxsoaampactc. t ransf ormer 201, and control is
carried out by using the inclination on the high-frequency side. In the

above- ment i oned coRfbirgheamome, Lhetlsenmbodigentciss thet SR06¥RGLYI BUreu L€ Ui t
207 is set so as to be equal to the distribution cycle N of the frequency

di vi si on rati2 idi sonfbgured b catdey outcavdrad pﬁN@éTs,s:lldiﬁ BpRefrelrQNeh Dé
the piezoelectric _87_ transformer-driving circuit of the embodiment 6

- shown in FH(averaga1pnddeda1n@eisrbhsdcaElQBfiIBennﬂr&éeﬁs£ng@veﬁ@féfore,
di agrans show rig the operation timng~in he piezoelectric
an IIR digital filter for example can be used instead as a
smoothing circuit.
| Moreover, in the embodiment 3, the peak hold circuit was
used for the rectifying circuit 51; however, this rectifying_.
circuit is not particularly required to be the peak hold system,
provided that the circuit uses a system;capabie of carrying'out
- conversion into a substantial DC signal; for example, a system
for carrying out conversion into a substantial DC sighal.may'be
used in combination wi;h a filter circuit having a relatively
small time constant in éomparison with that of a full-wave
rectifying system; in addition, it is possible to use
.configurations of a variety of general rectifying clircuits.
FIG. 13 is a block diagram showing the configuration of

a plezoelectric transformer-driving circuit in accordance with ;)

another example of the embodiment 3. In the embodiment 3, as



transfornmer-driving circuit of the enbodinent 6. In (a) of FIG 25, the .
waveform shown in a dot line is the voltage wavef orm obtai ned by the
current detection circuit 204. Although-&8r-ectangul ar waveformis generally
‘used to drive the piezoelectric transfornmer 201, since the sharpness of
resonance, the.Q value, of the piezoelectric transforner 1 is high; only -
the fundamental conponent is taken out fromthe secondary el ectrode, and a
substantially sine wave is obtained. Rectifying is carried out at the )
rectifying ERpcEmeotising £xhs &f the smepibingveiraubt 53 cinerpaspa edhebl e
by the A/D converter 206. The waveform shown in a solid line in (a) of FIG
25 is a recfietpefiopgrrgolulen rdises, dniprpporicianaleghpyetios heweveyi dg
circuit 205 is converted into the digital signal Vad at the timng of the
sanpl i ng cl 48keskématpd thptothp| cesponse speed Dic sondmodsr 120@rstheThe
digital. signal Vad is then averaged by the snoothing circuit 207 in a

‘pr edet er ni nPdeggelectrier tpangformarndrivdnggeivgupit shawn, inHAIGi <13 tise
digital data shown in (a) of FIG 25. In the exanple shown in FIG 25, the
cycle for saootpewit forspreventhngative prodflemof this dowofespenseispeesl se
signal. At the error voltage calculation circuit 208, the cal cul ati on of
Verr = K x (Vref -Thepplezoslentnialtyansfannerhdrévdog chtouleraof ERGWLI n
88 (g) of FIG 2 is output. This error data Verr is input to the
frequency sadstpreyided¢withzempohdngduexntiaen 6R0 qumpaiicing Ewbismp ot ing
Fprev. Then, the frequency setting circuit 209 outputs 'data Ffreq, that
is, the cloclhricnddscheqa andtizb and @ eelefctiore cdrcud tplitseinsyead. ofitthehe
frequency division ratio distribution divider circuit 210, the average
frequency dismositddngaciiachilt 52 tshown dyc|RIG.0f9 .t hPher fiespulspeothdngl i s
di vided so as to becone Ffreq/N as described before. An exanple of. this’
operation i sigieait SRaraml e secamd smoafiliing cdircdit 52b( havef tiké Ganks
shows the nmaster clock; in synchronization with- this naster. clock, the
error .vol t aglogthingheyelen @ng Yheir mn@otleing pbaisest are difitérent Axdmwn
with the snoothing cycle pulse signal fromthe error voltage cal culation
circuit 208eash ohbher; e ik splesttiomgicruitil4 18o9¢onfiigynedrtmswatchbrthve t h
t he pul se signal shown in (c) of FIG 26, having.the same cycle as that of
t he snoot hi eptpatiscof Hheetwo giatcudis bshay ik f thedfkransmoothdalgagitdud ing,
the error voltage Verr is added to the present frequency setting val ue
Fprev, and t32& a@gulithei segondusmaothimg clircudtt Fdbexaepas tboomtput Rl
26, the value of.Verr is 2 when the data output pulse of the frequency
setting ciraewestoBnoollc)ddts athald (tingy . | dneltheapd ezoe feadisncy
setting value at that tine is 23 ( 10111 in binary) ; therefore, the sum of
the two, 25 {rettfiormexy-drnivwingiolrcuit oft BU6. al3 i Hheneameccompohentsias
tl). (e) and (f) of FIG 26 show the high-order 3-bit data -89 (frequency
di vi si on ratthpsexshiowneln dhepatiovezmpntigned I ¢t abetrepyesgnted byathe
Ffreq (5-bit data)~output fromthe frequency setting circuit 209

respecti vel ysang numerpésdiand thetabovermentidued exphanhtiens@aterapplied,
the distribution nunber is set in the |loworder 2 bits of the 5-bit data
out put fromtheréebegmdttingeoventapiexpliansti®onsg.g) Thedoperabiofrtdming efiow
di stribution exanples at the distribution circuit 210A, and (h) and (~) of
FIG 26 shovkhe@igagedectrieptyanstormerdidriydngctcizgnd t2slhown [in HIG.t k3
case, operation is carried out so that the clock cycle in the period of the

 four cycles %9 shewndinBIGuide sFEGall4 distaitisdng dlaggemntyr dihe 3penbit

is.equal to the value of Ffreq, thereby raising the average frequency '
. resol ution. R converdyercle theofdrsitngmeotbing Arcwie52ecand khe apgpnd
t he frequency change of the drive pul se signal wherein the abode-nentioned
frequency dismeobthingt¢brewlti $2pbi but ed. : '

In FIG. 14, (a) shows digital data that is output after

‘'being A/D converted at sample points depending on the sampling




Since the frequency change of the drive pulse signal directly affects

bri ght ness change; therefore, if the cycle of the frequency change is
particularly long, flicker occurs. In addi%ton, abrupt frequency change
causes ripples in the current of the piezoelectric transfornmer 201 at the
change point of the frequency, and applying stress to the piezoelectric
transforner 201 (causing breakdown). For this reason, the frequency change
shoul d preferably be as small as possible. FTG 27 is a timng wavef.orm

di agr am shoﬁlr?é’]%/?l‘ét@b‘éﬁé'ﬂ“o e sagplingiglockgeperatign Gk pag Thimit
211. 'In FIG_,27, (.a). shows the master clock, (b) shows the output data of
the distrib@4%tad; ek 15, apPULLFO(beth Ehem%iﬂtfﬁﬁ Smepthing: aleeuins2a

di vi der circ%iﬂt’ \g}loc. In this exanple , 0, 1, 0 and 1 are output in the
cycle of th@nd the eFeRrd Smpphhing sloeuid §2pi baRrd Bvenaged dn2the, cyeltet he
frequency division ratio (clock frequency) of the drive pul se signal output
from the di Wadhecflzatt speothbhg #¥ele Pylse shanal () PsvELSe- kéYyeand
circuit 211A, the configuration of which is shown in FIG 31, latches the
out put pul sé&h8 g¥aleypf; thejsorand smpethingifreguenay pulsengienagbs(od)the
mast er clock and carries out signal sw tching, thereby obtaining the pul se
si gnal show?d K LGt) 147 -reepegtivehy. schacshown 1B (b eadf i(gur o6 FEGoul$ut
“the output pulse signal of the reverse-edge circuit 211A when the. output
of the di st iutfigietcismaathinm cxale tprlse (3dapsl | Gvkland the csegondt he
out put pul se signal of the divider circuit 210C when the output has the L
(1ow) |evel 8 hing €ycle pulse ajanal dl)likave the ssame ewdle sandit put
fromthe selector' 211B as shown in (e) of FIG 27. In this way, the

rever se- edgdifFfrrant Rhasesuian® Bre Ronfigeedite uppipeti smootie datauency
change of the drive pul se signal.- The effect of the reverse-edge processing
circuit 211 &htexnatelshendhegostpPutefgprm thpufisatssueethingt ¢¥cle pulse
distribution circuit 210A.. The difference in the effect of suppressing the
frequency clErabanktdhe utiteram tthe gesend amepthingucyobe pulbde
systens will be described by referring to FIGS. 28 to 30. FIGS. 28 to 30
are wavef or iR} AR *WdtengdeRpl thatsokecter glinan taddumndgthant output
distribution cycle is' 8 and that the frequency division ratio is

di stri but ed §%5PM Hhes sMratdulng portign B2GQul 36 &i gashltinashehdwst inb(g) on
met hod shown in FIG 28, in the data Ffreq output fromthe frequency
setting cir@f £I809144 Hd Lspessitbla tapbtadnaa Bigktalesionglt smoothened
distribution of the frequency division ratio is distributed fromthe first
Oth cycle tdR kbefinlEgyrde of gheramrooikhing cyche -di ¥dn theitdmisig dlagranoC
outputs an H (high) level signal in the first cycle to the Bth cycle, and
outputs an 1°% ¥ 14 Resignatkes iany rglyen+datad.th cycle to the 8th cycle. -
In the distribution method shown in FIGS . 29 and 30 , when the dataB is 4
or less, the H (hi J® theyplezpghgrtricdtsanpsformer-dravangngivendt shevwas ;
when the data 8 is 5 or nore the ~i ( high | evel signal is distributed
in odd- nunbet®dthe akave mentioned HOEG shbdn the Fexample Byingetbeetwei on of
t he reverse-edge processing circuit 211, at the tine of 8-to-9 frequency

di vi si on shi§ReeEhRg £ ts hasmnd 524- s ishayisnbpweversi bk ishpessiblean
8.5 frequency division is always present therebetween so that abrupt
frequency chehgRddbetorpllpctnstalpyeething ehecuitseod of distribution
cycles, i.e,_8 cycles, an 8-frequency division pulse signal and a
9-frequency Hf i§ ghvideE ek 9&r¥np‘i%&ﬂtb imemntad by sIopf iguxeshjust
causi ng frequency change of one . frequency division at the maxi mum In

-92 ot her wotHke the ghevermentionedempadientdunthe fiegquergy sesedytion

of the drive 'pulse signal can be obtained by using a low clock

frequency of about 10 MHz, whereby the effect of the LSI formation

can be made higher.



to the-piezoelectric transforner 201 due to abrupt frequency change is
reduced; however, no significant effect is obtained for flicker occurrence.
On the other hand, in the method of FIGS6®9 and 30, since the maximum
frequency change for the period of distribution cycles 1s 0.5 frequency
division, inprovenent is attained in preventing. both the stress to the

pi ezoel ectric transfornmer 201 and flicker occurrence. The drive pul se

si gnal obtained as_descri bed_above is_power-anplified by the power

transi stor 210 to 4RiWA® eRROFIBeRE }ef the Prafens invention, asdesanibatg
circuit of tgeapieéﬁelectricAtransforner 201 of the enmbodinment 6 , by the’
above- nent i BREYCapEhe A/ Inconvertedsmade taphapata Levnbi heanfigunas tanye
calculation circuit 207 becones a positive val ue when the current val ue

det ect ed by thREeEfereanpniRRRLPI AL ESFELIPR LAltage |IcARbet Aanvertediinto a
val ue, in other words, when the digital signal WV pf output fromthe

snoot hi ng cPAgditeloganal | byasinga ko 9edt condd gumationef theyeby badng t,
the frequency division ratio distribution divider circuit 210 increases the
frequency dﬂé‘@@itéﬂ eéfestive dnnimprevYiRg east meritt dn thedkSE ifnrniation
carried out in the direction wherein the frequency of the drive pul se

~signal | owePE tBedIra¥ingeFlgpulsti olnfaddibt oz othe conventiongbranaladl

i ncreases: By this operation, the current flow ng through the cold cathode
tube 203 i nCA&S¥d4 requizem a Hargersapamidangre reapreitor dmingl ue
detected by the current detection circuit 204 is higher than the desired
val ue, in ofdSrdyaniagegis inhsayigo: dnssrdadativnpspagepuowever: htn the
snoothing circuit 207 is higher than the reference data Vref, operation
opposi t e t o Ph¢SeodavaREiprsny Gdi@idaldiz ing gmeothangs hit disepoagibleito of
the piezoelectric transfornmer 201g decreases, whereby the current flow ng
t hr ough t he o®Had e & 1gReat @ff o3 I @aving inglal xatlab@Eragent i oned
operation is repeated, and when the current val ue detected by the current
det ection cis’Ehodimenseores the desired value, in other words, when the
digital signal VIpf output fromthe smoothing circuit 207 is equal to the -
reference data Vref, PiR&ogdestvic tyangformeamdriyiag eireyitada

~calculation circuit 208 becomes zero, and the frequency of the drive pul se.

signal is st@@g59ndance Asltde anhadimenfole, am enkodinent| ek tthe presaibr ner
driving circuit of the enbodinment 6 in accordance with the present

i nvention, wisrenton: Wil e desqpihed dejow by acefsrring uemctheli vi di ng
the master clock, the frequency division ratio is distributed in a

predet er mi n@&FQERANY NG drAings on i s rai sed by using the average
frequency, and the_processing of using the reverse edges of the master
clock is carried oG -Théris dlagk dliagnam showing thesconfibgurationgof
circuit of the enbodi nent 6 can obtain frequency accuracy tw ce as high as
that of the theprezgalestEic transtomer vdrivitng edaiowiitorf dhet¢bodiment

4, an embodiment of the present invention. In the embodiment
'4, the same configurations aé those of the above-mentioned
embodiment 1 are designated by the same numerals; the
explanations of the embodiment 1 are applied to the same
configurafions, thereby omitting overlap explanafions. FIGS.
16 and 17 are timing waveform diagrams showing the éperations
of the piezoelectric transformer-driving circuit of the

‘embodiment 4.



average frequency is raised, and it is possible to obtain the frequency for
setting the brightness of the cold cathode tube 203 to a desired value. As
described previously, in order to obtain® frequency resolution of 10 KHz

when the drive pul se frequency of the piezoelectric transformer 201 is 100

- KHz, a clock of 1 GHz is required in the nethod of sinply

frequency-dividing the clock. For exanple, when it is assuned that the

di stribution cycle,N_=10 ayerage resolutign of 10 Hz can be obtained
at a clock of abou?n-fotqlq—gsugﬂé? h%ﬁg&v&regu?gapg Ay Séxannasied and
the like; ir11: addi tion .citres€ tg t he piezoelectric transforner 1 due to '
frequency dicSt? FBEEEBY dekedEer WAVe Rectifdesthrigetpesienyiodgagemd
it is possihle to have an egffect of suppressing flicker. I'n _the

pi ezoel ect r it FAMRAERFRF- ic\ﬂrﬁ?@cc,tietdcggtﬂb? SRAYSIrReRlLFingcireuity)
formation of._the error vqltage calculation circuit 208, the frequency -
setting cirCd Copgres, & %’&V& wegtofked ivwhtrage i planah with der
circuit 210 _and the reverse-edge processing circuit 211, it is possible to
si gni fi cant Irfr%re&%’é’@ thevedysdgnads 1pputs exteenaiddve, Whenethecvoltagelkofig |
t he conpact ,yi deo .apparatuses nore conpact is significant . As described
above, in a5¥’@r s WReh Rertidisshivakdiage @Fignwl pkeskower nthan ithe by
using the reverse edges of the nmaster clock, in the distribution cycle N

=' about 100 rengerlevel, theggomparatempild eytemts AnahLivievet pulse
resolution of 10 KHz froma clock of about 10 MHz usually used for a liquid
crystal contfi§nNad tong PRise; kkdth fiatachion £ifiqudt il2anwheni the veltage
obt ai ned for tgﬁﬂ%la%l t?‘:ﬁi zation of the piezoelectric transforner-driving
circuit. Ini - than, fhe.rgferppgre develdrcthet gomparpterobl eceutpets
transforner dug to freguencg di stribution can be. reduced by ‘

t he, rever se3ig# prE¥ELsPHEBe FHIRAL ko fhes pylse wilshedaterthpon| chpeult
effect of s ressing flicker. Enbodinment 7 Next, a piezoelectric
transfornmer-tiiving circuit in accordance with enbodi ment 7 of .the present
invention will be described. The enbodinment 7 is a proposed driving circuit
having a drive pul $8€Bty-seoliAsh dpteckienpabreusdt A2t pkpagshtiye pulse

ef ficiency i wi de power supply voltage range. FIG 32 is a block diagram
showi ng t he "E‘i"g}b%mfé'éfer prligeSlanal.eutput foap the aampasatarl bnilhe pakse 7.

In FIG 32, t component s havi ng t he sanme functions and configurations as

‘those of th& deheqtioh ¢1x

i frénis conflgesed e dhaly a Asivanpulse
nuner al s, agélrﬂt hei r. expl apations are omtted. In FIG 32, a mcroconputer
syst em 200 Tk §W€ao%va1iﬁrs%¥%t Pa dspiepysoandize thadt sheopalses
means for inde(i)ﬁ%dentl detecting power supply voltage and a ROM for ’
storing pul $E4EYLR detiectrdinsrhoniratianwish thawdrivemilse/signad,
and is configured to notify the driving circuit of the enbodi nent 7 of

pul se width data. 2S geseitped apayeo Plezeed eglaia st rars fasmear -
apparatuses usually have a power supply_voltage detection neans to detect
the remai ni rﬁ;“a‘ﬁdlﬁzt"jcﬁc%%a?ﬁ ctBe emhodiment ntnts 7conEigpoedr tauppe ythe
voltage information fr this _power supply voltage detection nmeans. A pul se
wi dth setti riPRIRAKT g??%@t@q helfoyere feptlffingeipouds 83 @savodtagat

from a'frquée c di'vi sion ratio distribution divider circuit 210 on the
basis of th ?)i'o%/@i WU BisARs, BNt A dpkeGt e o litags da¥ed by detestdag thetem

200. The pulse wd g etting circuit 212 of the piezoelectric .

t ransf or ner R}‘}elﬁﬁ Wé EE’r‘E%i ulse sdghadi dptRutl f«?aqm the vddagepdgtection .
specifically. FIG %31 i S % bl ock di agram showi ng the configurati.on of the
pul se wi dt h R{ANS ng Sncauithenbezoelesbric itransformer 1delving eipoydt of
setting ci rcq{gﬁt1 2&)2 $as a counter circuit 212A; a nultiplier 212B, a ,
decoder 212CHfFUPedinent &) 1§ configured tRe thdsnway .cARcanalogoyolsageset
by the pul se signal output froma divider circuit -210C. The nultiplier 212B
nul tiplies tRP %Feﬁ%ﬁegtaﬁ\ﬁ%%ﬁ dhehtalsanal; by uskng dde coshsraguend

pul se width data output fromthe m croconputer system 200 . The decoder
circuit 212(9%?%’%;%1-9%(hi gh) level signal when the counter value of the
counter circuit 212A is equal to the data output fromthe nultiplier 212B.
When the out put pul se signal of the divider circuit 210C has the H (high)

| evel, the flip-flop circuit 212D is set in synchronization with the naster
cl ock; when the output pulse signal of the decoder circuit 212C -97



has the H (high) level; the flip-flop circuit 212D is reset in

synchroni zation with the nmaster clock. The other configurations in the
driving circuit of the enbodinment 7 are-6é@bstantially the same as those of

t he above-nenti oned enbodi mrent 6 shown in FIG 24. The enbodinment 7 differs
fromthe enbodinent 6 in that the enbodinment 7 is configured so that a
pul se having one cycle width of the master clock is output as shown in (c)

.of FIG 34 described | ater, although the pulse width of the drive pul se

si gnal out put from® REGkEkpRNcInsl Rissilonthet ¢asedi of rilriabovedimenddioned
circuit 210 has not been nmade specific in particular. The operations of the
pi ezoel ect r eBPPAEMSREr frerthe Dlieggedectailc branaformbrdidméming chrdu bt rof
descri bed above will be described by referring .to FIG 34, a timng

wavef or m di §§egmbodiment @ ds gat steawindd teadtneludeos Karged dapagitiace

w dth setting circuit 212 shown in FIG 33 operates in synchronization with
t hi s nast er C@Paektorh) therefore3thh spacehfonpaut s dmtrabef saved adtheredi)B,
showi ng the frequency division ratio of the drive pulse signal. The drive.
pul se si gnabednggreatly efifestt iFeGln fkilngocoppact nddddapparateses infond t
210C depending on the frequency ratio on the basis of this output data.
When t he ourpmpaptl.se signal of the divider circuit 210C has the H ( high)
| evel , the counter circuit 212A is set at "1," and the value is

i ncrenmented in syrthe @pexationsidfhthepissielect ol ramdtommer drd)viaig

FI G  34. 98 At the nmultiplier 212B, the output data of the adder 210B
is multipliedropithef ddtenefmbpodimentf4 Wikl Bd Jedariised beddw bpmdferring

m croconputer system 200., and the data showmn in ( f ) of FIG 34 is

_output. At tPeFdESedd6 emdcdit. 212C, when the output data of the counter

circuit 212A is equal to the output data of the nmultiplier 212B;  an H level
si gnal is ofhgusine gjavg sho@n Bn)(a)Th€ FIG plf6l bp aisigmal RAREFosmattpyt t he .-
out put pul se signal of the divider circuit 210C and reset by the output. .
pul se si gnafrem the cusrendrdetedtox hambysavpltagagigmdlgnallrhas wdletaté ve .
pul se signal. As described above, the pulse width of the output pulse

‘signal of tIsdgpailsdswhatlif -seatve nrpatiifdieid byl X hes helrwaveeddntifiyinigl vi ng
the output data ((b) of FIG 34) of the adder 210B showi ng the frequency

di vi si on racigcyfitt B3, dandetipevwrl triggnatignalnshowpl ied moltiide 1dataig (&) . of
FIG 34) transmtted fromthe m croconputer system 200. In this way, the

~enbodi nent Pf EIGenlbgls eslitput [faton thedha)fvahve pécthfydngveipehse 53 gnal

is made variabl e depending on the data of the m croconputer system 200a
Theref ore, Bt &bet copparataiold- nthei bakfi-vavy vattifiefgeatignal ofrdrhetipover
supply vol tage detected by the power supply voltage detection neans

pr.ovi ded i n hais -vayeorectdifaringy clequ20053 tim conpanedl wd thf theerefémvengel se

signal can be set at a given val ue depending on the power supply voltage.
For this redeyel indilcated dnng dotcline dfn t(e efb@dliGieds,7andt the pakse bl e
to obtain an optinum pul se wi dt h dependi ng on the change in power -99

-supply vol t agyeformtshowmainis(c )t hef #1G. rip cis contpwt. t he

As can be understood from the waveforms in (b) and (c)
of FIG. 16, the pulsé width of the pulse signal output from the _
compafator 11 changes depending on the amplitude of the half-v}ave
rectified signal at :the reference level. | |

By using this change in amplitude, the piezoelectric
transforxﬁer-dr:l.ving’ circuit of the embodiment 4 detects the

voltage obtained by the éurrent detector 4 depending on the pulse



enbodi nent 7 can drive the piezoelectric transformer at high efficiency in
a wi de power supply voltage range. As described above, in the enbodi nent 7
of the present invention, the duty val ue68f-the drive pulse signal can be
set as desired depending on the power supply voltage by the power supply
vol t age detection neans of the m croconputer system therefore, it is
possible to obtain an optinum pul se wi dth defending on the change in the
power suppléi %hﬁggq%%%ln ot her words, in the enbodinment 7, it is possible
to drive th éi PReSE, shaRat AUYLRIL AXGR Bhe qompatator 41w dEn ddwer
supply VOltaﬂi rangg. IgPthe | ezoel ectric transfornmer-driving circuit of
the enbodi BRS¢ WhdtB:ge ofy 9t aWd trldoerthe datingtoken migiihe mvkaet e
drive control .can be carried out for the cold cathode tube 3 dependi ng on

t he usage eW?FanﬁﬁnFéqPEFPGhFﬁe§§,°P€ﬁ$@ﬂa?9?eiﬁnﬁh9h@Y¢lﬁeuntﬁSegﬁnﬁheﬂ
of a cold cathode tube_ 203 driven by this driving circuit. In this case,
measur enent SYRFAankdaddy S4nensigaadeontpntofinemt ther eurnent| dGetectr the

m croconput er system 200, and frequency control is carried out dependi ng on
the result &PTtkBigaredseon .orthe mitlaeomidth detquision|elrenitbik? dis t he

bri ght ness of the cold cathode tube 203 at a desired val ue. Enbodi ment 8
Next, a pi efo8fdgres toasamanhwutd datieatian qyt tusing a ' mose sdanalarioe

wi th enbodi nent 8 of the present invention will be described. In-the _
enbodi nent §ynghgosigatden wdth the rianal dromethe i dgie cdmiond tspatfor
even i f power supply voltage lowers is proposed. FIG 35 is a block diagram
" showi ng t he 9sPexeEHaE: the Wrdie pukse ddignadg circuit of the enbodi nent 8:
In FIG 3f, the conponents having the sane functions and configurations as
those of the above{@2n®foREQ.ehboshesata @etedtion cycle pulse signal to

t?e ;nput from the divider circuit 9a to the pulse width detection
circuit 12, The pulse width deteqtion circuit 12 counfs the pulée_
widths in the cycle of the detection 6ycle pulse signal,‘and
outputs pulse hidth data shown in (e) of FIG; 16. This pulse
width data is-smoothened-by a smoothing circuit 52. The
smoothing operation of the smoothing circuit 52 énd the. effect
thereof are the same as those described in the above-mentioned
_embodiment 3.

(£f) of FIG. 17 shows the smoothing cycle.pulsevsignal in
the smoothing circuit 52, and'(g) of FIG. 17 shows the output
timing of the average data, that is,'the output»data of the
smoothing circuit 52.

The operations of an error voltage calculation circuit 7, a
' frequency setting circuit 8 and the divider circuit 9a, and the
overall control operation in the embodimentf4vare the same as

those described in the above-mentioned embodiments 1 to 3.



7 are designated by the same nunerals, and their "‘explanations are omtted.
As shown in FIG 35, the piezoelectric transforner driving circuit of the
embodi ment 8 has a peak detection circuitt9413. This peak detection circuit
213 has a function of holding the output voltage of a snpoothing circuit 207
for a predeterm ned period, conpares the output voltage of the snoothing
circuit 207 obtained at that tine with the held voltage, and detects the

resonance point of pezoelectric transformer 201. FIG 36 is a block
di agr am showi ng a %gng?gfz‘ggbﬁénﬁk@v&’ tRetheaRigepedecsric teansforger-A

del ay circui el t out put voltage VI pf of the snmoothing circuit
207 by the é&%ﬁi@&%ﬁﬁfwﬁe @%P%ﬁéi@ﬁ%tﬁ HQR@WB@W%@@ dsdarmiced
outputs it : reinafter; .th ut put voltage of the delay circuit 213Ais -
sinply ref e'rordeiig o updng,the i‘agt#fﬁ'ér‘ﬁesﬁ?qﬁ%rf&ﬁqg IR WINES @nd tihd evel of
- the out put \éltl%%e Vl&}f)f of ,the snoot hi n% circuit 207 with that of the
out put vol tag’én AFO%r llie thazgfagne c ol teges deties tdmm dismarades nassible

configured q_t?’u{)ﬂu}tl an H (hi 85}) | evel - 101 signal -when the out put

vol t age Vdl &’ ot ThER AAHFaGY PYiysinga s4nple gad lewncost annfligunatiorge

VI pf of the_snoothi ciycuit . 207 and to output an L ( low |evel signal
when the outh éﬂ?ﬂaeeéﬁﬂ‘i/t itheziegf] t¢ shonifidaantednhtine digdrte Inafdtaron t he
out put volta f tl]%conparison circuit 213Bis sinply referred to as
“Vermp. AT f|°%§- o PLEZPeEC tRISC thansf ormeat- dndivdmicv e induist .circuit s
reset at power-on 8{1 \ég1en t he out put voltage VIpf of the snmoothing circuit
207 is larger thantPRESEAHOR EesolutdenpErthe ¥od tagepde teahidn (system

| evel si gnal .tg\g th§ gg_ggr hand, in the cases other than described above,
when t he outPut-*FoPPag Bt 6f ienexphabredngviken cit t190vssumedraiiatr thean

t he out put vol tage \Vdl f the delay circuit 213A, that is , when the val ue
of Vcnp has %%@a%a(tﬁFgﬁ}?ﬁaév@P,iq shapactesiphle:t the aesolation of thdges

of  the comparison circuit 213B fromthe L (low) . -

of the out pyf \‘(:olta e chg

level to thd°H SgRFtPELLPD b thegpmparates Lbldemensisyonl thé fidesniBney
flip-flop cig gbt 213C (the qutput signal of the peak detection circuit 213
Y is sinply%elBPMRFYY Slaglkder counting Um pulse widthsi andrthecyclecui t
214 is a cir i}‘Ffor swtching the sign of the output data Verr of an error
vol t age cal c?%luzg oﬁmeF’\?%ErPS g B'CHéiSeﬁgi-ngFQﬁl axammle pwher girtalisVasdemeds

t he peak det,cs%&ifn %&_cuit 213 . When the output signal Vpkdet of the T :
flip-flop citPRYithe ie.§reguencyef) @ piegeelechvioansfitamerv/aris Aoot he
error voltage calculation circuit 208 is -102 inverted and output; on the
ot her hand, “WieARAhERBE: bt Bpgkar edecknits 11Q MHzy )10 /100 RHDu [LOO
data Verr of _the_error voltage calculation circuit 208 is output directly.
The ot her cdFESQEPALPBASIS APt AINes PRAE byt Puksearidtindetiectdion , oind fiais
enbodi mentng_ are sybstantially the sanme as those of the driving circuit of °
the above- neft PEREGYRFYRINEM thes FORA LUt LppGpezformancensifs aeplbdadi/ons

are onmtted _herein. The
converter. :

Furthermore, in the embodiment 4 the resolution is
improved by the smoothing circuit_ 52; therefore, it is possible
“to ob_ta:Ln ’sufficient detection performance.
In the embodiment 4, even if the smoothing circuit 52 is |
configured to carry out digital filter processing inétead of
average-processing, just as in the case of the above-mentioned

embodiment 3, an effect similar to that of the above-mentioned



operations of the peak detection circuit 213 and the polarity inversion

circuit 214 of the enbodinent 8 will be described below, in addition, the
operations and effects of the overaII(xyg ol of a piezoelectric
transforner will be described below FIG 37 is a viewillustrating the

operations of the peak detection circuit 213 and the polarity inversion
circuit 214 at the tinme when the voltage of the piezoelectric transfornmer 1
at the resonance point thereof is smaller than a target voltage owing to

the drop of embodimert URRNY BOIdRIEndd G 38 .is a timng wavef orm di agram
illustrating the operations of the overall driving circuit in the

enbodi ment 8. The gagvensi PHa HIIRA AL AG Al ransforner Lve: i ce, '
di scl osed in the Japanese nonthly nagaz?%g?pﬁP&&EﬁBEEE§H$é§$%gyfﬁg%éﬁﬁﬁﬁ 7

. 1994 (No_adbther piIaaRil st thidhasdptil Al dieth i) | rgptions of
the prior art, uses pa drive system V\/nesr el n trﬁe rlfi/rxreb fér%qé&g?\tgyirfs .decr eased

as | ow as pesddddarnde Wthfﬁénil‘}oYémﬁ’@nf’{r%ﬁQ& &St neritﬂﬁgggrgflvéfg&g#g?n

the voltage close to the target voltage. erefore, |

the drive 1'51._03Tfléeﬁ!!826¥139it§:§.é PEXREEoI:MErDgégviﬁgdciﬁggw'r%fggﬁci;h F4n

requ~.red to light.the cold cathode.tube canno e - obpt ai _

Lm0 11 8 prAve dan VIS BENLLNE S10 MAREIIGH et

enbodi ment 8 is a drive system equency 1's

order L0 b AL aSa1 S bAOI LHELPLYBLL AR L S Sl s

stays- around the resonance point, e 1's no

[ . oW ' ' f ebh di 11 be, d i b
el ow by ol e 1wy TIOYSRANY Scust o2 Re TR e el A P AL TR B o

S gpal havi RGN 18 2HHE° shoBINIREY phicSnOUbR L S Y LbP FUE Y e P Al |0

di stribution; when the average o ut voltage a e Poi * has

and e vol T age SRfchEaateTba ATy el BabolE dlohRATRTiRuet, IR AT

and the vol tage at e point S talne

FIG 38 as thpsultanyd stdliaa \ﬂypfuﬁé ééﬁ&@?éﬂ%&%@i{ :)1?47"01#0 ﬁh%%%%ﬁﬁl{??g :

38, as a digital value exanple of the output 'sign

circuit 207rddiontd bpagadt 1A Bb Aotiter Hortidiiratiledl L¥e ded f1 8880

to carry out.the average processing bétween tine

smoot hi Ny Cidd ¥hbsdWs t'i\.@V\ﬁyééoeféEfiﬁé ﬁ%ﬁaﬁﬂén&eé-ad&f r@@&%&g%@ié}%‘%‘e,

next drive frequency occurs at tine reguency “divissron io

distri buti OneLwHe dfovdlindtid dhdt!rs 51 13ladd Al i Shd T N

snoot hing cycle. Wien it Is assuned that the reference
numerals, and the explanations thereof are applied.

Since the operations and the effects of the first
'smoothing circuit 52a and the second smoothing circuit 52b of
the smoothing circuit 520 in FIG. 18 are identical to those of

- the smoothing portidn 52 of the above-mentioned embodiment 3
~shown in FIG. 13, the explanations of the embodiment 3 are
applied. |

Furthermore, in the piezoelectric transformer-driving
circuit df the embodiment 4, by forming the divider circuit 9a
for generating the drive pulse signabl by using the configuration

of the divider circuit 9a of the above-mentioned second and third



-104 supplied to the error voltage calculation circuit 208 is 100 and t hat
the_ coefficient- of the multiplier 208Bis 1, the error voltage Verr is 60
(= 100 - 40) as shown in (d) of FIG 38. Therefore, in the frequency
setting circuit 209, the average frequehé ‘division ratio of the drive
pul se signal is incremented by 60/N (N = distribution cycle), and the
frequency becones a drive frequency fB, which is | ower than the previous

~frequency, at time tl to time t2, and the average output voltage at the

poi nt B of Ehfoddmeh®sQbiRd Iﬁ%qu@ﬁ%régs%ﬁgkéﬁggf Ane E@i@ggﬂq]hsge %IéthI 027

is lower than the target voltage I ng ane neaning a

data vref SuBRligbta1h8e A 4dbuiolda08-EakaH Y IPRRELESY mg@ﬁgﬁ;‘éﬁ&@d

(positive data) for increasing the treque visron ratiors

| over the dghgeegggngB@yLgﬁpFbkﬁgtgbpoeaﬁob%ﬁggg%aﬁgﬂ %Pkﬁﬁ circuit 208.

Thi s operation continues until the output voO grénnothing

Cilout 229n whorE ot ilbdd b A pHE SPebaRF M flof " iae 4

circuit 213A.  When the drive Trequency chan ,

th t put : 6 t hi i it 207 f -t hi i od
ecoree st e YREFER S I SaEse o wifighe el
the H (hi gh?%FgggP%Tﬁgbgg? SE‘I/&%%‘I)’I% ‘II‘(II - goéeEPPEEIPP ¥q. %9?% SR B8 ed

~at th i Si f t ‘ I I the H (high)..l | of th
out put vl 1 SSB e AT & oY i8R b 51380 Slgpig dPwsgast
t put sigr t | R i 1t 213C. 1 itched, f the L
(low 1 ovel CPATEREEattion eherany Bouh Bl ad iy befbchulad S mbrivinp Ry~
[ [ ' it 421441 t it f A Vi d
out puts TheSetade B R FebnBeaghloe Kl drdRaRd Zhaths s 1 eason

the drive qugHggﬁ&ﬁggff%§>to the high frequency side at tine t4 to. tine
t5, and becones an average ‘drive frequency fE, and the average out put

I t t the poigt obt ai ned. . S the vol t ¢ the -
boint E s highor MiBEefpelebrrad EoMnpfo bR ReterRo e TEbtTE Oh! £ 00 ey
f th : L LCUj fram t i gh | to the L
Ol o coar Bict2atlcie” iiten? bt oL 4 'ehbddilint s THE Srddat ¢
hanged. |t ot -. havi i ted sign i
oot Pnesr AnwRnaRl ! witie bl e c¥IubMBo (Bl HIf M3 ALY 3 o1 90 10

frequency sghgbﬁpkgpgg%b@ﬂ¥W¥§gg;equency side, whereby the average out put

vol t age -at poi nt tained.” This operation continues until the output

| t Wl pf of th ' e [ | | t t t put
Vol tage Vdly of thEtder by L R 1oty batkaR REF g CEat ian At o
th [ ' i [ i f | I h
(i ghy | over 4 PLEFoeLagtrre drandarity dAP IR rbuator FUE eadiient

Tt E O o eHiBbldtRaio 68 ERe SHRLLER: | IRDehBEQR D el AR dtind "

point E - there re, the direction of contr I ST change _

i ve 1Mo e ARy R eIl B g SIS SRS,

IIIgnSI ve ‘; fegfgiib,%ﬁtﬁﬁﬁ“f e YNGR d BPIHE S 'Iqu‘rPJr;tlhse, F%Inedz%IeeCt rre
explanations of'the embodiment 1 are applied to the same
configurations, thereby omitting overlap explanations. FIG.ZP
is a timing waveform diagram showing the operations of the
piezoeiectric-transformer-driving'cifcuit of the embodiment 5.

In FIG. 19, a rectifying circuit 51 has the same |

configuration as that of the above-mentioned.embodiment 3 shown



direction of the frequency control is switched by the peak detection
circuit 213 and the polarity inversion circuit 214. Therefore , in the
driving circuit of the enbodinment 8 , even if the target voltage is not
attained at the resonance point of the pi€zoelectric transforner owing . to
the drop of the power supply voltage or the like, the circuit does not
beconme uncontroll able, and the average output voltage around the resonance
poi nt can be obtained. As described above, in the driving circuit of the

nbodi be.i f j | t,
erodi et U vie. 0cchertgh 4k beld iR betionBRteta Ui thlage
convent 1 ontle St sddnd® LB VO M AERIGI IR o 0
| | t , wh i j j t t f ts.
Vol age, WheRY iy bELRASSIA ot FUSRNL. BRL IO S SRISLL g
{2n et vol a0echanRobenthd et erd6of 3007008001 o, UL pLezod S €
i it d | I | Yo I
c1LeULL ool beRORRAIGOT FRLL ISpeLle BV 96, Sl R 1206 ound
b bt ai. ned. ‘ ; i i | i i , 0L t
b 0013111 et AL e MM SN PR Mo LU S ol ph B 0 pRESESSETY
t i I | t , it i ible t d
cxtra, gl it Wie PSRRI KaL! 390 METERY L1ol2, PESS RLe Lo rscce
et or erid XLeReSheS4vdf, BRRCLAMGANAL B el Syt Lns precent

. piezoelectri dry t.em capabl e of stably operating in spite
of the dr op%%’%gq{)ogimﬁé%u%ibﬁlﬁ‘%ﬁtége is proposed. FIG 39 is a block ;

enbodi ment 6. T RS SEOFEEE drrtdnitl3 s Shen el dryslpbt Pencotibant
"By the ansimire Sehylrdeld: 18R R, GREF 1FUE0M Footetae fite Horse
Vol tage Vi pft Sy ks A it 8 b e st n funty R Epd rem
 The output o TanEE PUAE e PR BRBoR AL, LB BR P bpehsale held®
215 1o shows S g atdt A3 (RIS the s SRS Bewl o ion Wi cult
218 e G oM BT ROB UL IS TS e
G R e AT R S,
circuit 215?%?&% ﬁtg&'llsr?rpoo #E\P/tﬁ"{tfé}]at \ﬁoﬁ) T YPe he° ‘f?%ac%c"bﬁ'e ’g%?u e of
vol tage Vipfof ¢ hieeh Tl BeutlaBYhPyhoa e e 28F nifn i (REN [y atid or

an H Chi gh) TP BRERE cbiitin (et yalhe SRR st e s R e b
del 2y ci roult SEASEned SpuT AU adn i A BIRE Has Gy (s Rpledter
contigured. S Ad HeS A MIRUS, bt sde8ul o gnal when the
Tefbrence data vrofan PaRsH TR 400 sPanBlohmeds AV iR Fmo Wil ok the |
above ment| At B 2F hitedter ot IR HHRE G Focliniingc PagoBirctl,
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selector 217 is configured to output the data of the second delay circuit

21 6 when t he out put signal Vpkdet of the second peak detection circuit 215
has the H (high) level, or, on the other hand, to . '




- 109 output the output data Ffreq of the frequency setting circuit 209
when the output signal has the L (low) level. In the enbodinent 9, the

ot her configurations and operations thefggﬂ are substantially the sanme as
t hose of the above-nentioned enbodi ment shown in FIG 24. The

pi ezoel ectric transfornmer-driving circuit of the enbodi nent 9 has the sane
effect as that of the piezoelectric transforner-driving circuit of the
above-nentioned enbodi rent 8. However, in the piezoelectric
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characteristic curve showing an exanple wherein the overall step-up ratio
of the electromagnetic transformer 202 rises . In the case of the exanple
shown in FIG 43, since the voltage at the point C or the point Dis larger
than the target voltage, the output of the conparison circuit




-112 215B is reset, and the data Ffreq of the frequency setting circuit 209
beconmes effective at all tines . Therefore, as described in the _
above-nenti oned enbodi ment 6 , the drive fyequency shifts to the high
frequency side and converges to the target voltage. In this way, in the
driving circuit of the enbodinment 9 , when the drive frequency shifts
beyond t he resonance point of the piezoelectric transfornmer 201, a process
for returning the drive frequency to the two-cycle-previous frequency is
carried out 1gyatse £86@AguRRAK t%eﬂsﬂﬁfoit Cighgul . & 2y
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detecting the amount of light ( that is , brightness ) emtted fromthe

cold cathode tube 203 at the time of lighting is avail abl e.




However, the nethod of directly detecting the brightness requires an
expensi ve sensor; therefore, usually, the tube current flow ng through the
col d cathode tube 203 is detected and confyolled: This is because the

magni tude of the tube - 115 <current is nearly proportional to the

bri ghtness. As described above, in the lighting control, it is general that
the lighting control is carried out by detecting the tube current flow ng
t hrough the col d cathode tube 203 and by carrying out feedback control so
t hat the tubgeChéxedr i§.ed g I : t her, hand,
in the start control, i?%?\ g%lgeia%gg‘gﬂie oétleés%u]%/ a't.ﬁt%ggégflggag s‘reéaiilir}%d
for |ightingaaiet } i i okd t e e 203,
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current fl owaritoyeRqubncso!dhicaiiRpde tube 203. Therefore, the start
control is carried out by det'ecting the output voltage of the piezoelectric
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control is carried out so that this voltage val ue becones a predetermned -
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be turned on/off by a curifent detection pulse sig
peak hol d cigiCehb deteéf16n FoI¢BYR output from the rectifying circuit 51.

In other words, the resolution is improved as the clock frequency

is higher and the amplitude of the detection voltage is smaller.
When it is assumed that the period of count cycles = drive pulse

signal = 100 KHz, and that the master clock is 10 MHz, a resolution.



val ue detection circuit that outputs the output voltage of the voltage
detection circuit 219 or the output voltage of the current detection
circuit 204, whichever larger, and has a_rectifying function. A lighting
“detection circuit 221 detects lighting dgﬂendlng on the output voltage of
the A/D converter 206 and the current detection pulse signal Tt. Next, the
operation principle of each block shown in FIG 45 will be described by
referring to FIG 46. FIG 46 is a maveforn1d|agran1shomnng t he operation
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As described above, in accordance with the embodiment 5



vol tage of the piezoelectric transforner 201 at the tinme of start; and the
out put voltage becones the detection voltage for the tube current flow ng
t hrough the cold cathode tube 203 at the ,}%ma of lighting. Therefore, in
the driving circuit of the enbodi ment 10,’y using only one A/ D converter
206, it is possible to control the output voltage of the piezoelectric
transfornmer 201 at the tinme of start, and to control the current flow ng

t hrough the cold cathode tube 203 at the tine of lighting. In the drive
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circuit 205 of the above- rrentl oned enbodl nment 6 shown in FIG 24. However,
this circuit differs fromthe rectifying circuit 205 of the enbodinent 6 in
that the



out put voltage of the current detection circuit 204 is input fromthe diode
251C of the enbodi nent 10, that the output voltage of the voltage detection
circuit 219 is input fromthe diode 251D,,.and that the higher voltage is
peak-hel d. A second snoothing circuit 2717:€'m)ot hes the output voltage Vad
of the A/D converter 206 by average processing only while the cycle pul se
signal Ts output fromthe timng pul se generation circuit 218 has the "H'
l evel . As shown in ( a) of FIG. 4 7 , the second snoothing circuit 27|
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also desired to have less space by reducing the number of parts.

At present, the piezoeleétric'transfprmer-driving circuit is
mainly formed of an analog d:l.rcuit and has a large number of parts. |
As a method of reducing the number of parts of the plezoelectric
transfortner-driving circuit and of saving its space, a method
of attain:l.ng IC formation so that the driving circuit is formed
of one chip is available; however, a small éackage cannot be used
because of the restriction in the number of pins at the time of
IC forination;l the;‘efore,- it is inipossible to obtain any
-significant effects. V’ J

Therefore, it is considefed to use a method of fc’mﬁing
the driving circuit in one chip together with the'digital LSII'

for the liquid crystal controller and the like. This method is



- 124 output. This second frequency setting circuit 291 is configured to
carry out output in synchronization with the nmaster clock i mediately after -
the rising edges of the cycle signal Ts _.7Tbe second frequency setting
circuit 291 differs fromthe frequency setting circuit 209 of the
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circuit 219 ) Om¥Yst BOi PePPehpghon is carried out to turn off the
out put vol tage detection.of the piezoelectric transformer 201 while the.

voltage detection muie sydlXd1cH1AS 4if'% "tHpd Y Ip1dsbd izl v the

out put voltage of the current detection circuit to t onverter

206, and to traereEmée, Whed E%ohﬁﬁc%ofﬂegééﬁe?elé ‘é‘%%ﬁ%oi‘gbsxrm, the
t I S, en t

lighting state .or in the non-lighting state. In other wor e cold .
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vol tage of the current detection circuit” 204 becones
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a voltage is detected by the current defection circuit IS way, by
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out put voltage of the peak hold cirCuit 251. Since the output o

current det egio@ing fﬁybaﬁﬁoéhésc&aﬁ chPRods! LABe f‘sa?rbhgﬁtﬁ.gnhﬁ. th ihed
vol t age obt ai ned by .peak-hol ding the output voltage of the voltage
detection circuit 219. Even at tinme t1 to t2, the cold cathode tube 203 is .
not lit; therefore; while the current detect~.on pulse signal Tt for this
period has the "H' level; the output voltage of the peak-hold circuit 251
beconmes OV. In addition, the second snoothing circuit 27i snoothes the

voltage A at tinme tO to tl,




-127 and outputs its snooth data VM pf at tine tl. This. snooth data VMl pf is.
out put in synchronization with the master clock imediately after the
falling edges of the cycle signal Ts. Th 5e_f ore, the snooth data VIpf is
output as a snooth output voltage in the timng shown in (g) of FIG 48.
When the col d cathode tube 203 is not |it, the error voltage cal cul ation
circuit 208 outputs the difference data between the reference data Vopen at
the tine of start and the snooth voltage VI pf as an error voltage Verr.

Then, in theoseagad a egiecnRbciRiary) 310t de L Ll GaBiLARGY on the

error voltage Verr is added to the“previous frequency prev,”t her eby
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sufficiently larger than O Vin principle and not |larger than the reference
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addi tion, wWoRlydhigdgibe current flows, the inpedance -129 of the cold
cat hode t-ube 203 lowers greatly, the step-up ratio of the piezoelectric
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swi t chi ng between the output voltage of the piezoelectric transforner 201
and the current detection of the tube current flow ng through the cold
cat hode tube 203 in accordance with the time division nmethod in the
enbodi nent 10



. tinme-division control

-130 as described above, the start control at the time of start and the
lighting control are nade possible by the 1-channel A/ D converter 206,
whereby both the start control and the |ighting control are attained, and,
the snmooth shifting of the control switching is acconplished. Furthernore,
the driving circuit of the enbodinent 10 is -configured so that one control
cycle is set at the two frequency division ratio distribution cycles each
havi ng the sane frequency division ratio, wherein the voltage for setting
the next frgRUGACYNi FIGR! diiNedyAbnt BRef boRbrC¥abRLY2RE1¥RGR2 eChign is
turned off anq currept'detection S car?ied_outbgtytﬁglgg?%ngsggg%é.Ehg
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open voltage (the output voltage t he "pirezoel’ectric transformer 201
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vol tage of tdigRi |5t 4 ransformer can be set as | ow as possible
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‘mentioned problems, it is necessary to use a plezoelectric
transformer or é pre-transformer'having a sufficiently iarge

output capable of coping with power supply voltage drop.

Furthermore, power is supplied from the home-use 100 V




In FIG 49, if lighting is not attained even after a predeterm ned tinme has
passed during the open control at the time of start, a restart processing
circuit 224 stops the output of the driv_e%_pyl se signal once, and perfornms
restart fromthe initial frequency. FIG 50 is a block diagram show ng a
concrete exanple of the restart processing circuit 224. In FIG 50, a first
counter circuit 224A counts the rising edges of the cycle signal Ts output
fromthe timng pul se generation circuit 218. At the tine of the state
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Hei 4-58085 and Japanese published unexamined Utility Model

»Application No. Hel 5-4779, qontrol 1is carried out by thé _
resonance frequency at all times even if the pdwer supply voltage
fluctuates; therefore, the above-mentioned' problem can be
avbided. However, in‘_these, control methods, in addition to the
detection of the load'cﬁrrent flowing through thé cold céthéde
tube, the detection of the phase of the output voltage from‘the
'piezovelectric transformei: is carried out on pr:l.nc'iple; thereforé,

a detection means such as a comparator or the like is necessary



The reset processing of the second counter circuit 224C is basically the
sane as the reset processing of the above nentioned first counter circuit
224A. An AND gate 224J outputs the Iogigﬁé_AND of the output of the first
decoder circuit 224B and the output of t second decoder circuit 224D. As
descri bed above, the enbodinent 11 is provided wth the restart processing
circuit 224 conprising the first counter circuit 224A and the first decoder
circuit- 224B. Therefore, if lighting is not attained even.if the open
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FIG 51 ri i et
(i ve pul seacgeanererst, LekebBHEr 18,4 douidact, $lheo dBbaPhehir Wikt e

gi ezoel ectri‘%stcﬁ?%qurner 201. After this, the output voltage rises until
it reaches the reterence data Vopen; the target voltage at the tinme of
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and start prQGRsy I pped. The. exanple shown in FIG 51 is a
~wavef orm di agram ﬁ%rz l't%ltér)re when the cold cathode tuba 203 is lit by the -
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processing is carried out two tines. , I
in the half-wave sine wave likeform obtained from the

| electromagnetic transformer 102 changes in proportional to the

power supply voltage; therefore the step-up ratio of the overall

system including the piezoelectric transformer 101 changes. _



Next, the concrete operation of the restart processing circuit 224 1n t he
enbodi nent 11 will be descri bed bel ow. The enbodi nent 11 is explained .
assuni ng that the decode value of the first decoder circuit 224B shown in .
FIG 50 is 7, and that the decode val ue-dP the second decoder circuit 224D
Is-3. First , when the start signal has the L ( low) |level , the output of
the AND gate 24E has the L (low) level, and the first -137 counter
circuit 224A and the second counter circuit 224C are reset, whereby bgth
have a counter val refore oth e out pyts of, the flrst decoder
circui't 224B and- t]ﬁgG’se%% aaeme? c‘tgmﬂ%a«?&w’é BT Cgﬂ? )Nf:IO&/eI
, and an H | ev i gnal is  outpuyt fro the AND gate 224 xt
when t he Ie&gl g}“%’ﬁ ?ait?‘ esPOYEF trapns 1O o &hel quFnute of Ité\:el at
time tl, the,out AND_gate 225 hastheHIeveI t herefore, the
out put enabpél' &P EE-SF r}g& %ﬁ&t?lle n the ?%V%F%@ﬂhlﬁé@wtl?l@
out put . er t HF irst counter circuit 224A carries out counting
in synchronl A0S ﬁr‘W\eFﬁ FrgiPﬂsFﬂﬁcé’dﬁe Bt thiscyime.sbynghanpginghibe

nue ntil the lighting detection signal Vstate
becomes t h TREISHCY BhoRbenar tun pulae aLoRal nadrive R bR buks srzmed
first decoder CII’C 224B is shifted to the.L level, and the first counter
circuit 224R%ts Peggﬁ‘d Fh?h%uFFﬁPﬁgf%‘a@%n%ft¥¥%u%x'@h%ﬂqJed safhadersuberhi s
operation | hown I.n andtt%) of FIG 51. \Wen the ouh%l_ut of the first
‘decoder ci r COBFE AR, c&?ﬁ?§ e the paver SyUPRdft Yol tege Hlugiyatase 2247
becones the L level. As_a result, the output of the AND gate~225 al so '

becomes the L | evef IGuns b & Wévﬁfé’&ﬂbﬁéﬁgﬁéﬂ‘ashﬂvbﬂﬂ ﬂ‘%rﬂlflh‘ée gimel

frequency setti CII‘C it _291 is returned_to the initial frequency, and the
out put. enab®® B3FIG. d?gébﬁéd Of nEF@by23 TR EhnoufpWe Hhanal
signal . Next en the first counter circuit 224A is reset at tine =138

of t e power transistor 110 at the time when the power supply .
voltage is low, and (b) shows the output signal at the time when
the power supply voltage is high. Although the frequency of the
drive pulse: signai changes :Lnb this way. the frequency of tvhe'
voltage having the half-waire sine wave likeform input to rhe
»piezoelectric transformer 101 becemes a fixed frequency

- determined by the_resenance frequency of the inductance L of the

| electromagnetic transformer and the :anut capaciltance C of the

piezoelectric transformer. For this reason, particularly when

| the power supply voltage is high, the wldth of the half -Qave of

the output signai of the power transistor 116 becomes larger as

shown in (b) of FIG. 39, and the power transistor turns ‘on before‘

~ the output signal of the power transistor 110 becomes zero, that
is, before the input voltage of the piezoelectric transformer -

'101 becomes zero.

When the power transistor 110 t_urns on, the charge stored



t3, the output of the first decoder circuit 224B becones the H | evel,
wher eby the output of the AND gate 225 al so becones the H | evel, thereby
outputting the drive pul se signal again. The above operations continue
until the lighting detection signal Vstaté® becones the H level. Next, the
second counter circuit 224C carries out counting in synchronization with
the falling edges of the output signal of the first decoder circuit 224B.
In this counting operation, as showmn in (h) of FIG 51, increnent is
carried out ,at . the falling edges of the output signal of the first decoder
circuit at gpnﬁhFZiBHHttF%EaF tangesofothei pte e¢tBhe coransfeememtiQl t he
count val ue reaches the decode val ue preset in the second decoder circuit
224D, provi&@HQFR&PdPﬁeVF?gHFPn§°HEFe£FPBﬁ1§F8ﬁaF1Q%t%F@ 3 CHAT IR t CWRRRTHE
the Hlevel. If the_counter value of the second counter circuit 224C
becones 5, fHOWsut phe drafitlledossd 4BcEaases; at ihe powprptransistas 110
| evel , thereby stopping the operation of the second counter circuit 224C.
As a result andhEhenpigmoelentric tranafqormenclql ) dherehicayringtewer
enable circuit 223 is disabled, thereby stopping the drive pul se signal.
Once the se@ffddaneer afd dii theowerstogaseouresnyting tnnthekreakdewnp
until it is reset at the tinme when the start signal becones the L |evel..
In the exam®fe Hitomiazeedegtmic tnansformenglQfes ection signal Vstate
shifts fromthe L level ~to the Hlevel at tinme t7; therefore, the first
counter circuit 229n the ehkerdeand. cblirkthe dutwkyelue2o€ the deive puhset he
operation -139 of the restart processing circuit 224 is stopped. In other .
words , t he Sgnak Lspiafe a9y nthe ienenay bobeptpaedsinthe eledtronparetic
control; when the cold cathode tube 203 is |lit, the operation is stopped,
and t he out gRansfammenN® ) decreages sinversely . t therebyoweringcthe | bed
above, in the driving circuit of the enbodi nent 11, open control is
prevent ed f refi¥BRNGHN nForoithd s| spgsone 1y wasonPEPAgaryetpegontrol the
. processing circuit 224, whereby it is possible to prevent the pi-ezoelectric
t ransf or mer SHY ke oS ithey drdvea pyilisieosionad dni $hagwidecpevest sepply
enbodi nent 11 repeats the above-nenti oned open control operation several
times if the/btapge Fansgee scufhaobhesvabie |hecopesptheopptisym dyty value
operation, whereby the |ighting perfornmance of the cold cathode tube 203 is
enhanced' . |$FRORAG PaNthe RAWer puPPdysyehtage c Hewayen, incthe case when
above- nenti oned Japanese publ i shed unexani ned Patent Application No. He
10- 52068, i fthecopyeptilonail dtving i HE Py 45| faxned ofr am Snalag ciogult,
beconmes | arger than a predeterm ned value, the drive frequency is shifted
to the hi gh $hefRdfp g#aéttmm;mi@am ipha widemowas sypplonreltage
However, the drive systemof the enbodinent 11 of the present invention is
confi gured sEPR¥Rt, when the output voltage of the piezoelectric
transforner 201 becones the predeterm ned value, the voltage value i's held
for the predetern AN&¥%.i fhe aforg-mentiqned qhiest| @) clrokhe FagRivheme
out put voltage and the tine, -140 and the nunber of restart processing
oper ati ons cgﬁlﬁ%@%%i% et Phereelegheier bransfarmgri dnng epmpart widepe
enbodi nent 11 has a significant effect of obtaining the best setting for
i nprovi ng t RPPRERERSHGVHEL rBe ndesersbedhe col d cathode tube 203 | while
preventing stress to the piezoelectric transfornmer 201 as nuch as possi bl e.
As descri bed®epevallyn iperigphdidehioht e qadd cathode Hybsti dnVoRfagei ng
the restart processing circuit 224, open control is prevented from .
conti nui ng f8eVarabniineseas ihkgh s fhe sinlitage f fihe, ddighddng: state is
transfornmer 201 from breaking; in - : :
required. In the case of a backlight for a four-inch liquid

crystal display for example, the voltage required to hold the
lighting state is about 300 Vrms; however, in order to light it,

1t is necessary to apply a voltage of 500 to 700 Vrms.



addition, even if the cold cathode tube 203 is not Iit by one open control
operation, the above-nentioned open control iis repeated several tines.
Therefore, the lighting performance of the cold cathode tube 203 is not

i mpai red. Furthernore) the enmbodi nent 118ls configured so that, when the
out put voltage of the piezoelectric transformer 1 becones the predeterm ned
val ue, the voltage value is held for the predeterm ned tine, whereby it is .
possi ble to control both the output voltage and the tine, and the nunber of
restart pro I (ations.can_a onfrolled. Therefore, it is
possi bl e togggt%glg%l%%gyb‘@?nggﬁ gﬁ&ﬁ%ﬁ&n’i?ﬁﬁﬁb fiate2) 1ope itigpepati adamce
of the cold hode,t ube 203 whil e preventing stress_to the piezoelectric
t ransf or ner a@ﬁ.egi me’?ﬁg%% ot a %ﬁﬁgcﬁjr%?ﬁ thentighting nexfaramange |
“transformer-drivin ircuit in - 141  accordance with enbodi mrent 12 of .

t he present qeﬁ\?gﬁ‘f’ig"(?%e\ﬁ'l Rnde thes backdd ohty ds oot dit pindessithe Ahasteowi ng
the configuratiqgn of. th i ezoelectric transformer-driving circuit of the
enbodi ment - 1en&Aoned ﬁ?gggﬁF isaanliad fox #kongtine ercenpeasm fighamg
the sanme functions gnd _configurations as those of the abovenentioned :
embodi nent s V. @aﬁésa&népé’ ‘the same nunerals , and their explanations
are omtted. A higph voltage is output froma piezoelectric transformer 201;
therefore, in ordefoV8VBFactf chheyoutrutnveltagesr pEi the pderrelreizices are
‘required to E_r ev%nt devi.ce breakage, fires due to Iag&eﬁ current and the
like . The &FRPSkQImercdiS; Toilsede Stssdsnapplied taddw Rirzoakadtin
present i nv%nti %% S aofro osal for inprovenent suited for digitalization
Wi th respect-TRRSFREMSTIRETPRSES dRverselst. therpby aausdng breakdawnoerfas
201. In the odi nent 12, specifically_ speaking, a drive systemis ,

pr oposed, wh 'SnFea;ﬁeﬂrt%f%'gﬁ Frarddngd1ghtipgl ebt ig necesspsynte cairy
becones open hecause of the wire breakage or short-circuit in a PC board
pattern dur-ﬂ‘l‘& eARtFe A HEPEPVe the Hisgt:ﬁaa@qnmq whide prenentvkng of
the col d cathode tubsg 203 qr. the like, the output is stopped pronptly; and
restart pro va I8 from eosparing iat tihe RlazepactiHe pover
supply vol tﬁ:%e drl%ps nonent ar i lﬂé- because of instantaneous power

i nt errupt i or-GmsEeEFMeT &Y, e Fdmepiof dddtdad #@Z3 is turned of f

-142 In FIG 52, ap abpnormality. detection _circuit 226 detects the |oad
open state of the PFedKRoMD fpcunenffox solving shigjeind ofy ppobiemusthef

i nst ant aneo%séfppower interruption or the like dependi ng on the output

vol t age Vad YGPaResgy Bubddihad unexamined Ratant AnplkgakiqnNe. digmalo Tt

output froma timng pul se generation circuit 218 and a |ighting detection

si gnal ' Vst at#06Shd o Rruasentyn ZbAsr dapasess puhAdshedi unexam Padienty
detection signal, Voff is usually at the H (high) level, and this , ’
abnor mal i ty Ag’éﬁémfdr?‘b P@naﬁ%ip-éé%ﬁeéiﬁﬁéoeem awfystem| for dekecting of

abnormality. \Wen .t is detected that the abnornality detection signal Voff
has the L (I%% uhpit voldagn af the aleneslpgeriotransfommer and (for |
.level, and the out l{[ of _an out‘&l;t enable circuit 223 is disabled, thereby
st oppi ng thé’°6lﬁrﬁ#" N e KR TRAREenGY R the hagis (9fcthedetsetedy
the output of .the AND gate 225 to the L |level, the frequency data Ffreq -
out put fromoa\l?é’gtoﬁ(? endPesBREPHE ¥Pltage $31raised:bynteweringecthe
initial fre ncy._ The ot her confi gurations, and operations of the driving
circuit of ft ..V%MWGYfz 1f shaqsataated IQrinRt kektage t4®s2 described

in the above- t.i oned epbodinent |l. Next the abnormality detection _
rothod of « RESHRRSEIENGY ALAGE OF BPFou EheoBEsYS, FESGHBBUY 1Lk Shbttad 1
be described by.referri to the agconpanyi ng draw ngs. The waveform -
di agram shO\C/LVrf’ *HQFF‘gggSg%?ﬂHﬁchns Qﬁ%‘? e]Y‘W%‘? dhe PH%PI“GaH°&Faﬂﬁe Then,
pi-ezoel ectri %transfog mer 201 has becone ,

- the drive frequency is lowered again to raise the output voltage;

if the output voltage is the predetermined value or more, the

- drive frequency is shifted to the high-frequency side. As



-143 an apen state because of the wire breakage or short-circuit in a PC
board pattern, the breakdown of the cold cathode tube 203 or the like, for
exanpl e, the breakage of connection wres between the output of the

pi ezoel ectric transformer 201 and the inf#-of the cold cathode tube 203 or
the short-circuit breakdown of a current detection circuit 204a (a) of FIG
54 shows the waveform of the current flow ng through the cold cathode tube
203, and (b) shows the output voltage waveform of the piezoelectric

3 hecause SPEArL, ABRC AR Dlaked Tur Lkl erminad Fatent |
e shown | n PR PR NE) el 38 o2Vl AR i Beeaie Sntike ethosieeredn
| he same 55 PREF8 TR B, EeiptaRy b Srdnan sheiantiut vohsagertaan

ot ect on pired d ASRFISEER " i Oh) Tevel | and beconss substant al Iy

the sanme | evel as %Ihat in tjge Iighting_ state bx virtue of the voltage of a
- vol tage detection EPFEYPE«24R theRopfiod methed Rk dhe dappnese pubjitshed

has the L (lo | evel . .The vef orm di agram shown in FIG 55 shows an
exanpl e mheru&@ﬁ‘af'ﬁ‘é’e&\@mes’\lﬁ&@%ﬁﬂqqﬁ Ne. dobplr Tttt dhe yahmseuse of
‘i nstantaneoys pgver 4’nt errupntion. 6}.) of FIG 55 shows the current waveform
of the cold c?é{i"gré’d‘@ Nl OBGTRYIAR s RAReatRd as tlong @ fthe stakde
wavef or m of cta%oﬁ;%:ogee&”i c.transfornmer_201. In this exanple, both the

t ube current 0 e "COCI 18 PAb AL Y LheXRE QTR (9¥eR, difi 458 BPPeRelimit of

pi ezoel ectri,c transfqrner. 20l S{ﬁo during i nstantaneous power i-nterruption.

‘Therefore, the \?g:\r{tpa\’a:e Rodtadh J)fhﬁﬁﬂt A TFEFR kg apnldied |t theps

si mul taneoui,lj_)é.z The i nstar%t aneous power interruption described hereinis a
i I

state wher effn GRSy SHE 1o TRF e & Neend einendgirnefone arfdils mer
202 drops e t ower supply vaqltage of the driving circuit is held. .
Usual Iy, c%&gﬁo%%%- 1R %ﬁﬁéﬁ\%&?s%m%b\mme appar at uses
and the like, haveIa %5)%@{ SUD% circuit inside and are configured so that
the out put vol t age B4 }8 o Lnthe case vheppne 1eh i £9rmatopdrge ther

interruptio ve in_order,  to reduce | oss in the power conversion at
the backl i gR’tjjtlf‘io}ggep%m?fgWV%PP§§§°H1°IUPYVF% Giigd tadigatdomoat thee

203 is dire suppl.i.ed frqgman AC_adaptor in nmany cases . In a portable
vi deo appar ;%’J&Bé’i,nqoﬁifﬁélié‘ag@ ﬁHEﬁEQPEEfir'i EnpBAvBr corvertert for dAgkncingi a
an AC adapt i nstead of. a battery,, the gpparatus is directly affected b
i nst ant angofﬁlepBﬂtPugrﬁ"e]ﬁm P%rﬁgeaﬁéle%ﬁ&g%ﬁﬁﬁl trangkarngy il)r:iglqcmssary Y |
interruptio |n particular e_backl i ght. power supply of a portabl e video
appar at us i s%e(?o eg'nsffopﬁilaeﬁ?fgi??i%f gtk above -mentdoned ebideet| (A¥yom
AC adapt A t i t hroough I i it, | d t
Prevent  off AHREIRE o3 Sy REc G D YRRt plaRate Ghe, CoRE efHes
t he backli gtLtSI -145 power supply is likely to be affected by ‘
i nst ant aneous "power interruption in conparison with the circuit portion to

whi ch el ectri [ i t h h ) |- [ it. Theref ,
the. power suppl 5 voReapiSHRRIREtELp Rednatotme (i SRitarp

i nst ant aneo [nterrnuption: however, only the_voltage for driving the
col d cat hode%%tcl%be 5615 #@yﬂbﬁgbe IE?FesstﬁvﬁFt é&%‘é%’_‘t%/?f‘t Hiesfethed AnoWe for
‘hone use, i S| [.interrupti on o bout several tens of
mili s‘econdsré rrayr&j%{c.é?{t}rssl I;1%:0%0 2 ceé‘g%qgiﬂﬁfh‘hs]e; oﬁl?‘ﬁ%-mrd%‘(ﬂp?ﬁ‘} in
Cl r CUMst anceRrd) ddet AL tn82 ot s Tt 19he & TS (2)® (B)®(c) ana
| (D) in order to attain the following matters (1), (2), (3), (4)

and (5).

‘(1) a drive sYstem suited for digitalization, capable of



As described above, in the piezoelectric transforner driving circuit, there
are two cases of abnornal states shown in FIGS. 54 and 55. In both case, ‘
st oppi ng shoul d desirably be carried ougagppnptly at the time of the output
open state shown in FIG 54; when the instantaneous power interruption
shown in FIG 55 occurs, it is desired that output is stopped once to
prevent the-driving circuit frombecom ng out of control and that restart
shoul d be started promptly after the power supply voltage is restored.

Ther ef or e, iofbtia&n!l‘ﬁ%eéﬁi{i)betﬁui’%%%lﬁgugﬁf&mﬁw@ ??@thﬂ%%;@]’g on

?;sgﬁtslolnn Efggnf\ré)w %%Léiug Zles_,_oqor § 1 cﬁp on the basis of the
princ}ple dFscribﬁéﬁbelow.I% éﬁm&output f the A/D converter 206 |OMFrS
NN ) . ! T
ngEI ,H' bot h ‘”’T‘%hg*}%eo fa-ff?““vf’o e ﬁ?éé%ﬁ*eiif*o%f%%m._%hfpfea%f °nér:_.w)201
gt; ?if}JLrg R N R, Ry Ve AR B | Then The out put
D : L ‘ . .
R I e b U
FEUERS o ad oA A IO FUILNAS T ERE L 0 1
Sa?%'f ”Fﬂtehi(f'B L e?é?b%?# PR Ol e ?@%ﬁf%ier?icfi on
T ; _ R .
bpen st at o, RRE DR bF FiE o1t e chPaBTEME ys bl BB Tpd oo LR
when the negtzc#gsrqu,_ﬂ% %iér%]?fég |c-r|1-t1ilrs1£{4é§n£8 the L | evel; however,

usual ly, the voltage is n store e caSe 0Of iInstantaneous power

i nt tion.eyl : 4.t i Vi ' j f_gh | t el f

| nLerrunt ors TENS A orddh HEL I e Wi ok "SR RIRILIED 0dZ b
Tt shifts toddiededfidils | Gowdt gﬁitéﬁglb@i e%if%nﬁf’ggké@é“gn?'{hé‘.lidlggged

t hat an output open state ‘has occurred,” and fn other 0ases , it IS jtudged

Lhat [ nst ant ancous QG of SLSREURL b AR 68 L SrpBishind Piackee

di agram Zhovvi ng a concrete Sxanp e nor mal’i © ctron circurt 226
. 2. ‘ | . . . 26F
out put s an Ny athe 1 RERkadgce) Wi th ine hedb il HRYRHIGH iILPE™
4 5 , . : . ;
out put s an_ LTS PRERER By FESEELELY S, ¥ih (BefBinbanPifia, SFaiHieY; ' s
flip-flop Ciﬁ&l{{ﬁq@ﬁﬁéﬂ:%??? to output an H | evel signal when the start
e

signal has t evel, "and is reset at the time of open state detection,

signalat the ti me aR ot R £ PRk LRGN WS PRt L |

otpu Of ! PO i Ut ROHe HE Uy RLBlNRRY BT ol oS

of the current tection pul se”signa nrnverter

inverts the ﬁ?%%ié%nﬁ{}ih@%n‘é%h?”%xﬂ%‘ﬁt hgn p 1%%0%11%@!::’ 63%%1?55\%\'8%

circuit 226K e out put of e conparison circuit _

nver tor 226001 ert 2o Phao g ral I IE deyaBCeof KoLl eh, bhpp1£ded
nterrupti onORIRD B STk Sted o FReRio Ao PARPER r et mer 201
o ocessi ng. O GRETE, Yo, HIE col® d RSP RIBE B0 R sl bz,
tine of | NSt a0lA0 QL YRl gl dY 1Y el ¥orni adld! RU' 81800ked WURad 't Nhe

and it outputs an H gna _
piezoele{g_:tric‘ltransformer 201 to compensate for the insufficient

stép-up ratio of the piezoelectric transfdrmer 201. A current

detection circuit 204 detects the current flowing through the



the start signal has the L |level or when the output of the first decoder
~circuirt 224B in the restart processing circuit 224 has the L level. An AND
gate 226M out puts an L | evel signal vvhe[lsqn_ abnornmality is detected. - 148
In the abnormality detection circuit 226 of the enbodinent ' 12 configured
- as described above, the first RS flip-flop circuit 226A, the AND gate 226B,
the latch circuit 226C and the conparison circuit 226F are used for open
state detection; and the second RS flip-flop circuit 226G the AND gates

226J and 22gH1at £thedé b B3 a%&G&%QrEQQGQWN%iaS EW{gra POF

. $981€4 are
used to detect instantaneous power Interruption. t, t}]ie gper.aql on 01Athe

e et ect . . o
riving ci rElébi:iﬁf(ihﬁeciﬁj%%@tm%@}snb%a"kt-htohﬁst i %men]i}aﬁil?ete‘i'i%%?%vgﬁg‘rﬁ%e

interruption will “be descri bed. the configuration o

nterruj _ 3 . n of t
start si gnabigﬁah' edkkr bR el HRle g)ﬁﬁg%h%ftgeﬁéggigoﬁa‘r“g&w t 62%#5 @?‘.‘te q

| evel, the output signal of the secon ,
Vstate is oornyeTiRetE TRL e Enitanuddy B vb1fabers, ATAR shhvir e,
of the. AND asPeoSRESt R caReteelle PSRkt Erch M EpriaTiBuT ooy {§ 798
circuit 226@nit§‘ ?‘?gﬁpﬁ'%%tls ;[sezllt'gentae."l.r. tR%ﬁ&é’&é;ﬁ{ggﬂikcﬁi‘%o%?gtﬁgﬁo legxghb and

shifting to th I's performne he™oatput °s

second decodstiacibnd g dBUE A 0% UL A 5 {1 xed
until the S?%ﬁe%bgmheﬁe%% ! h%h#hgﬁ%?ltheﬁ?.g?: %?r'thQf ?89 deL @RL! ON

signal Vstale becones the evel . erefore, hting, only the

out put of tRg odﬁ.?n%%t" gt %ﬂfﬁl%%%ﬁﬁ‘éﬁ’gﬁyﬁ%&ﬁ@% é-ld’fe"[euﬁno .'([jput '

vol tage Vad of the A/'D converter I'S erm

vol tage Voff, an LAheé?_#og]gtB%IgagtéhEQEEg%é?iIBFeFEQEEQtC iz'b%ubk{néég‘ég\égﬁgt he

conparison circuit 22 er € output "vo f

(e 1V cnubidoth 895z VAU chbAR! o eS GRAb PRt OLL80G VOl At

| evel signal ‘1s tnput to thé latch circurt 6 ‘
Cirouit 2268 FoRenSor e (s i, o iinati e dlne ¥ Sne diffed
I)laicg;rélsof hgibrLe%I%e&e ,g:@la%nJﬁ'ts%'fa1 '%‘ﬁ?é&{glio%%&ﬁ E)e%gﬁrg;)bsi gﬁ%ﬁﬁ%ﬁ#@, an |
L Vevel i oularen i | GrButblRh! 86 ISF1 ok Gl 1aRBlyek e Sl

shifting the ITghting det'ection srtgnal evel. er ef ore;

th start gy 1R o Glid onPeg ; hesfi

docoder of r AT 78 e et dylon B rdt 0 208°L BB BRE ah Maadd Soen

226G i s set . eNdahRe1ALHRY tﬂ%'&??ﬁ%@%gé‘tt?e&@é\ﬂ %%%%F%%g&%‘ﬁc'é'. h§¥§'Vr$§ a
e circul econes ehabl'e, "an :

result; the output enabl rrving starts

Since {1 SUIPRHEUngRe B TIPSR R BRAESIH cBEUEREL g |
doscr i bod. Ve RIS S0 TR LAGE 105 My O SRRLL Gl S
| outputting the result. -
A frequency setting circuit 9 sets the frequency 'of. the
drive pulse signal of the piézoelectric transformer 1. The
'frequency setting c:l.rcuit" 209 has an ad'derb 209A} and a delay
ci;'cuit 209B. The frequency setting circuit 209 adds or
subtracts the frequency corresponding to the error voltage Verr

to or from the previous frequency setting value Fprev output from



first RS flip-flop circuit 226A is fixed at the H |evel. - 150

Furthernore, when the lighting detection signal Vstate has the L |level, the

out put of the AND gate 226B is fixed at_the L level in order to prevent the

open state detection operation at the tinme of start, whereby the first' RS

flip-flop circuit 226A is not reset. After the start signal becones the H

| evel, and shifting to the lighting state is perforned, when all the four

i nputs of the AND gate 226B becone the .H level, it is fudged that an open

state has o r t ir R [ [ it is set,
ERE" d6day BerRLL! 9B ShaRutplbs’ MBI atel Fgf%fygs.m?{ls

and an-L level signal is output fromthe AND gate

driving is fo&QéHc?ysé@ﬁ%H tRtceDE ierHhEiﬁﬁgeﬂT gﬁggﬂg%Ekg?§ég% rein

all the four 1nputs of t D gate 226B becone cr1bed

above are DEAH1AN vAfud Ml ¢rdCehblSH doidIoMPOYR LBALERORT BHd RES:

The first condition 1s that the output “of t circuait 2 has

el b LI e b g RO WAL wbbEo M AKCELEEu 0By LRl o
the current cdebaeki 9B9PULSEet BAhalle tﬂ@e.cgg%%n$5%hwg?%¢%@L' 3 Riedd

during whic e current detection pul se si ‘ evel';n‘this
iod, the ', t [ h The thi
D00 e, o Rk i dily AL, 2EAD aEtRE B Sheo T Wi
of the i nvertsy abstfepcdfe BkbglBnbi oR TERERERRE ‘SRl M b atReld
h h . Lghting, . i . h .

Signal Vst atEop seedeenee GivisteH Hetde HeTLHAL i 44l orfqn%r@%ﬁa%”ng |
. it of , di ¢ . . . ¢
or ompt |y st S AP TOTnEAERD By O RCEy BEel o Tt U AR Bt Se HlOt ' . ©
br oken duri okt i f i f - : . SR
oi ez00l ect 1 eTORAN PAY RS TP o MR SRR el Fordl W Frghtne

t hode tube. 203 i i t : , LV
et bf eSS A0 T BV ERGRARG, et
| st ant aneous RAMBI1BELUPALE B AR O BIs AT BLE LS oA ARNGH.OFE6, 20

restart begl ns arter a pre ermned tinme S passed arter

therefore, ia?OifﬁdQ %il%'agrag%(%%%g;degg%ﬂ&ﬁktd%@f ‘rﬁ%p@i%@%ﬁlbﬁ%%hc

transforner 201 and the ( vi'ces such as’ t he ‘power ~transist or
220 and the dsid @b 0ga! s Ao Pibafl £A0kIQkriBANLhLOM LU MIShRR'AGP!S
power interruption. escri bed above, 1 n accordafce W he
conflgurat|%pof the data Ffreq in the N cycles of the drive pulse signal.
The number of bits M1 has been set so that the relationship between
Ml and the distribution cycle N is N = 2Ml{ therefore, H (high)
level data 1s output A times during the N'cycles of the drive
pulse signal.
At the adder 210B, the output data (0 or 1) of the
distribution circuit 210A is added to the high-order Mu-bit (=

M - M1) data of the above-mentioned M-bit data Ffreq. The vo‘utput

data from this adder 210B is input to the divider circuit 210C,
‘and a frequency pulse signal frequency-divided by its frequency

division ratiovis output.



of the enbodinent |2 of the present invention, if connections around the
col d cat hode tube 203 are broken during |ighting because of sone cause, or
if the output of the piezoelectric trangégnner 201 becones an :open state
because the cold cathode tube 203 is broken owing to inpacts, the driving
operation is stopped pronptly; at the same tine, the output operation is
-152 stopped once at the tine of instantaneous power interruption, and
restart begins after the predetermi ned tinme has passed after the stop.

Therefore, in accos deswesradidaddnbedssithgi dottdi0f21a ek lf%féilt
r

is possible to prevent the breakdown of the piezoelectric transforne

and the breakgdewingl odEViRESTEHEFs@Sed & s$ IR (P c12k A E9 44 ke

owi ng to an out-of-control condition due to Instantaneous power

i nterrupti oadggnggeégggin%¥ MNethe ﬁa@%%@@h@&ﬁrf&r Wk@%ﬂ%ﬁc‘}r—id‘iﬁ%fdbe

circuit in accordance with enbodi nent 13 of the present i Iron

descri bed. Bh§§e5§ipﬁa§ BleplatdiF2gmA Phiah $iel th§éggb :%&%ﬁ&%@ﬂgpf the

pi ezoel ectric transfornmer-driving circuit o of the

present i nvaRkit@Rbukiof! &vﬁ&ézf-t'stﬁ‘ﬁxre&g%% 9Nt STH@erfk%eﬁribgﬁﬁ% tﬂcf%%%tésq.%%

and. configurations as those o ve nentioned sare

desi gnated BYrb{§tSATnAYE &%'v%ﬂ:%ee‘is'&:&(gfﬁgﬁi#%&jsg ?2?%{ {3:8:5‘%1‘?:’ L3P Mdd G pe

. Unli ke the case when a drive puls inan anal"og "system

Ul e hen S ted i Pt en
i ve 11 oquaney it Rty B R, R o dp Sl Pl IhiRe ¢
rive frequency b ete; “therefore, “hen THe | |
Cranst of mor “300e atrFAC R etde Sugtd i o RetOOKhE 2Li0T, L WEhREHKS

- systemis ppep@sedtpliesetie! Eﬁtﬁrf‘fgﬁ flgeetf@vé!féélﬁeaédg%WJb‘figftm when 23

l'ighting control or start control 1S nade as gentle as possi o mnimze

the impact thrdiesube tdalberepRedbAtizdul 16K g%%@??ﬁ%-‘gﬁgﬁi%ﬂ?ed

to suppress flicker occurring at e time nges

greatly durighloeOpht® ey @HRE £t Eﬁé%@&%ﬁ%&?%tu%ﬁ: %Jg&;c Wh%oﬁhgcéddip‘ht

transfornmer 201 described In the descriptions o e ve-menti one

rans Scr n _ ! |
embodi ment s W@ aRthed 1, (1AM P%NEQBQEAFﬁsﬁﬁgfiﬁgﬂg?ﬁ28§r?3?;8%%VP€UFPeof t he

above-nenti oned enbodi nent

enbodi ment He&%l&%&r&%ﬁlﬁﬂ?x@%&&n‘é& 201Uy ugdda 0l [ ARLPOIGEI o diHBIT! O

circuit 214" shown in FIG 35 and 1s provided wt or cartying

~out control oprpitd firldm TP RIS R eﬁ{?%%&ﬁ?&%ﬁ%ﬂﬁ ifllﬁ_nsforrrer 201

(hereinafter sinply referred to as a e driving

circuit of the enbegi PRA! erh oaiméntuétQSﬁfP%f,\g,}(éng? \rllﬁeé%lrarieé% tﬁ%‘gﬁ ﬁ%{é on

circuit 227 for detecting the state of cont
initial value of the frequency set value output from the

frequency setting circuit 299 is set on the high-frequency side
sufficiently higher than the resonance point of fhe |
piezoélectric transformer 201, aﬁd control is carried éut.by'
‘using the inclination on the high-frequency side. In the
abovejmentioned configuration, the smoothing cycle of the
smoothing circuit 207 is set sq a's' to be equal to the distribution
cYéle'N of the frequency divisién ratio distribution divider
circuit 210. |

Next, the operations of the piezoelectric



a clip processing circuit 228 for clipping the error voltage Verr output
froman error voltage calculation circuit 208 by using a clip val ue
dependi ng on the state of control, and agrepl acenent circuit 229 for
replacing only the frequency division ratio distribution data in the
frequency data output froma second frequency setting circuit- 291 at the
time of start.control before |ighting. Next, the status detection circuit
227, the clip processing circuit 228 and the replacenment circuit 229 in the
driving cirtnahsfbrinbe-fArevoageeircaitr apstrs NE@fibddinext t'&hownl 34 FIG.
enbodi nent 13 shown in FIG 56 wll be described in detail. The status
detection-cracwill?Bé Hesertbeali tries. dgseghange Waps hRavéhsrit ai8gramshe
peak control state or the ordinary control state at the tine of |ighting;

in the enboghowihgl8het bpeghtedhnt tifmif@gindhed piezedliReitrae L | evel signal
during ordinary control, and to output an H |l evel signal during peak

control. A epankgbemer-aviviayacireudlt e thledleboddimdali @N Circuit 227 is
shown in FIG 57. In FIG 57, a conparison circuit 2278 conpares the out put

(equivalent to thergr(®] oeltrge 28! rihéfware AR 'sHARN M tdh R tPrasR! s
conver gencej udgnent voltage Vconv (described later); the circuit outputs an

L level sigeak voEba§larsirdfdkm Sbtdhetlday tﬁgsﬁffeﬁ@ré@ideém té]ﬂ:'cuitH

conver gence judgnent voltage Vconv, and, on the other han out puts an

-l evel signabowhenaitrolyh Riltettaffllhewavdfo R IR aLiy g:%‘etd £6 @ dygiges -

as to whether the present current of the cold cathode tube 203 I1s in the

~conversion ghat pde@belldc®i O rafiRifotind 313 1Ak thHe s

nve : p13 | ! LT AT
~flip-flop circurt 227A is reset when the lighting detection Signal Vstate

is in the stagendaker,ethedqt vatluel N8 the pi1Ezdel&¥Elic HrakFother outiput
of the conmparison circuit 227B has the H level, that is, the current of the

col d cathodaighhe oddy ithel FundRnetddl GUMPDOIER! A Ortdkdut! bnt hd ar get
current . In addition, the RS flip-flop circuit 227A is set when the out put

of the peaksdebndargnetbetrblie]l ariRa siBsthheY8l1y Hihe WaldS18 Y inua.
.circuit 227, configured as descri bed - 155 above, outputs an H | evel

signal at tRectiFyiely ke RN OHIOlats e rad MY G Rl | Bt gnal

at the tinme of ordinary control state. The clip processing circuit 228 is a

circuit for convieRitn@nile sidld!wrafe Lt ETd Qfol\‘tcadg‘@%t\é%ﬁaﬂ% Y {HOR /e

error voltage calculation circuit 208 at a predetermned valuée. This clip

val ue is swidonkeatdaP206l. Nored e £oirdl §h8fh Af al 48Hd A9 nel P& REPKEG®IG I O!

state and the ordinary control state after lighting. A concrete circuit.

exanpl e of tise1sCld Fretitaassd R ddicuit 228 is shown in FIG 57. In FIG
57, a clip circuit 228A outputs a predeterm ned val ue when the error

vol tage Ver Neixt,| alhgeroditageidedtifd8 by e ?Eéﬂiﬁ’iﬁﬁ!ng?r@ﬂ?é@ifﬁ 368l 1s
val ue. The separately set predeterm ned value is output Troma selector

228B. The seiciniedtet iRt ftal iDLV fdt Sind ! ¢ fndisd USE DO e
lighting, to output a second clip value in the case of the ordinary control

state after danpiliinipclock sRoRH i) bRIFIG ClasPbyR e Al/D EBAvE2ERX0206 Ne
‘peak control state also after lighting. The first clip value before

l'ighting hagreecatgsehl §idh€l Maddi8i treen lavet@edoby HHE shbbeHi hgosi PEESt 0
when the error voltage Verr is smaller than 0. In addition, when the error

vol tage Ver 207 idNaepréfe ¥OLhaged w18, dHerdbyrobealihdaueaderdysi supeti n
terms of the frequency division ratio of the drive pulse signal, it is

clipped at tdwta/althatoist ehd @ JiteAUaaty Shywhi O (eHOLEEKEEPIZ5. | Int ERe
case when the frequency data Ffreq - ‘
example shown in FIG. 25, the cycle for smoothing is set at the
amdunf of four cycles of the drive pulse signal. At the error
voltage calculation circuit 208, the calculation of Verr = K x

(Vref - V1pf) is carried out, and the error data Verr shown in



~not shift in the

trol aft - qrs i j fo t Shi t of
The drive osarEaoufln BRAGED OLrpT ERNFIFES aibragh shdBdiy bidTRIEN ooy

-156 output fromthe second frequency setting circuit 291 has been set as
8-bit data, its high-order 4 bits are used to set a frequency division
ratio, and its loworder 4 bits are usedgto set distribution data, and when
the error voltage Verr is 16 or nore, the frequency,division ratio changes
by 1 or nore. In this case, the first clip value is set at 16 or |ess. .
Furthernore, in the case of the second clip value, when the absol ute.val ue
of the error voltage Verr is an error voltage having one or nore frequency

di vi si.ons i (g} es£eF D6, the & LetpaRsYy 'ﬂhibséff‘ofa&&QaQfexf?%.éjrzi.in}b‘rﬁ@“@os%he

signal, the error voltage is clipped at the value of the one equency

di vi si on. Tﬁgéﬁ{éeﬁey detx g Biv¥ahye 269 Sehhaad t(cﬂ'kggg)ﬂeﬁ)i&isf Te¢10 16

or l'ess when t above-nment1oned exanple 1s used. | Ition,.

assuned thafalfie Fpred. Cloquyal dgﬁﬁ{b I t he
change in th%v bri gﬁt ness or%l%/he a?%l%i t g%%sf% ?fggﬁ& Izy.§ %%gbg%%p

processi ng gk : 8 ¢ fi q§§§#' oye- e en
the error vgﬂ’:ggéf]\:/ﬁ'r %r_t;a%q%r' Iggégg%e ore %%gm }[Eﬁg ltérr tﬁé/)%quagglel S
clipped at 8ri98dpAREEakighats NRL [EHdCEagulal Al1LidyerlEpguency does

requency I ncreasing I on. rrng the ordinary

trol, | ' { Qat i f \
ol chahge o Car Y SR e N Ry o8s, B8 shBlaPFe HRLLS il IATG S

gradual ly) so®@id bebbe MU AAhuECLIbEADE A . VA B0EMYTL of 113 0°

that is, even if the error age is away fromthe targe

repl acement opbiabibn248 Qﬁoﬁﬂeéﬁmﬁ?gi. Mgt 113 ¢h@s cgg‘aﬁ.itg.ﬁh ?])g §1A0=p 4 he

di stribution of the frequency division ratio befor coricrete

circuit exanple of (4N PPEACK BAbwS' ﬁ%‘/inias%?eg: ESo8ROWh Eg}flléh@’oni%ﬂ:{iﬁnﬂ G

58, when the lighting detection signal Vstate is at fhe evel S,

‘during the gight tROBIMLLtOL TGl | Hid RS roF g%pﬁgbgfvéz%x?&gwé. Po£

distribution data to stop the distribution o requency di visiowr ati o.
the second TTeduency st tag of AP SRt 2R e MRl e o
obtained: . Bnar Lany o ron tRe 8xgh Va1 ERptna L RECLAAEANE. 3R 0T
Ther et ore, Thel T eduraey fotbid PRI Aoty tn PRI e i B Mith the
i screte frBaueecs -aRaR €Igwm fn' (Y O PHE 226’ (nafiay NS dprhe e '

pi ezoel ect r khaltrG1¢he" of:ﬁiﬁg? c}rgﬁ.ei éts"itg%ailnalg&rbteii% &ifféfe{x@eodulyo o

configuration of the enbodi nen order “to reduce stress applie

the piezoel gat fotalr SRi QY ™MheParsB! J/ofﬁaagai&bf 9.’st adagadtd Pt?’a%'gﬁ:fié&"‘:t' on

of the frequency division ratio Is Stoppe en atarget vo
gl

reached, therdguéa ' ' edNd 2hRerfh d ' 10de
tube 203 is \‘/Tvaih;led.nyl"rﬁiggegﬁgv‘}e%dsé ?ﬁ%eﬁﬂ't Shtﬁ 1\:/% %éelﬁ% q'tghéHSPezo%T'g%HEl C

t ransf or mer thr,ony & hangieR@mVe"sh bvn tﬂPF&bq%fl?téwva&ukhgf.‘Véx\&e 1l sq,&;ﬁégfy

around the target voltage during open control at the tinme of start

~second char gpeclath 6utpatephlss 6Ea€hf %&% ?%n%‘;cﬁ@uif ¢

division ratio during frequency contro ess I n order to

reduce the chgeﬁhsofhém U 1dH paeseqy, ahdN8ReCPrblBeRbGZO6L€E4E Falue at
transformer 201: In additi oné the third charact er?stl cﬁt%ere%l?éi s that the
that time is 23 (10111 in binary): therefore, the sum of the two,
25 (11001 also in binary), is output at the next clock (at time
tl).

(e) and (f) of FIG. 26 show the high-order 3-bit data



aver age frequency change anmount during frequency control is decreased
during peak control in order to suppress flicker owwng to the |arge
frequency change around the resonance poiggt. during peak control. The
operation having the above-nentioned first characteristic will be described
by using the operation in the enbodi nent 13 shown in FIG 56. First; the
lighting detection signal Vstate has the L level during lighting start
control; therefore, when the-error voltage Verr is a negative value, it is

clipped at Qfbgqtibce davieaenssaltofi ke the?8 ow=Qrddd S -HAasFatd he |
frequency does not shift in the direction wherein the frequency division

ratio decregagstribation) b€ the 8aeh FrEEYE(SYbSt Matd] GuHfut @ tHe!59
the rel ati onshi p between the frequency and output voltage during drive .

control . Therefaageyokeithank edwendy 90bt Had A1y d8ihBe $hkve control
wll be descriged bgoreferrPLgto FIG 59. First, thgpinitial frequency at

the time of asbaribiraohcRimbet M- 3 DRitHe Sifdadiniit ¥, b1 St dti®on
resonance frequency of the piezoelectric transformer 2017 Thi's ' _
setting. poi AumberagsusBe iR Oife rl‘wﬁor%ezﬁtz;“b&'t%go!‘ef SR PO VO 408 d?h-tﬁ%?

point A the output voltage rises gradua .to point B and then poin

~when the vokkeﬁetﬁé@ﬁdéuéﬂ@ytaﬁﬂeﬂanggkegﬁtVé 9N a(‘?%;&@fhi% Be! PgDod he

error voltage Verr has a negative va erefore, i'p ‘processing

circuit 228ggbiieidbeiBaEPon W¥addes Rt 'trd d@.;sﬁ%ﬁﬁﬁ?%nt&%:éﬂe’?aigﬁ%y

as the previous drive frequency I's obtained e voltage I's

vol tage of thg BRAENY 3‘51 ofNPTd NS4 stk 'Eﬂeoguttgﬁtcglcgm?ilégoﬁg %f&rl &

waited. At the tinme of start, the operation for stopprng t ution

of the freqegrenid ¥16c0n fRlE1Q the GHdd € Sg&faa%ndﬁ%%d%m ﬁSSﬁF&E to

t he above-nentioned replacenent circuit 229. Next, e operation having the

above- ment i ened c1SeRN&yedr aa!t ehbShbei¥ll bebendessaut b@;ﬂcléé'i 6;% %hes%rfx;@

error voltage Verr is added to the output voltage at the dr requency of

the poi nt Aputaer gayniahe @'bit‘ég.nﬁﬁeB?eE?XqﬁEnE?edl@Q@LQELQR’,i §?,ﬂ§& 411 f§dcpdhen

the error voltage Verr to be added is large at this tineg, requency

Al e of onaeT Ry e ety BAAR S H ondi ng 10

val ue of one frequency division, 't is clipp ponding to
the one - }aQdirAquscy division by the clip processing circuit 228,
t hereby preventing the abrupt change of the frequency. This clip processing

i's al'so performed ghgl E%Rzle‘ts%f-bgge' bQBEEQQin'dO\Qﬁ%’Htt *2‘110%% dd Y ng

t hrough the cold cathode tube 2 may change™from a | arger ue to a

3 IrranH ﬁr_. val 4l rfitle khdNEr8gueh&y cheigY S£WRA &lhfvé)?ug.@tengiﬁngi J{]ﬂéféfx‘i' by

_ g or the like; therefore, Clippi'ng is carried 6ut so that the

absol ute valtie AbdViE-rdfondd Hidy | $1EHIEn Fatle £ Adftibuted.
Since the frequency change of the dr;ve pulse signal directly
affects brightness change; therefore, if the cycle of the
freguency change is particularly long, fl:l.ckér occurs. In
addition, abrupt freqﬁency'change causes ripples in the current
of fhg piezdelectric transforﬁer 201 at the change point of the
4frequency, and applying Stress to the pieZoelectr:Lé 'tranSformer
201 (causing breakdown). For this reason, the frequency change

should preferably be as small as possible.

FIG. 27 i1s a timing waveform diagram showing the operation



Next, the operation having the third characteristic will be described. FIG
60 is a characteristic curve show ng the tube current of the cold cathode
tube 203 with respect to the drive freql_J%rbc_y and shows a case wherein the
tube current of the cold cathode tube 203 is smaller than a target current.
When the operation point is point Ain FIG 60, the drive frequency shifts
to the |l ow frequency side in order to bring the voltage close to the target
vol tage. When the frequency has shifted,to point .B and then point C
control is sifi thedreveledl says ProcessdayC diiesith 1€, akaveTEenbongd )

enbodi ment 8. At this tinme, the output .voltage of the peak detection
circuit 213shbiwkt $hieo niaidet ([dlodk), I(%\oels;hgﬁgertq{@r@atﬁ& "chalteé/%f sglg,pal ivs

output fromthe status detection circuit 227 , and the clip value Is

swi tched fr aisra80RAGnCLiRcWakUL1 62, Arddi(c] ShbRsVEhd Gutgl dtaleiasofemé)“;
t he mavenent amount fromthe point Cto the point D becones small;

furth o ¢ ' tg 4Ha 1 :
urt her nor e a1k Qehs egveasy shodt s Itrpflg%snéxénﬁﬂé, d‘?ﬂ.,pe'd}gdh g ?'ﬁrge%%f of

control is carried out near the - resonance point,

current change t8ec8RALS oML Rirife %ﬂs&%ﬂﬂ‘ﬁ&e@ Oi%gé; rgﬁ%ﬁdjégui%jhoa%

significantly. In the. case when the target curren

the present CQWciAR _ziléﬁe%ri@fhélfx‘&ﬁegﬁ EQVELE&ohaME{o ?Ei&%ﬂ%féwl e,

an H (high) Tevel signal is oufput t he conparison circul

t hereby reseigt itRg abﬁvg%aiée-éiéwaf‘cﬂl‘(#dt 26m the aﬁ’ga%t?"igﬁ’é# ﬁ#efq:%l p |

‘I evel signal is output fromthe Status detection circuit

val ue i s shiydRphelsO 6,18 0rd Hply value ( that is , the second clip value.
For this reason, it is possible to carry out pronpt shifting to the target

current. In the e”‘?ﬁ@f@ﬂéré@*edﬁ@cigﬁh&"tbﬂﬂﬁ”t?xfe é%i% o Wi PPN

ratio at the tinme of start 1s stoppe abrupt frequenc ange IS

~ prevented, %dsm@niiww?@tl,oiaéér?&éleﬁ%&mwgg;.s,e%ﬁegﬁssé R AP RERK

control by using the station detection circuit I p ‘processi ng

circuit 228 qaédite20berd £ ¢aErd1 £ihs Wdge2?9s ahdhastbPeth B0%Ra J&ﬁgéé” e,

it is possible to attain significant-effects of reducing stress to

pi ezoel ect rigut 3gnaqr Qﬁﬂ.t%ﬁlnér)dtﬂéraﬁfvt%‘ﬁé : hé G Hud Wel Qﬂﬁﬂﬁi‘kshovlglré

control. In addition, in the enbodinment™ 13 o e. present invention, t

di stributionpf(dhes Fagency, d&ngsgeﬂe&%koaﬂat gs Ebﬁ?igﬁré&a{&. é&tput »
st opped, abrupt frequency change is prevented, and the 1 nCrenent of

frequency chaigeudtpute PR ignaNorPeRK £8%LrSk-eale" 8iRER1t HE1AT INeRT
circuit of the enbodinment 13 has g '
the output of the distribution circuit 210A has the H (high) level
or to output the output pﬁlse signal of the divider circﬁi_t 210C
when the output has the L (low)_ level. Therefore, a 6.5 frequency
division pulse signal is output from thé selector 211B aé shown
in (e) of FIG. 27. In this way, the reverse-edge proc.ess:l.ng
circuit 211 has a role of suppressing the frequency change of
the drive pulse signal. _ | |
The effect of the‘ reverse-edge processing circuit 211
differs depending on the distribution system at the distribution
circuit 210A.. The difference in the effect of suppressing the '-

frequency changé between the cases of two different distribution



- 162 significant effects of reducing stress to the piezoelectric
transfornmer 201 and of preventing flicker during peak control. Furthernore,
each of the driving circuits shown in i§g¢_above-nentioned enbodi ments has a
drive systemsuited for digital LSI formation; by conmbining the drive
systemwith a liquid crystal controller and the like to formone chip, the
nunber of parts can be reduced significantly. Therefore, it is expected to
have an effect of maki ng conpact video apparatuses nore conpact.

Furt her nor systées widsebe deyepibea Bya&etakemn?fé@@tm@. Q@uUpH IgTEaARYEES W th
respect to various protection functions and the like to prevent the problem

of power s2Ppty 3o|dmgavdvefiniftdiyrans) Whthen! @xkA avdvieshd QrePgavkhcal
use; and to prevent worst conditions; therefore, the piezoelectriC

{ransf or meassunkhoE IRt ehis! A0t BuDI6H ol V8™ i@ thak! (Y Ereflbhty
effective for practical use. Although the present Invention has been

descri bed anvisieh wit1d12sPaeseRYbited fiEthads YROUITRR Eheldri
under stood that such disclosure is not to be iInterpret gdégg chin‘% #’ﬁé‘gg

Various al 5egaalonsIrder®@ds {1054t DOF méithodSh S An PRE0 S8 aRBaEr?é‘hfa{tgr

those skilled in the art to which the present invention pertains, a

having reagsibg afiepetdeeemosHEe rrGaaREL"EL cirbli€ndge t gk the

i tih
appended cl ains be Interpreted as covering a?fl aPteratl ons “and

modi fi cati pew-82déal M1ubi i BatheBt FHE SBtELhgaRfles | B¥eghion.
-163 | NDUSTRI AL APPLI CABI LI TY The pi ezgglltg?fithrgi gﬂte r ggg?ggf#gtq i v?éné,'-*‘%i rcuit

in accor daaeequehaytdla,ﬂﬂﬁe&tatEmeQwigrtﬂi%g%t%gdffam@ﬂéf 212560 th %g%'i%gﬁ 4

tube for the backlight of a liquid crystal display nonitor and so

used al S0 tOrtHEeBTANGYcIOMPUEER1cRISthdd I¥hd &;lwgir%PTt%ﬁVé 'aﬁéétll%rc]: a

VCR integrated with a canera with liquid crysta I spl'ay and so on.

particul ar outpatsi &a el @dH F llevassagman- dhi i!h@gffféf%#c:}é' 5 @ 8RRE
e

with the present invention enploys a digital system the ore; It can be

formed int eyene, cdnd ocu@@Ritizean W {(hodh hfévéﬁ'sigﬁmﬁ‘gnsﬂ% Vi | cle . h

attai nabl e, thereby being particularly effective r-a VCR integrate
- a canera, godtBHet8thcayena. etc. , required y _ to be nmade ul tra-conpact.
Furthernore, since the driving circuit enploys the digital system

| nf ormati on exchanganeaastiebaeebR\heEnsd ShaM $nPEls *3% andh AGraRCced
dimm ng control and the . like can be attained; therefore, automatic dinm ng

depending @Reldwtaisies £6eNfesdd tHIDHC(HIGH] 4RLAASS 168013 S Q1T AMALRC] 8l

performance higher than that of conventiona immng-control. Al NS .

1. A pi ezoghaster mimd@EYRLg iuidIgtab dd B AUTBIdShoga, A1 A1HTIGRG! 1 C

transformer which is supplied with a controlled current to be supp to a

col d cat hodeveubeigndidisvanstribitel ¢dusaaY nfhnardd Wydidsse signal, a
current detector for detecting a load current flow ng through said cold

cathode tube, a regtiHe intHdd GHdwn 2 PRBYESE NGy 219k f@pmesr:}ﬁ kit Atie

vol tage obtained fromsaid current detector into a substantially DC

vol tage, reverse-edge processing circuit 211, at the time of 8-to-9
frequency division shifting or at the time of 9-to-8 frequéncy
division shifting, an 8.5 frequency division is always present
therebetween so that abrﬁpt frequency change does not occur.'
However, for the'period of distribution cycles, i.e, 8 cycles,
an 8-frequency division pulse signal and a 9-frequency division

‘pulse signal are pres'ent simultaneously, thereby causing

frequéncy change of one'freq'uency division at the'ma:':imum. In

’



an A/D converter for converting the voltage signal rectified by said.
rectifying circuit into a digital signal, an error voltage
calculation~circuit for multiplying the.difference data between the out put
data of said A/D converter and reference data supplied externally by a
constant and for outputting the result as error data, a frequency setting
circuit for setting the frequency of said drive pul se signal of said ‘
pi ezoel ectric transfornmer as Mebit data (M an integer) depending on said

error .data, oghdirvirsteds £iinctthe dDst e el 6 nie tHo@ knbai 1w Far edetsirdgied
frequency at a predeternined frequency division ratio .to generate said -

drive pul setsi ghal pakzdeilechirazoairetisficiniera P10y td At rékuthiditypal d
frequency division ratio for ‘the period of N cycl-es (N an integer) of said

drive pul sechag@el is ré80cef; ShovePeez08besighiritant§ OffBet ané d¥¥ained
carrying out control so that the average frequency division ratio for said

peri od of NfeyctBEckér sebairaenical.l VORI otRet Randa! 16 tolel mé Fie6la BY rdms di ng
said Mbit data output fromsaid frequency setting circuit by N, and :

pover transipst ghaf 90, dindd1¢neAnexPnBROLL €GhéhEy ISANIOHBY the périod of
pi ezoel ectric transforner-dr|V|ng circuit conprising: a piezoeléectric

transf or mer gagpRtiined 19t E‘Er%l%%nﬁ.%ob' Sdfféﬁﬁéﬁéyt&i@fsf?iﬁp' iRfrd exﬂe&e'f?s

cat hode tube and driven at the frequency of a drive pulse signal, current

detector foatdelieed 16 Prievdhtdd BYtH 1 et AdyLUd a?é dpféwei:@éf%

tube, a rectifying circuit for converting a sine wave |1ke AC voltage

obt ai ned fr qiswRiFbrHéx 201 UBIEHINCHEY Gabwhsigali al |y DC vol tage, an A/D
converter for converting the voltage signal rectified by said rectifying

circuit into a digrhal agh¢Babulae 81baa1Yebiadfetlatulaiddin vdd alidve 9s
nul tiplying the
power-amplified by the power transistor 210 to drive the
piezoelectric transformer 201.
In the driving circuit of the plezoelectric transformer
201 of the embodiment 6, by the above-mentioned operations, the
data Verr output from the error voltage dalculat:l.-on circult 207
; Becomes"a.positive value when the current value détected.by the
current detection circuit 204 is lower than a desired.value; in
other words, when the digital signal lef output froﬁ the
'smc‘»othing circuit 207 is lower than the reference data Vref. As
a result, the frequency division ratio distribution divider
circuit 210 increases the frequency division ratio. In other
wofds, at this time, qperation is carried out in the d;rection
wherein the frequency of the drive pulse signal lowers, and the.
step-up ratio of the piezoelegtric transformer 201 incfeases.
By this oper&tion, the current.flowing'through.the cold cathode |

tube 203 increases.



di fference data between the output data of said A/D converter and reference
data supplied externally by a constant and for outputting the result as
error data, a frequency setting circuit qu.setting t he frequency of - 166
said drive pul se signal of said piezoelécCtric transformer as Mbit data (M
an integer) depending on said error data, a divider circuit for dividing a
cl ock having a predeternined frequency to generate said drive pul se signal
of said piezoelectric transforner, and a power transistor for driving said

pi ezoel ectri ¢ tr g e BERe LRl N Wi EhBAMRSI M 1HIPRek b 800y Haied
divider circuit is distributed for the period of predeterm ned cycles, and

the frequeg@yreh¥i @ 0dctféh Cidlcdite 204015 i ghed¥ thdh the ddsfPed valte Al) th

cycle (wherein, in the above-mentioned expression, Ax represented by

AL, w, Angd bﬁharnwaeascawéﬁl the Qu@rit;h)l is3 gfia4e W1 fprfora thut QWO d8le
‘n-bit data (BO 2 + + wherein in the a ove ment 1 oned

expr essi on e b 0 éﬁgﬁg 1
) and the ﬁ?gﬁtgsggrégggﬁ?tdg?z isa&i her EF%IHB er §€ dt ewﬁf%ft

dat t t fr.ql i
(i)a ?Zopugﬁt%agaw &pﬁé@ﬂt’@"iﬂ’tﬁ@ éﬁd\ﬁbﬁﬁér%t;&&néﬁ/ k'aezat&dn%eggf.xgngw on

(1) 3. A prRaat&Sidp Fatisbd dHdeidt 1Gid Gf'ﬁ:szPﬁéksddlgde eases,

pi ezoel ectric transformer supp mnth a contr ed current to be supplied

ol 'S AR e gt R L R
‘ o decreases.
When the abbve-mentioned opefation is repeated, and when
the current value detected by the current detection cifcuit 204
becomes the desired value, in other words, wheh the digital
signal Vipf output from the smoothing circuit 207 is equal to
the reference data Vref, the data Verr output from the error
voltage calculation circuit 208 becorﬁes zero, and the frequency
of the drive pulse signal is stabilized. |
As described above, in the piezoelectric transformer-
driving circuit of the embodiment 6 in accordance With the
'present invention, when the drive pulse signel 1s generated by
' frequency-dividing the master clock, the frequency d:l.visien
ratio is distributed in a predetermined cycle, the resolutienv
is raised by using the average frequency, and the processing of
using the reverse edges of the master clock 1s carried out.
Therefore, the piezoelectric transformer-driving circuit of the
embodiment 6 can obfain frequency accuracy twice as high as that

of the clock equivalently; therefore, the resolution of the



t hrough said cold cathode tube, a rectifying circuit for converting a sine
wave |ike AC voltage obtained fromsaid current detector into a
substantially DC voltage, an A/ D convert-e94 for converting the rectified
voltage signal into a digital signal by using a predeterm ned sanpling .
clock, a snmoothing circuit for snoothing the output data of said A/ID
converter in a predeterm ned cycle, an error voltage calculation circuit
for multiplying the difference data between the output data of said
snoot hi ng ciavanagearfirepfanahds datisegp@ndedtexsepossipleyta ebhainnthand
for outputting the result as error data, a frequency setting circuit for
setting the firesmenuy fofr satdidng thepbrighdngsal off theai dopdezatheder tube
“transfornmer as-Mbit. data depending on said error data, a divider circuit
for dividi n®2@3 ctaock desdred avgrwalet er m ned frequency to generate said
drive pul se signal of said piezoelectric transforner, and a power

transi stor for driwsndesardbpdepveviotisily,timmafdeamio obtaih pi £reguentyi c
transforner-driving circuit in -168 accordance with claim3, further
conpri sing: zesolootiomeLiC KHz iwidndting driermiidey fifeguenchi of thecuits
havi ng t he sanme snoothing cycle and di fferent snoothing phases, and a

sel ect or cirpiezodlectmic cirargsfidmmemit20% iof L@mlquluaablbpkobfs&DGHblng
circuits and for outputting the out put

required in the method of simply frequency-dividing the clock.
For example, when it is assumed that the distribution cycle N
= 100, an average resolution of 10 Hz can be obtained at a;clock
of about 10 KHz usually used for a liquid crystal controller and
the like; in addition, stress to the piezoelectric transformer
1 due to frequency distribution can be reduced by the
reverse-edge processing, and it 1s possible to have an effect
of suppressing flicker.

In the piezoelectric transformer-driving circuit of the
embodiment 6, by the LSI formation of the error voltage
calculation.circuit 208, the frequency setting circuit 209, the

'frequéncy division ratio distribution divider circuit 210 and
the reverse-edge processing circuit 211, it is possible to
significantly reduce the number of parts, therefore, the effect
of making the compact video apparatuses more compact is |
significant.

As described above, in accordance with the embodiment 6
of the present invention, by using the reverse edges of the master

clock, in the distribution cycle N = about 100 for example, it



at predetermned timng to said error voltage cal cul ati on CIrCUIt i n order
to output the newest snooth data. 5. A piezoelectric
transfornmer-driving.ci,rcuit in accordancgsw th claim3, wherein said
frequency division ratio of said divider circuit is distributed for the
period of N cycles (N an integer) of said drive pulse signal of said

pi ezoel ectric transforner, the average frequency division ratio for said
period of N cycles is set so as to be substantially equal to the value
obt ai ned by il podsipleaiclobthiih alnheefrblgearesdlegion oSUl PKHzZI £66m 2a¢ Tock
frequency setting circuit by N, and the snoothing cycle of said snoothing
circuit is aF abotgrbd MAY Lispae 1yohsédeEdYt ayli@sidicrsaithldebrerpiiee and
signal. 6. A piezoelectric transformer-driving circuit in accordance with

clai m3, whetes ik fuhegeTone diavisiigan fidkn® eErsatdcdhvbeesbeai st £68
di stributed for the period of N cyeles of said drive pulse signal of said

pi ezoel ect rithd r&ipitdIRiat Bt df1ethé SFLEIGY1 dbtit 5t Ofrd i F Ormérideieity 2 +
Al 21 + -169 + An-1 2-1)th cycle (wherein, in the above expression,

Ax representelirdyit0, IAL additidir,l 1inS theWidodalentalsue stdeds ko tike Ji ven
fromthe | oworder n-bit data ( BO 2 + Bl 21 + + Bn-12"'1; wherein in the

above- ment i @B&Wwﬁi@wa@sﬂo&mﬁsﬂ&beﬂo% e aistrBbukiich dan be

nunerical value, 0 or 1 ) and the high-order it data C ( C: a decinal
nurmber. ) of tédudddity daied restedie fdays %&lod:efsrsﬁ.ﬁ@@n%dsﬂzt wgpsséwlé By
the follow ng expression (2): {AO Bn-1 + AO Al Bn-2 + AO AL

An-2 An-1 HKY¢ a Signbficdie effedhi of Nxﬁéﬁe@éiﬁgﬂﬂlﬁéﬂﬂ@fhl ng circuit is
‘an integral nultiple of the N cycles of said drive pulse signal. 7. A ,

pi ezoel ect r i ¢c<Embodimsmer?y i ving circuit conprising: ‘a piezoelectric
transforner supplied with a controlled current to be supplied to a cold

cat hode tube and diNewsn a pﬂuzdanyvﬁrﬂn/uﬁansﬁﬁrmerquﬂﬁvinygumﬁcuitcmﬁreht
detector for detecting a |oad current flow ng
accordance with embodiment 7 of the present invention will be
described. The embodiment 7 is a proposed drivingcircﬁit having
a drive pulse duty control system capable of attaining high
efficiency in a wide power supply voltage range.

FIG. 32.1s a block diagram showing the piezoelectric

_transformer-driving circuit'of the embodiment 7. In FIG. 32,
the components having the same functions and configurations as
those of the above-mentioned embodiment 6 are designated by the
same numerals, and their explanations are omitted.

In FIG. 32, a microcomputer system 200 controls the
ovérall system. This midrocomputer system 200 has means for
independently detecting power supply voltage and a ROM for
storing pulse width data depending on the value of power supply
voltage, and is configured to notify the driving circuit of the

' embodiment 7 of pulse width data.



t hrough said col d cat hode tube, a half-wave rectifying circuit for

"hal f-wave rectifying a sine wave |i ke AC voltage obtained fromsaid current
detector, a comparator for conparing the d@lf-wave rectified voltage signal
with a predeterm ned reference voltage and,for outputting "H' |evel data or
"L" level data, -170 a pulse wdth detection circuit for detecting the
pul se width of the output data of said conparator, a snmoothing circuit for
- smoot hing the pul se width data output fromsaid pul se width detection
circuit in a predeCompactdvidebeapparatusesvahdiags O¥Ccmbaieompsaratusesor
mul tiplying the difference data between the output data of said snoothing
circuit and usiElEndsaviata powed isaphpdyt dolalalge Bgtactodat maansntof @stect
outputting the result as error data, a frequency -setting circuit for -

mul ti plyi ng the remainidpamoahtsef i daEdleiiyng Theembodimeént dnakast pewdrf or
setting the frequency of said drive pulse signal of said, piezoelectric
transf or mer saspplpivolicdge (Mformaticgefyomatiiyipoweti sepply fes1tayedi ng a
cl ock having a predeterm ned frequency to generate said drive pul se signal
of said pi ezdetection meéamsf oATRYL L s Gvidl oWt Him Yivioui f @1 drdeddoisani d
pi ezoel ectric transformer. 8. A piezoelectric transfornmer-driving circuit

I n. accor danqeuléé width of Xins phlseosDgnsl ritputs FRointe FaeRRehicgndivesyehng
a plurality of smpothing circuits having the same snoot hing cycle and
different sratiodlsprdbertiomdiaidereeircult 200/ onftdle bukishdHanehpowsiput
of said - 171 plurality of snoothing circuits and for outputting the

out put at prsvppry ntolethde ninfprintatsibord fyonotheohtiagecompatteat sgatemr 200t i n
order to output the newest snooth data. 9: A piezoelectric _
transforner-drivi n@dhe palse whdtl cettainee cdirchit! 20 2nof thleeptéfoshedtric
frequency division ratio of said divider circuit is distributed for the
peri od of N tyahsfoXmeradriviegecirctitaofi thevempodsmest gnawvibl Bai d

pi ezoelectric transformer, the average frequency division ratio for said
peri od of N @égstribed specisiaeslly. b&ISub38ard aablyckglidgram ishewimlguehe
obt ai ned by dividing said Mbit data (M an integer) output fromsaid
frequency seconfijgeration df tHe pullseheldtiveehitinpgcgtieuit 212. As shown

in FIG. 33, the pulse width setting circuit 212 has a counter
circuit 212A, a multiplier 212B, a decoder 212C and a flip-flop
circuit 212D.

The dounter circuit 2122 ié reset by the pulse signal
output from a divider circuit 210C. Thé multiplier 212B
multiplies the frequency division data output from the _adder 210B
by fhe pulse width» data output from the microcomputer system 200.
The decoder circuit 212C outputs an H (high) level signal when
the couhter value ,6f the counter circuij: 212A is equal to the
data output from the multiplier 212B. When the output pulse
signal of the divider circuit 210C has the H (high) level, the
flip-flop circuit 212D is set in synchronization with the master

clock; when the output pulse signal of the decoder circuit 212C



-of said snoothing circuit is an integral nultiple of the N cycles of said

drive pulse signal. 10. A piezoelectric transforner-driving circuit in
accordance with claim7, wherein the fregyency division ratio of said
divider circuit is distributed for the period of N cycles of said drive
pul se signal of said piezoelectric transfornmer; and the frequency division
ratio at the (AO 2 + Al 21 + + An-1~2n'1)th cycle (wherein, in the above
expression, Ax represented by A0, Al, , An-1 is a numerical value, 0 or

1) is given H4gorerHder l(agpdeevB1bi tndatfi g BA o8 c*nfé,iui@(ljnb*zn+1§“ré§é'tlin

wherein in the above-nmenti oned expression, Bx represente

Bn-10s a nugpieRalnyaktiton dyfth thd WadrdraBfbbpe hi oh- order mbit data C

(C: a decimal nunber ) of the Mbit data output from said frequency

setting circuit by 'Itﬂée Jﬂiézo‘%dﬁgfi%‘fﬁaﬁ%h%” 153%:5)6{ @év@ﬂg ciré@ b BR-

+ + AO' Al " An-2 w An-1 snDot I'ng cyc e

of said snmooiibi@ifiEUdats 8 eaﬁgiéilf% B PiEnd' ol NEnOLEYSE CERg sal d

drive pulse signal. 11. A plezoe ectrict orner r|V|ng crrcu

COP i ST NG:SoNEZAOALLLLE MBI’ SHBRN! £ #4d N 24 COBLLOLLBEHagHERE!

to be supplied to a cold cathode tube an riven at the freguency o

drive pul se pi@gterd Pf'élheﬁﬁed&hSG&ﬂﬁex§9r6 dfﬁefﬁé'agu?%' mﬂoaﬁgﬁet 77hgw ng

t hrough said cold cathode tube, a rectifying circult converting a sine

vave ;In i<leai°~|c‘cdx%%i§&|?e&t§@'t'i‘ﬁi Erﬁméé'rfaﬁlﬁg ol ggbest vﬁ:[df:ﬂ' e Ene mas
y vol tage, a conparator for conparing the rectifie tage
signal Wth eue¢ldes coutpat 48T ShERR LY Ol & PO6s aREG T 084 08LRUELHEE 1kter,
although thé pulse width of the drive pulse signal output from
the frequency division ratio distribution divider circuit 210
has‘not been made specific in particular.

The operations of the pieioelectrib transformer-driving
circuit of the émbodiment 7 configured described above will be
described by referring to FIG. 34, a timing waveform diagram.

(a) of FIG. 34 shows the master clock, and the pulse width |
setting circuit 212 shown in FIG. 33 operates in synchronization
with this master clock. (b) of FIG. 34 shows the output data _
_of the adder‘21OB, showing the frequency division ratio of the
drive pulse signal. The drive pulse signal shown in (c) of FIG.
34 is output from the divider circuit 210C depending on the
frequency ratio on the basis of this output data. When the output
pulse signal of the divider circuit 210C has the H (high) level,
the counter circuit 212A is set at "1," and the value is
incremented in synchronization with the master clock as shown

in (d) of FIG. 34.



| evel data or "L" level data, a counter circuit for counting the output
data of said conparator for a predeterm ned period, a snmoothing circuit for
snmoot hi ng the count data output from saidygounter circuit in a

pr edet ermi ned cycl e, -173 a selector circuit for selecting the output
data of said snoothing circuit or the output data of said counter circuit
and for outputting the selected data, an error voltage calculation circuit
for multiplying the difference data between the output data of said

sel ector circuit ampd tRéanelEEpIidd 230BD! tRE cudmitdaty 6¥ theaadezntiond
for outputting the result as error data, a frequency setting circuit for

- setting the {4 efilaipa idid B3 €ndrdyea QUledeosi Br@l ) I spiiAaA €ebil €he
transforner.as Mbit data (M an integer) depending on said error data, a

di vi der cironiérdeomplité i s Berk 200K, Aad BHeadRt2ISHGHR 1L £) @gURNCY 82
generate said drive pul se signal of said piezoelectric transforner, and a

~ power transisé gufgit dr it hes dedoldie?Z eghealiti 21btanghen™he. odpud data
pi ezoel ectric transformer-driving circuit iw accordance with clarm 11,

wherein sai dof rafl! e td iirduitabil 0a0i s S@hdla fli 6 Aale WutPHt data of the
distributed for the period of N cycles (N an integer) of said drive pul se

signal of sandleiproeteriinC 4d A1kQelBsighlt By as@gsut rE@eeey racYyi sion
ratio for said period of N cycles is set so as to be substantially equal to

the val ue obtwé ned e Xy iciirt@izabd bt bs tsetnby the GRtpit aIde gdigpal beom

said frequency setting circuit by N, and the snoothing cycle of said:

smoot hi ng ci theidividen ¢IECGL el 21008 tdnd eedfet! by Mheyoutput puldd sofnaaid
drive pulse signal. 13. A piezoelectric transformer-driving circuit In

accordance Wt htlié adéeddet 207D £ithddedby IRAYRIAM Y \d FighalakisOthe adiite
divider circuit is distributed for the period of N cycles (N an integer)
of said drivpupgéseigngbal of said piezoelectric transfornmer, and the .
frequency division ratio at the (AO 2 + Al 21 + + An-1 w2"-1) th

cycle ( wherein , ixsidescaibel adoves Sheopulséwi@th aserird obitphd, pllse |
An-1 is a nunerical value, 0 or 1) is given fromthe |oworder-n-bit data
(BO 2 + Bl s2dgnal-oBrtHe pulseéeidith settifgabireudEntipniad detertdsed byBx
multiplying the output data ((b) of FIG. 34) of the adder 210B
showing the frequency division ratio of the drive pulse signal
is multiplied by the data ((e) of FIG. 34) transmitted £rom the
microcomputer system 200. In this way, the embodiment 7 is
configured so that the duty value of the drive pulse signal is
made variable depending on the data of the microcomputer system
200. Therefore, by setting the above-mentioned duty value
depending on the power supply voltage detected by the power
supply voltage detection means provided inb the microcomputer
system 200, the duty value of the drive pulse signal can be set
-at a given value depending on the power supply voltage. For this

reason, in the driving circuit of the embodiment 7, it is possible

to obtain an optimum pulse width depending on the change in power



represented by BO, Bl, , Bn-1is a nunerical value, 0 or 1) and the

hi gh-order mbit data C (C. a decimal nunber) of the Mbit data (M an
integer) output fromsaid frequency settiqig circuit by the follow ng
expression (4): {AO Bn-1 + AO Al Bn-2+ + AO Al " An-2 An-1 BO
} + C__- (4) and the snoothing cycle of said snmobothing circuit is an
integral nultiple of the N cycles of said drive pulse signal. 14. A

pi ezoel ectric transformer-driving circuit, wherein the output voltage

thereof is chgiged vorLtddoi M6 Wit G@HARCY the Ardriivy R4IrERIY GHltHe
control the current flowng through a cold cathode tube, conprising:. a

current det eskBSdindritc W tedPr aSBYE Cihd el Qb SEF{ & ransfor®r & high
rectifying circuit for converting a sine.wave |ike voltage obtained from -

sai d currentefiet&Ed@p L r&Wiaé “éékv@r DXaply e tage AAdhgonverter for
converting the rectified voltage signal into a digital signal, an error

vol tage cal cul ati oRsCige@drited abdvie Phti Bfel 88bEaLMBHENGCoHALRe DPENEERL T N
out put data of said A/ D converter and reference data supplied externally by

a constant afwkdp¥icil Rld idity RRILBSHE! tRe B IVY lalds 3 J-A0uaRCYeSELEI NY
circuit for setting the frequency of said drive pul se signal of said '

pi ezoel ectrigs tdeyiSied TpfaMP dn 43e? pdRReNELPP19NvoRitagRl b9’ tHa! Sowdr
divider circuit for perfoimng Trequency division at the posiiive edges of

a_ clock haViﬁ?ﬁlﬁf\%@Ea@ééﬁ detle &t LGN GREINS o £ ONRE AhfoPSbOmPhty s HisEEm;
signal of said piezoelectric transfornmer,
therefore, it is possible to obtain an optimum pulse width
deﬁ)endihg on the change in the power supply volt;age. - In other
words, in the embodiment 7, it is possible to drive fhe
biezoelectric transformer at high efficiency in a wide power
supply voltage range.

In the piezoelectric transformer-driving circuit of the
embodiment 7 in accordance with the present invention, h;ghly
accurate drive control can be carried out for the cold cathode
tube 3 depending on the usage environments (brightness,
temperature and the like for example) of a cold cathode tube 203
driven by this driving circuit. In this case, measurement data
indicating the usage environments are calculated by the
microcomputer system 200, and frequency contro’l is carried out
‘depending on the result of the calculation; therefore, it is
possible to control the brightness of the cold cathode tube 203
at a desired value.

<<Embodiment 8>>

Next, a piezoelectric transformer-driving circuit in



a reverse-edge processing circuit for latching the output pulse signal of
said divider circuit at the reverse edges of said clock and for outputting
the |l atched signal, a selector for seleg&bgg the drive pul se signal output
fromsaid divider circuit or the drive p e signal output from said -
reverse-edge processing circuit and for outputting said selected pul se
signal, and a power transistor for driving said piezoelectric transforner,
wherein -176 the frequency division ratio of said divider circuit is

di stributed {e8otdihdie 105 UmdEdfS e0besehd gfggsneuigseﬁwaﬁ' wiysped

pi ezoel ectric transformer so that the average ffequency division ratio tor

Grvi g {he Vb Lo a et Trea et BIUE PRt ARt
Ncycles 18 SreorPp el SHetdbing SRBTY L Bt B e TR
Givider o1 roif (TR IO 3 A0 MSME R MR el e w
out put dat & oA R T o O e T oo et Sk brfidninght 47°

i by th . = j j t i i t H
G1VEn " Fech oty o Mo Wi By 158 A 45 B St OURRU
pul se si gnal cof £ HRlch Pi S HsLEhESE o %%%%%Lme?‘gfﬁﬁf? gxﬁ%ﬁfrﬁéﬁ’cg 6 %nd

transfornmer-driving circulrt in accordance with ¢ erelrn sal

sel ector outpulfe [ igdated By and Wadle 'Hg}nglﬂhléﬂOHh&a"tﬂgifvéﬁﬁfaxﬁgﬂgﬂnsH

- processing circuit when the output of sal

Istribution "circu

(hi gh) Sjgn?ére omitted.
As shown in FIG. 35; the piezoelectric transformer-

driving circuit of the embodiment 8 has a peak detection circuitl
213, This i)eak detection circuit 213 has a function of holding
the output voltage of a smoothing circuit 207 for a predetermined
period, compares the output voltage of the smoothing circuit 207
obtained at that time with the held voltage, and detects the
resonance point of a piezoelectric transformer 201. FIG. 36 is
a block diagram showing a concrete example of the peak detection
circuit 213. A déiay circuit 213A delays the output voltage lef
of the smoothing circuit 207 by the period of one cycle of the
smoothing cycle pulse signal and outputs it. Hereinafter, the
output voltage of the delay circuit 2132 is simply referred to
as Vdly. A comparison ciréuit 213B compares the level of the
output voltage V1pf of the smoothing circuit 207 with that of
the output voltage Vdly of the delay circuit 213A.

The embodiment 8 is configured to output an H (high) level



or outputs the drive pulse signal output fromsaid divider circuit when the
output of said distribution circuit-is an L ( |ow) - 177 signal. 17. A
pi ezoel ectric transfornmer-driving circuijpin accordance with claim 15,
wherein said distribution circuit outputs an H (high) signal so as to
distribute said signal at even-nunbered tinmes or odd-nunbered tinmes for the
period of N( = 2M- Mi ) cycles when said data A of said | oworder M- M
bits output fromsaid frequency setting circuit is smaller than 2M - M/ 2.
18. A pi ezoddigmiali whiehathieooitpuds vollitggei Valytof Wiee adel dpecrdylt 248BA age
t hereof.i's changed by changi ng the frequency of a drive pulse signal to

control the isutaegerftivah nghd iuapgit olehde CHIFIO@E thbesmoothingicircwit
- current detection circuit for detecting a |load current, a rectifying

circuit for 200ngadtticgudphitn&n \Iay & oli) Keewell Eagaadbileémathe vagpativbXtagent
detection circuit into a DC voltage, an A/D converter for converting the

rectified voldlage ssigyallldmnton acltk ildr Hidl ; HaethaEtexql tthge output
calculation circuit for rmultiplying the difference data between the output

data of sai dro¥tageoB¥ethercamsarbsen aiaeudal a13BpPs ity eefalrneddiyoaas
constant and for outputting the result as error data, a frequency setting
circuit for weigl ng the frequency of -178 the drive pul se signal of the
pi ezoel ectric transformer as Mbit data depending on said error data, a

divider circuit fom @i fidiprgladpClcagicuiayi2n@ca nasede reset) Ehniotdgnsn dhilso
generate said drive pul se signal of said piezoelectric transforner, ‘a pul se

w dth setti ngirgcuitiiils Fesetecat i pigvéreorn wirywhehi thefoutipa tdviodet agel vepsi@ﬁal

output fromsaid divider circuit
the smoothing circuit 207 is larger than the reference voltage
Vref, and outputs an L (low) level signal. On the other hand,
in the cases other than described above, when the output .voltage
Vlipf of the smoothing circuit 207 is smaller than tﬁe'output‘

' voltage Vdly of the delay circuit 2133, fhat is,bwhen the value

of Vcmp has the H (high) level, the output is inverted at the
rising edges of the output voltage Vcmp of the comparison circuit
213B from the L (low) level to the H (high) level. Hereinafter,
thé output signal of the T flip-flop circuit 213C (the output
signal of the peak detection circuit 213) is simply referred to
as Vpkdet.

In FIG. 35, a polarity inversion circuit 214 is a circuit
for switching the sign of the output data Vorr of an error voltage
calculation circuit 208 depending on the output signal Vpkdet
of the peak detection circuit 213. When the output signal Vpkdet

of the T £lip-flop circuit 213C has the H (high) level, the output

data Verr of the error voltage calculation circuit 208 is



dependi ng on power supply voltage information from an external

m croconputer system and-a power transistor for driving said piezoelectric
transformer . 19. A piezoelectric transfgopger-driving circuit in accordance
with claim18, wherein said pulse width setting circuit conprises a.counter
circuit, a decoder circuit for outputting an H (high) signal as the output
of said counter circuit depending on a value obtained by nmultiplying said M
bit data output fromsaid frequency setting circuit by power supply voltage
i nf or mat i on Xmvewrtednamd owhputter oaythengptlzend hearfd i phenl bhecoutput Hbgmayl
‘reset by the output pul se signal of said decoder circuit. 20. A

pi ezoel ect riltad rdvesLof bew ) drewelngthercwtput WareeVarrhef diteperrovl voljeage
~thereof .is changed by changi ng the frequency of a drive pulse signal to
control the cateeldtiomveimcuit 1708 t he cogtpat cddlxectlhode t ube, conpri sing:
a current detection circuit for detecting a load current , a rectifying
circuit for conver tTheg oxtheimeonfiguratd onsl tadeopbratherdsfobntbai drivingnt
detection circuit into a DC voltage, an A/D converter for converting.the
rectified votingeitsicfhzhe embodidentilare gubktantiellprthelsaageas those
calculation circuit for nmultiplying the difference data between the out put
dat a of sai dofVthRecdnireingrcixwhitebEr e abdaeamenppbned emvedireénty 6bghawn
constant and for outputting the result as error data, a peak detection
circuit for imlBIGg 24 andptheilnt explasatilons Darenoeittedfberain. The
predeterm ned périod and for conparing the output data with previous data
to detect thepersthemsecofoihe pHalsaletqutdaoelcdotouidc 2danaehdr bbe, palpoityity
~inversion circuit for inverting the polarity

inversion circuit 214 of the embodiment 8 will be described

below; in addition the operations and effects of the overall
control of a piezoelectric transformer will be described below

FIG. 37 is a view illustrating the operations of the peak
detection circuit 213 arid fhe polarity inversion circuit 214 at
the time when the voltage of the piezoelectric transformer 1l at
the resonance point thereof is smaller than a target voltage
owing to the drop of the power supply voltage. FIG. 38 is a timing
waveform diagram illustrating the operations of the overall
driving circuit in the embodiment 8. |

The conventional pieioelectric transformer drive device,
disclosed in the Japanese monthly magazine, NIKKEI ELECTRONICS,
November 7. 1994 (No. 621), pages 147 to 157, explained in the
descriptions of the prior art, uses a drive system wherein the
drive frequency is decreased as low as possible in the dynamic
range of the circuit in order to bring i:he voltage close to the

target voltage. Therefore, in this drive system, the drive



of said error data depending on the output data of said peak detection
circuit, a frequency setting circuit for setting the frequency of said
drive pul se signal of said piezoel ectricipgansforner by addi ng the out put
data of said polarity inversion circuit to the previous frequency setting
value, a divider circuit for dividing a clock having a predeterm ned
frequency at a frequency division ratio depending on the output data of
said frequency setting circuit to generate - 180 said drive pul se signal
of said piezZeg@mncy shifitd drepomd aie peakieantdr ahei sodtagerrequired said
pi ezoel ectric transfornmer. 21. A piezoelectric transfornmer-driving circuit
i n accor danckight hthe a¢ed@Ocathdide etwbe heammo pube debhtariedai vegpebking in
detection circuit is reset when the output data of .said A/D converter is

| ar ger than barninefit emff. data or when the- absol ute val ue of the out put
data of said error voltage calculation circuit is smaller than a

predet er mi ned val udlthwodighhdheolaiveyspstemeopritha dord vamigpot realide ofif thai d
peak detection circuit is inverted when the output data of said A/D
converter i sembediment Binlsa dmisfeesystendasharadd dheodsivwel Erefthancyhes
previ ous out put data of said A/D converter. 22. A piezoelectric

t ransf or ner -Towered) ioi oxder tiorbxaing thanoel taddictbae ma?the Waargetnvobeage,
frequency division ratio of said divider circuit is distributed for the
period of N theldsivd fSmghehcw e tmits ariupdlthe?2esdnpneropbentr,i and the
transforner-driving circuit in accordance with claim20 , further

conpri si ng atebeoisi mot cturned éH£. averagi ng the out put data of said A/ID
converter for the period of N cycles of said drive pul se signal and for
out putting the resiihe opegaitdomsr of theétdgiving culmiidnofi thei embodiment

8 will be described below by referring to FIGS. 37 and 38.
At time tO to time t1, a drive pulse signal having an average

| frequency fA is output by frequency division ratio distfibution;‘
when the average output voltage at the point A of FIG. 37 has
been obtained, the voltages at time t0 to time tl afe generally
'smobthened, and the voltage at the point A is obtained at the
timing shown in (c) of FIG. 38 as the output voltage V1pf of the
smoothing circuit 207. In FIG., 38, as a digital valué example
of the output signal V1ipf of the smoothingvcircuit 207, the
voltage at the point A is set at 40. Ideally, it is best to carry
out the average processing betweén time t0 and time tl at the
smoothing circuitA207; however, since a circuit delay for
determining the next drive frequency occurs at time tl1l, the
frequency division ratio distribution cycle of the drive pulse
signal is slightly shifted from the smoothing cycle.

When it is assumed that the reference data Vref to be



- 181 24. A piezoelectric transfornmer-driving circuit, wherein the output
vol tage thereof is changed by changing the . frequency of a drive pul se
signal .to control the current flow ng thaodgh a col d cat hode tube,
conprising: a current detection circuit for detecting a load current , a
rectifying circuit for converting a sine wave |ike voltage obtained from
said current detection circuit into a DC voltage, an A/D converter for
converting the rectified voltage shgnal into a digital signal; an error

vol t age cal cRHRRIIRA &ior Eheterxar Noltpgeyealcuketton 4688l pdOReandt he v
output data of said A/D converter and reference data supplied externally by
a constant ditpt otheeeeffiatenheof cthe tmaktiplber daR8B bs pbakthiet @Eresn
“circuit for holding the output data of sai.d A/D converter for a
pr edet er m nePheagedverd 19r6Qohpal?hg-t 4@) oas pshowatin Wdh ¢f cBIGus38at a
to detect the resonance point of said piezoelectric transformer, a
frequency scfhergfereculn the foedwencyisetting direuib 202, ptkeiaverage
frequency setting data and for outputting the result, a selector for
sel ecti ng t hereaueney glvdsilenfratieefthedrivg miksasignal tiscinecegmented
setting data at the &%evious N-th tinme and for outputting the selected data
as the frequeic§0/N.-(@82= SEkatmiputdion svod®i)d @nidv&hpufrequpyedl beromgsda
pi ezoel ectric transformer, a divider circuit for dividing a clock having a
pr edet er m ne@rivediraayenty £Birdglehdcis diowesi thar dihe pgeydeuisnfreaueney.
out put data of said selector to generate said drive pul se '
at time tl to time t2, and the average output voltage at the point
B of FIG. 37 is obtained. Since the voltage at the point B of
FIG. 37 is lower than the target voltage (having the same meaning
as the reference data Vref supplied to the error voltage
calculation circuit 208), data (positive data) for increasing
the frequency division ratio is output to lower the drive
B frequency from the error voltage calculation circuit 208. This
operation continues until the output voltage Vlipf of the
smoothing circuit 207 becomes smaller than the output voltage
Vdly of the delay circuit 213A. When the drive frequency changes
to £D at time t3 to time t4, the output voltage V1pf (65) of the
smoothing circuit 207 for this period becomes smaller than the
output voltage ley (75) of the delay circuit 213A, and the output
voltage Vemp of the comparison circuit 213B shifts to the H (high)
level.
The output of the T flip-flop circuit 213C is inverted
at the rising edges from the I. (low) level to the H (high) level

of the output voltage Vemp of the comparison circuit 213B,



signal of said piezoelectric transformer, and a power transistor for
driving said piezoelectric transforner. 25 A piezoelectric
transformer-driving circuit in accordancdOfith claim24, wherein the
frequency division ratio of said divider circuit is distributed for the
period of N cycles of said drive pulse signal. 26. A piezoelectric
transforner-drivi ng ci rcuit I n accordance with claim24 ( further

th t t f ‘
comver er r aeRby b, fu Bt %mﬁ%ﬁc%%%.”ﬁf e DA %‘ﬁimieﬁ& ?-iv;
tputt th .t | t

i epoel ectri b5 s EFem Fof iy (eeraut £98h G e Bl | feem uing
wh th t dat f k det.ecti t ]
ontpot |dars B e SR SR, e%’e%a%i%é' PR RS S 1 P LRSS
wh th b t I f th t put dat f d | t
onlcul ati on EnéEoi Ry e .@%s%%r%rv? 5398 Voetaned Airel Crake, vartage
set when the Ol%%‘ﬁoé dat a of egzr D converter is smaller than said
ref erence da'f% TPI0eR AR St 1AL T Rt b 207 -ouEeB Taafar orthe,dginep

t I t -d t, wh th
oot put  voit & ecm%;ez°%f;fie%;%g&%ﬂiighgﬁémé%'ﬁg%féécﬁ‘ff'na;nzﬁ TP, bme
pul se s! ghal .o co ?ﬁ t he current flav& g throu&kﬂl a cold cat hode tube,
conprising: & Clﬁ!}% MR BTLAVEFRLE; T1¥F TReTeeray £E4 aa4 EBPrEﬁ?ragﬁ

vol t age detectjon CII‘CUIt fqor detecting the output volta of said
pi ezogl ect I’I% JH;) Bs e a tge point of 1=‘IéJ %U7 can be %%taine Since

the voltage at the point E is higher than the Qoltage at the point
D, the output voltage Vcmp of the coinparison circuit 213B retu:rfns
from the H (high) level to the L (low) level; however, the output
of the T flip-flop circuit 13C remains unchanged. As 'a result,
the error voltage Verr having an inverted sign is continuously
input to the frequency setting circuit 209, and the drive
frequency shifts to the higher frequency side, whereby the
~average output voltage at point F is obtained. This operation
continues until the output voltage V1pf of the smoothing circuit
207 becomes smaller than the output voltage Vdly of the delay
clrcuit 213A and untii the output voltage Vcmp of the comparison
circuit 213B is switched from the L (low) level to the H (high)
- level. In the example shown in FIG. 37, when the drive frequency
shifts to £fF, the voltage becomes smaller than the previoué
voltage at the point E; therefore, the direction of control is
changed again, and the drive frequency changes to the low

frequency side.
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arectifying circuit for detecting the sine wave |ike voltage obtained from
said current detection circuit or the sine wave |ike voltage obtained from
said voltage detection circuit; whichevedObarger; and for converting the
voltage into a DC voltage, a turning-off circuit for periodically turning
of f - the output of said voltage detection circuit for a predeterm ned"
period, an A/ D converter for converting the rectified voltage signal into a

digital signal, a Lighti ng detection circuit for detecting. the outq?ut
vol tage of said A/ BScORFEFLRPAAPMR ERRmidnSaigcudt fhfhsremRedinent| s

on and for fudging the Ii%ztivng of said cold cathode - 184 tube, an
error vol t age Isaconfdgused spchhatreremahe GrjvegtraguanrreFRAEEs Reyond

bet ween the output data of said A/D converter and reference data supplied
external |y bthe xesrhante [ink ofuithet Piggoehecteiq transEprperdadh, the
selector for_selecting said reference data at_ the tine of _lighting or said
reference dadiregtion ef nheffseguengyiccoptrobitbritsrhiched R¥| thecredhta, a
frequency setting circuit for setting an initial frequency at the tine of
start and fofeteetier seircelt Fl3and the prdaplityi dn¥errdqnerdycudtt 2hd-
data and outputting the result at the next tine and thereafter, a divider
circuit for HReTeFoEea ¥ dhie WELVAGIachEEHLE 0 Fithal embhagiment & gven if
frequency division ratio_depending on the output data of said frequenc
setting circHie kaFrasdin¥ritageats nat sttpined at fhe r6F°§§P€|erR%1z‘b*el°@cFK?c
transforner, and a power transistor for driving said piezoelectric

t r ansf or ner , PiggpelectRicrixapmirmmer oving te ithe furpccttdimpPoyersaraply
pi ezoel ectric transformer is held constant at the tinme Wen said

turni ng- of f ¥PLERge axstBe 1ike. Ahgi ebranitfepe ot hecomesprarniraslebiei ¢
in accordance with claim28, further conprising a distribution circuit for

distributi n_ga’t‘ﬂetlf‘? RRIRYe o‘?'ﬁ%’f‘bﬁ’ qu.;(q Vi d.dthe-_ f§§‘°6‘ia\?i°&ep°.é'?‘i‘:cﬁ?’(‘

e e B e SR eB R o et 37 R RIS SRS B ene
embodiment 8, the tube is not turned off even if the powér supply
voltage lowers, whereby a stable lighting state can be obtained;
therefore, unlike conventional circuits, it is not neceséary‘to
use a pre-transformer or a piezoelectric transformer having an
extra margin for the power supply voltage, whereby it is possible
to reduce cost and to save space for parts.

'In addition, in the embodiment 8 of the present invention,
even if the target voltage is not attained at the resonance point
of the piezoélectric transformer owing to the drop of the power
supply voltage or the like, the circuit does not become
uncontrollable, the average output voltage around the resonance
point can be obtained, and a stable lighting state can also be
obtained. Therefore, unlike conventional circuits, it is not

necessary to use a pre-transformer or a piezoelectric



30. A piezoelectric transfornmer-driving circuit in accordance with claim 28
, further conprising a snoothing circuit for averaging the output data of
said A/D converter for the period of N cy8es of said drive pul se signal
and for outputting the result, to said error voltage calculation circuit.
31. A piezoelectric transfornmer-driving circuit in accordance with claim 30
, Wherein the, output of said snoothing circuit is held constant when said

turning-off circuit is on in order to set. the frequency of the drjve pul se
signal out pUtTATSRA e B Wer, suppdNetefaas.

VIngeRn gxtna margiu£ay the po
transforner-drivin ircuit, erein the output voltage thereof is changed
by anat o Tharene A £ possR18 £y Feaaicect bt hafi%te, S5n Fros FORAT R

flowing thro a cold cathode tube, conprising: a current detection
circuit for %gﬁéRﬂéimF%Fl 28 current, a rectifying circuit for detecting

t he sine wave |ike voltage obtained fromsaid current. detection circuit and

for converting the th'a%e Rifzpel et RS (tipRsE &ingpit in

converting the rectifie voltabge - 186 sianal into a digital signal, a

d
lighting det2%FPLIPREE AR (SIOQENENT fy AfhEheuPREEEHS| iRyengionavilhy e

converter an for%#udgin t he Iiéﬁ%i ng of said cold cathode tube, an error
vol tage cal cOPSEFHredi r it tths Amyind ST ith @ Ty tvee SIRAAIMARE 1fot \een t he

out put data co vertﬁr and reference data sug:gl ied externally by

a const ant aﬁ%egéﬁf%éxéiﬁp TRRFHRTPRELATIYS R¥F M LARADLE T PRBERR Y set ti ng

g, s SFebteEnd it L el L SN B bR sShATY $A0eLS8 1o

out putt | ng tgf*'\o;r)gss.g t aftIé.h%Qnie.é ta E)ilg%kagfaépaenrt es?lfotweirrig the piezoelectric
transformer-driving circuit of the embodiment 9. ‘In FIG. 39,
the components having the same functions and configurations'as
tﬁbse of the above-mentioned embodiments are designafedfby the
same numefals, and theif explanations are omitted.

In FIG. 39, a second peak detection circuit 215 has a
function for holding the output voltage V1pf of a smoothing
circuit 207 for a predetermined period, and detects the resonance -
point of a piezoelectric transformer 201 by comparing the ‘ou>tput
vpltage of the smoothing'circuit 207 at that time with the held
voltage. A concretecircuit example of the second peak detection
circuit 215 is shown in FIG. 40. As shown in FIG. 40, the peak
detection circuit 215 hds a delay circuit 215A and a comparison
circuit 215B. The configuration of this peak detection.circuit
.215 is identical to that of the peak detection circuit 213 of
the above-mentioned embodiment 8 shown in FIG. 36 except that

the T flip-flop circuit 213C is eliminated therefrom.



a divider circuit for dividing a clock having a predeterm ned frequency at
a frequency division ratio depending on the output data of said frequency
"setting circuit to generate said drive pubse signal of said piezoelectric
transforner, an output enable circuit for controlling the output of said
drive pul se signal output fromsaid divider circuit, a power transistor for
driving said piezoelectric transforner, and a restart processing circuit
t hat di sables said output enable circuit if said lighting detection circuit
does not judge thainl kbt pagki detetdiinndcivenitf2Es @f prlesesmbvod imehtper, od
has passed and sets the frequency setting data output fromsaid frequency
setting circihe dalash dinauidti F¥Suleleyd cchEerstoohh valfageipf by the
processing. 33. A piezoelectric transformer-driving circuit in accordance
wi th cl ai m 3Eried ofepne mynlies pfigtlze \sndatiecdeleghikse silonal ahdrowtaiend i ng
t he output voltage of said piezoelectric transformer, and a turning-off
circuit for ymktags ddly: twhen thefdutiet owdhageofVipe bf/ otlieganatetenig on
circuit for .a predeternined period, wherein said rectifying circuit detects
t he sine wavslydwdet 2007t by emaitleimetiahr tihe saithutuvobhagdel &Ly icthirdalidy or
the sine wave |like voltage obtained fromsaid voltage detection circuit,
whi chever | airguit @ibdy.t $heheomplardgen ctioccaibDQ VBt ogeputsdanai r{esgout -
i ghting detection when said turning-off circuit is on. 34: A piezoelectric
t ransf or ner -ved g amialcui Oni theccthemiindy wheal ahe 32tpubeveltagaivilpf
restart processing circuit stops outputting if said lighting detection
circuit doewfhdihe sngetbhng cighning20% id tlanged than thenoutpttrtoltage
processing is perforned a preset nunber of tinmes. 35. A piezoelectric
t ransf or mer -\ Wiy the delay relmewktia2ics withe danipardizon wiirenit sziss
restart circuit conprises a first counter circuit for carrying out counting
in a predet QW§RRES apdi €lowbAesywl shymal ¢ héoerereriiye ¢campastisoai clircuit
frequency setting circuit to an initial value when the counter

215B of the embodiment 9 is configured to be reset and to output

~an L (low) level signal when the output voltage lef of the
smoothing c:chuit 207 is larger than thé reference data Vref and
when the power is turned on; in this respect, its configuration
differs from that of the peak detection circuit 213 of the
above-mentioned embodiment 8.
In the embodiment 9, a second delay circuit 216 holds
. two—cycle—prev;ous frequency setting data Ffreq. A selector
- 217 switches between the output data of a frequency setting
clrcuit 209 and the output data of the second delay circuit 215
depending on the output signal Vpkdet of the second peak
detection circuit 215, and outputs it. The selector 217 is
cqnfigured to output the data of the second delay circuit 216
when the output signal Vpkdet of the second peak detection

circuit 215 has the H (high)_ level, or, on the other hand, to



- iss value thereof reaches a predeterm ned value and for outputting a
reset signal for disabling said output enable circuit, and a second counter
circuit for counting the reset signal oufip@t- fromsaid counter circuit, for
di sabling said output enable circuit . when the counter val ue thereof
reaches a predeterm ned value, and for stopping counting the counter val ue.

36. A piezoelectric transfornmer-driving circuit, wherein the output voltage

t hereof is changed hy changing the frequency of a drive pulse signal to
control the Q:‘%ﬁ?qb%tt% &Htrli’g‘tt %P(‘}@gﬁ'fé‘e@opé he Hberaueney ohbingieiroudt
current detection circuit for detecting a | oad current, a voltage detection
circuit for 4R} é’t‘}ﬁ%gﬂt%élﬂiﬁ%ts*@@agﬁ%fﬂ}%é dil®#ell&te} ¢ transforner,
arectifying circuit for detecting the sine wave |ike voltage obtained from
said current detectPothe eabodigentnhd sithe piher crafignraddosst anded from
said voltage detection circuit ; whichever larger, and for converting the
vol t age i nt PREARLING dderept ana syhstantiiaddyt ther spuei agi thrse efirtheg
of f the output of said voltage detection circuit for a predeterm ned
period, an ARPEoHRItignedrenaidment e tshowredn FI& @4 ¢ afdesi gnal into a
digital signal, an error voltage calculation circuit for nmultiplying the
-189 di f f er évt@zepteciquaansformanmdrissing sirsnily Afpthencwbediment 9
reference data supplied externally by a constant and for outputting the
result as erh@¥ the Sane feffrrh@s sH1at Rf cihe miezanlestixiag an initial
frequency at the tine of _start and for adding said error data to the

previ ous fr ERMREPIIAY 1 Ml GRS e bk oft the@hore rrentioned: embodiment e

and thereafter, _.a divider circuit for _dividing a clock having a
8. However, in the piezoelectric transformer-driving circuit

.of the embodiment's, the direction of control is shifted from
the low frequency side to the high frequency side when the drive
frequency shifts beyond the resonance point of the p:l.ezc:>electric
transformer 201; on the other hand, in the driving circuit of
the embodiment 9, when the drive frequency shifts beyond the
resonance point, ‘control 'is carried out to perform operation for
returning the drive frequency to the two-cycle-previous drive
frequency. By carrying out control in this way, in the
embodimgnt 9, the operation is prevented from becoming
uncontrollable when the drive frequency shifts beyond the
resonance point.

The operations of the second‘peak detection circuit 215, the
second delay circuit 216 and the selector 217 of the embodiment
9, and the actions and effects on the overall control of the
plezoelectric transformer will be described below.

FIG. 41 is a graph illustrating the operations of the



predeterm ned frequency at a frequency division ratio depending on the

out put data of said frequency setting circuit to generate the drive pul se
~signal of said piezoelectric transfornmerll@n output, enable circuit for
controlling the output of said drive pul se signal output fromsaid divider
circuit, an abnormality detection circuit for detecting the output voltage
A of said A/D converter when said turning-off circuit is on or for
detecting the output voltage B of said A/D converter when said turning-off
circuit is SECORY REGKCORGROL PAGFLikadilRg FRACTSEARA ARVt HHESTHHY

reset signal used to switch the frequency data of said frequency setting
circuit to SRdtheiselaciaglesidythecasevbartthievatiageatofheRPIPaNcbl e
said output enable circuit when-said output voltage 8 is less than a
oredet er i n@PHTLY OF 5hE PLZRSLAGETHG TRADSATNAT d0dbiE ERALIPE ThaB e
out putting when the. output voltage Ais |less than said predeterm ned |evel
and the out fRTI&HMAFEAS P¥iRG: tPedber ARAPSAF dtR® RIS rFHRRLY Kttaggd

- 190 a power transistor for driving said piezoelectric transforner . 37.
A pi ezoel ectfri& #Rak% ot Hring wayetor® diagramjddustratingthp RPexa tigps

t hereof is changed by changi ng the frequency of a drive pulse signal to
control the ¥urtshtovahJriiriggirresty ehithaientpsiimensip?i sing: a
current detection circuit for detecting a load current , a rectifying
"circuit for conver #Sn§heHB dPnEIRavd2l.i scidilakdenoBeeirsd Aty dies frdve
current detection circuit into a DC voltage, an A/D converter for
convert i ng~tiREFIRAGY 1A RESIeRTe tsimmat0 3G &l diaRd dihesiarprade roekpw:
voltage calculation circuit for nulti%£§r1 the difference data between the

output dat a YE2H% AW FhoRAdMter & efdnd& aRtal8GPpl i BB EBiR RSy by
R AT IR AE A S INCEERI RETN R

setting cirqyytefor addindsthe QUi R 43l a, un in (c) of FIG. 42 from the

| smoothing circuit 207. |

In (c) of FIG. 42, the voltage at the point A is set at

40 as an example of the smooth voltage value. If this voltage

Vlpf is smaller than the reference data Vref supplied to an error

voltage calculation circuit 208, the error voltage Verr becomes

a positive value, andloperation is carried out in the direction

wherein the frequency division ratio of the drive pulse signal

increases. As a result, the drive frequency becomes fB, which

is lower than the previous value, at time tl‘to time t2, and the

average output voltage at the point B of FIG. 41 is obtained.

Hereafter, the operation in the case‘when the output voltage V1pf

of the smoothing circuit 207 is larger than the previous voltage

Vdly is the same as i:hat of the above-mentioned embodiment 8 shown

in FIG. 37.



of said clip circuit to the previous frequency setting data and for
outputting the result as the frequency setting data of said drive pul se
signal of said piezoelectric transfornmer11d divider circuit for dividing a
cl ock having a predeterm ned frequency at a frequency division ratio
depending - 191 on said frequency setting data to generate said drive
pul se signal of said piezoelectric transforner, and a power transistor for
driving said piezoelectric transfornmer. 38. i ezoel ectri.c

transf or ner-dri vi nSJhCelnf ﬁhet &F%"ﬁ ?%‘é‘ﬁ‘&‘éyvﬁlﬁfotcﬁ if’nﬁé?ﬁ’t M E8nbirei ng
a peak detectjon,circuit. for. holdj th ut put a of, said A/ D converter
for a predet‘tejfh‘i d°B§PPBd’°aEn"cF%W§Sn$§r%gwﬂe‘gﬁi{lglﬁl%ﬂ% /P EEHESUS
data to detect -J’Jge rei}son nce intt of .said gi ezoel ectric_transforner, a
peak cont rol SB#EEF (HH3R Ry tovPLEaae YRl the delayorireniporhéA

when said pefk d&%ectiﬁc’)% circuit has detected_said resonance point, and a
status det ectTBRIEFTRWY P9ZHTS GdFenh4nndMeRD theeoutBrE &f thénersPnisPaakeak

control statge or ordinary cqontrol state, wherein the clip value of said
clip circui t&?gegaﬁ?‘&t%ffcd%teﬁgi%nbeﬁ’ﬁmﬁﬁetbﬁt%dthj\%)ué-e&elsaitﬁes?%%%Emr
detection ci it.. 39 i.ezoel ectric transfornmer-driving circuit in
accor dance V\#ﬁ: °at£“%\%€),lgvﬁ’f?r'(ﬂyﬁcl§%ﬁRF%“T’E%’%/QFE@“SPCYI@’% &6 Rplddathe
control is snalle %hfn th%\*t: ‘a‘ﬁ_ t?ﬁ time_of ordipary control. 40: A .

pi ezoel ect ri%e??%és SR SH P hg?tfr cBRE Fhe avebiagdmcat e RPLRE G7is

further conprysi ljghting defection circuit for detecting whether said
col d cat hodeotfﬁﬁggeg-igzpitgeiT\ga{%t fe before lighting or after |ighting,

sherein said o1 1p v shosthcld Rl L e PSR gepending o0 0e
st orrer g gl ob D PRLOLIS S R B d LR Bepal et
orror 98 LU CAB SR GO OL OB, PG LRR 4 Gl B SSEELLY®
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resonance point of the piezoelectric transformer 201. If the

power supply voltage recovers for some reason and increases
hereafter, the step-up ratio rises at an electromagnetic
transformer 202. Therefore, the overall step-up ratio of the
‘frequency charaqteristic of the electromagnetic transformer 202
rises.

FIG. 43 is a frequency characteristic curve showing an
example wherein the overall step-up ratio of the electromagnetic
transformer 202 rises. 1In the case of the example shown in FIG.
43, since the voltage at the point C or the point D is 1argér

 than the target voltage, the output of the comparison circuit
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iO@I@lO@I@ through the cold cathode tube 203 and by carrying out feedback
control so that the tube current becomes a desired current value.
| On the other hand, in the start control, control is carried
out so that the voltage required for lighting at the time of start
is applied to cold cathode tube 203. Since the cold cathode tube
203 is not 1lit at the time of start, no tube current flows through ‘
the cold cathode tube 203. Therefore, the sfart control is
carried out by detecting the output voltage of the piezoelectric
transformer 201. To light the cold cathode tube 203,’$.voltage
seve;al times as large as the voltage applied during lighting
is required, and the lighting perfbrmance becomes higher as this
voltage is larger. The lighting performance is a time required
for lighting, and the lighting performance lowers at places
having a lower temperature and deeper darkness. However, if a
large voltage is applied in order to enhance the l:l.ghting
performance, the stress to the piezoelectric.transformer 201
increases conversely, and the transformer is like;j to break.
For this reason, the voltage applied to the cold cathode tube
203 at the time of start is required to be controlled at an optimum
voltage in éonsideration of the lighting performance of the cold -
~cathode tube 203 and' thé stress to the piezoelectric transformer

201. Therefore, in the start control, it is general that the
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| FIG. 45 is a block diagram illustrating the principle of
the driving circuit of the embodiment 10 of the present iﬁvention .
As shown in FIG. 45, the driving circuit of the embodiment 10
has a system wherein the current of the cold cathode tube 203
and the output voltage of the piezoelectric transformer 201 are
detected in accordance with the time-division method by one A/D
converter 206, and both the start control and the lighting
control are carried out by usieg basically the same circuit.
The characteristics of the driving circuit of the
_embodiment 10 will be described below by referring to FI‘G. 45.
In FIG. 45, a current detection cireuit 204 detects the
current flowing through the cold cathode tube 203. A voltage
detection circuit 219 detects the output voltage of the

piezoelectric transformer 201 and converts the voltage into a

voltage capable of bein'g input to the A/D converter 206. The
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value detection circuit that outputs the output voltage of the
voltage detection circuit 219 or the output voltage of the
current detection circuit 204, whichever larger, and has a
rectifying function. A lighting detection circuit 221 detects
lighting depending on the outpqt voltage of the A/D donverter
206 and the current detection pulse signal Tt.

Next, the operation principle of each block shown in FIG.
45 will be described by referring to FIG. 46. FIG. 46 is a
waveform»diagram showing the operation timing of thé driving
circuit of the embodiment 10. FIG. 46 is a timing waveform
diagram in the range from start to lighting.

(a) of FIG. 46 shows a drive pulse signal; drive is carried
out at frequency A from time t0 to t2; drive is carried out at
frequency B from time t2 to t4; drive is carried out at ffequency
C from time t4 to t6; and drivé is carried out at frequency D
from time t6 to t8. (b) of FIG. 46 shows the output voltage
waveform of the piezoelectric transformer 201, and shows a state
wherein the output voltage increases gradually depending on the
‘drive ffequency. (c) of FIG. 46 shows thé current detection
pulse signal Tt; when the signal is at the L (low) level, the
output voltage of the piezoelectric transformer 201 is output;

when the signal is at the H (high) level, a disable state is
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(e) of FIG. 46 shows the output voltage of the current
detection circuit 219, and shows a state wherein no current flows
through the cold cathode tube 203 because the tube is not 1lit
at the time of start. (£f) of FIG. 46 is a waveform diagram of
‘the output of the maximum value detection circuit, that is, the
peak hold circuit 251. When no current flows through the cold
cathode tube 203 (at time t0 to time t7), only the output voltage
of the voltage detectlion circuit 219 is rectified.and output.

Since the driving circuit of the embodiment 10 is
configured as described above, the signal output froﬁ the peak
hold circuit 251 at the time when the current detection pulse
signal Tt has the "H" level is limited to the output signal of
the current detection circuit 204. Thilis makes it possible to

carry out the lighting detection of the cold cathode tube 203

described later.

On the other hand, as detection data used for control,

it is necessary to use a period during'which effective data is

output, while the current detection pulse signal Tt has the "L"

level. Therefore, it has been set that thé voltage detection

signal is output at the time of start and the current detection

i : signal is output at the time of lighting és the detection data

for this "L" period. I

In order to perform settihg as described above, the
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& () - TTUHUWenBBdNreA® 10&h138% the characteristic of the piezoelectric
transformer 201 wherein its step-up ratio changes depending'on
the magnitude of a load as described below.

Generally, the piezoelectric transformer 201 has a
characteristic wherein its step-up ratio lowers significantly
| when the load increases. (b) of FIG. 46 shows the output voltage
of tﬁe piezoelectric transformer 201. When a current begins to
flow through the cold cathode tube 203 around time t7, the load
to the plezoelectric transformer 201 increases; therefore, the
output voltage of the plezoelectric transformer 201 lowers even
if the drive frequency is constant. For this reason, when the
- detection voltage level of the current detection circﬁit 204 is
- set higher than the detection vbltage level of the voltage
detection circuit 219, the output voltage of the peak hold
‘circuit 251 while the current detéction pulse signal Tt is at
the "L" level becomes the detection voltage for the output
voltage of the piezoelectric transformer 201 at the time of
‘start; and the output voltage becomes the detection‘&bltage for
the tube current flowing through the cold cathode tube 203 at
the time of lighting. Therefore, in the driving circuit of the
embodimeht 10, by using only one A/D converter 206, it is possible
to control the outpﬁt voltage of the piezoelectric transformer
201 at the time of start, and to control the current flowing
through the cold cathode tube 203 at the time of lighting.

In the drive control of the above-mentioned cold cathode
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tube 203, in order to shift start control to lighting control,
it is necessary to have a means for actually detecting the
lighting state. Such a means for detecting the lighting state
can be attained by monitoring the output of the peak hold circuit
251 used as the rqaximum value detection circuit when the current
detection pulse signai Tt has the "H" level. This is because,
when no current flows through the cold cathode tube 203, the
output of the peak hold circuit 251 1s fixed at the "L" level
while the current detection pulse signal Tt has the "H" levei,
‘and when the tube current flows, the voltage corresponding to
the amount of the current is output from the peak'hold circuit
251. (g) of FIG. 46 shows a lighting detection signél 6utput
-from the lighting detection circuit 21.

In the waveform diagram shown in FIG. 46, an example
wherein the lighting detection is carried out at thé falling
edges of the cufrent detection pulse signal (c¢) is shown; hoWever',
the lighting detection may be carried out at any time for the
period during which the current detection pulse signél Tt has
the "H" level.

Next, the concrete operations of the driving circuit of
the embodiment 10 will be described below.

In FIG. 44, a block diagram showing the configuration of the
embodiment 10 of the present invention, the frequéncy division
ratio distribution cycle pulse signal of the drive pﬁlse signal

is input to a timing pulse generation circuit 218, and the circuit
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of the output signals, such as the frequency division ratio
distribution cycle pulse signal (a), the cycle signal Ts (b) and
the current detection pulse signal (c). The timing pulse
generation circuit 218 outputs the cycle signal Ts shown in (b)
of FIG. 47 as a first output pulse signal. The cycle signal Ts
is repeated in the two-cycle units of the input pulse signal;
the signal has the "H" level for the period of a first cycle and
has the "L" level for the period of the next cycle. Furthermore,
the timing 'vpuls‘e generation circuit 218 outputs the current
detection pulse signal Tt, fhat is, the cycle signal shown in
f(c) of FIG. 47, as a second output pulse signal. This current
detection pulse signal Tt is a cycle signal that becomes the "H"
levei for a predetermined period wherein the above-mentioned.
cycle signal Ts has the "L" level.

The voltage detection circuit 219 converts the output
voltage of the piezoelectric transformer 201 into a voltage that
éan be input to the A/D converter 206. The voltage detection
circuit 21‘9 is configured to nullify voltage output (0 V output)
when the current detection pulse signal Tt output from the timing
pulse generation circuit 218 has the "H" level. More
specifically, as shown in FIG. 44, the voltage detection circuit
219 divides the output voltage of the piezoelectric transformer

201 by using two resistors 2192 and 219B to lower the voltage
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by the current detector 204 and rect:Lfies it. This peak hold
circuit 251 corresponds to the maximum value detection cir_cuit '
, shown in FIG. 45. The peak hold circuit 251 comprises a capacitor
251A, a resistor 251B and two diodes 251C and 251D. The peak
hold circuit 251 carries out substantic';tlly the same operation
as that of the rectifying circuit 205 of the above-méntioned
embodiment 6 shown in FIG. 24. However, this clrcult differs
from the rectifying circuit 205 of the embodiment 6 in that the
output voltage of the current detection circuit 204 is input from
the diode 251C of the embodiment 10, that the output voltage of
the voltage detection circuit 219 is input from the diode 251D,
and that the higher voltage is peak-held.
A second smoothing circuit 271 smoothes the output iroltage
Vad of the A/D converter 206 by average procéssing only while
‘the cycle pulse signal Ts output from the timing pulse generation
Acircuit 218 has the "H" level. As shown in (e) of FIG. 47, the
second smoothing circuit 271 outputs a smooth voltage V1pf in
synchronization with the master clock immediately after the
falling edges of the cycle signal Ts. The operation of this

second smoothing circuit 271 differs from that of the smoothing
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| substantially the same in other points.

The lighting detection circuit 221 judges as to lighting
or non-lighting on the basis of the output voltage of the A/D
converter 206 while the current detection pulse signal Tt output
from the timing pﬁlse generationicircuit 218 has the "H" level.
In other words, the lighting detection circuit 221 outputs a
lighting detection signal Vstate: bthe circuit oufputs an "L"
level signal at the time of non-lighting, and outputs an "H" level
signal when it judges that the tube is 1it.

A selector 222 carries out switching between the referehce
data Vref (target voltage) at the time of lighting and the
reference data Vopen (target voltage) at ’the time of start
provided externally, and outputs the data to the error voltage
calculation cifcuit 208. The selector 222 outputs the reference
datalVopen when the lighting detection signal Vstate has the "L"
level, and, on the other hand, outputs Vref when the signal has
the "H" 1eve1.

When the start signal supplied externally has the "L"
level, a second frequency setting circuit 291 outputs
predetermined initial frequency division ratio data; when the
signal.has the "H" level, data on the basis of the error voltage

Verr output from the error voltage calculation circuit 208 is

added to the previous freqﬁency setting dai:a Fprev and then
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outpuf_. This second frequency setting circuit 291 is configured
to carry out output in synchronization\with the master clock
,immediately after the rising edges of the cycle signal Ts. The
.second frequency'setting circuit 291 differs from the f.fequency
setting circuit 209 of the above-mentioned embodiment shown in
FIG. 24 in the data output cycle and in that the circuit 291 is
provided with a function for outputting the initial frequency
division ratio data by using the selector 291C, and they are the
same in the other configurations. |

Invan output enable circuit 223, its output' :I.s set at a
disable state when the start signal has the "L" level when the
signal has the "H" 1eve1 the circuit outputs the drive pulses
signal. ‘
In the p‘iezoelectric transformer-driving circuit of the
embodiment 10, the configuratidns and operations other than
those described above are the s&ne as those of the above-
me_ntioned embodiment 6, and their explanations are omitted.

The piezoelectric ‘transformer-driving circuilt of the
embodﬁnent 10 is configured so that the output voltage of the
piezoelectric transformer 201 and the tube current flowing
through the cold cathode tube 203 can be detegted in accordance
with the time-division method by using one A/D converter 206,
whereby start control before 1lighting and lighting detection can
be carried out, .and start control can be shifted smoothly to

ordinary control after lighting.
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First, the start control at the time of start will be described.
When the start signal has the "L" level, the second
frequency setting circuit 291 outputs predetermined initial
frequency division ratio data. The drive frequency depending’
on this initial frequency division ratio data has been set at
a frequency sufficiently higher than the resonance frequency of
the piezoelectric transformer 201, thereby preventing a large
- output voltage from occurring abruptly. In addition, when the
start signal has the "L" level, the output enable circuit 223
is at a disable state; although a drive pulse 's:I.gnal having an
initial frequency has been obtained inside the output enable
circuit 223, the signal is not output to a power transistor 220,
thereby being in a standby state. When the start signal shifts
to the "H" level, the drive pulse signal is output from the output
enable circuit 223, and an output voltage is obtained from the
plezoelectric transformer 201. The above operations will be
described by referring to FIG. 48. FIG. 48 is a waveform diagram
showing the operation timing of each signal in the driving
circuit.
(a) of FIG. 48 shows a voltage waveform resistor-divided
by the two resistors 219A and 219B of the voltage detection
/
circuit 219. While the voltage detection pulse signal Tt shown

in (b) of FIG. 48 has the "H" level, the transistor 219C becomes
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off the output voltage detection of the pliezoelectric
_transformer 201 while the voltage detection pulse signal Tt has
the "H" level, to input only the output voltage of the current
detection circuit 204 to the A/D converter 206, and to judge as
to whether the cold cathode tube 203 is in the lighting state
or in the non-lighting state. In other words, when the cold
cathode tube 203 is not 1lit, no tube current flows; therefore,
the output voltage of fhe current detection circuit 204 becomes
0 V. On the other hand, when the cold cathode tube 203 is 1lit,
the tube current flows, and a voltage is detected by the current
detection circuit 204. In this way, by monitoring the output
voltage of the A/D converter 206 while the voltage detection
‘pulse signal Tt has the "H" level, it is possible to judge as
to whether the cold cathode tube 203 is 1lit or not.
(d) of FIG. 48 shows the output voltage of the peak hold
circuit 251. - Since the output of the current detection circuit
v 204 is 0 V, the voltage A at time t0 to tl is a voltage obtained
by peak-holding the output voltage of the voltage detection
vcircuit 219. Even at time tl1 to t2, the cold cathode tube 203
is not 1lit; therefore, while the current detection pulse signal
Tt for this period has the "H" level, the output voltage of the
peak-hold circuit 251 becomes OV. In addition, the second

smoothing circuit 271 smoothes the voltage A at time tO0 to tl,
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immediately after the falling edges of the cycle signal Ts.
Therefore, the smooth data V1pf is output as a smooth output
voltage in the timing shown in (g) of FIG. 48.

When the cold cathode tube 203 is not 1it, the error
voltage calculation circuit 208 outputs the difference data
between the reference data Vopen at the time of start and the
smooth voltage V1pf as an error voltage Verr. Then, in the second
frequenéy setting circuit 291, the data based on the error
voltage Verr is added to the previous frequency data Fprev,
thereby determining the next drive frequency. The basic
operation of this second frequency setting circuit 291 and the
operation of the frequency division ratio distribution divider
circuit 210 are substantially the same as the operations in the
above-mentioned embodiment 6.

In the embodiment 10, when the cold cathode tube 203 is

~not lit; the smooth voltage V1pf output from the second smoothing

. clrcuit 271 is controlled so as to be equal to the reference data

Vopen at the time of start by the above-mentioned operat-idns;
the operatiohs continue until the cold cathode tube 203 is lit.

| Next, the operation at the time when the cold cathode tube
203 shifts from the non-lighting state to the lighting state will

be described.

FIG. 22 shows a state wherein the output voltage of the
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the voltage obtained by the current detection circuit 204. If
this detection voltage is larger than a predetermined value, the
lighting detéction circuit 221 judges that the tube is 1it, and
shifts the lighting detection signal Vstate from the "L" level
to the "H" level. In the example shown in FIG. 48, lighting
detection is céfried out at the timing of time t7', that is, at
the‘t:l.ming of the falling edges of the voltage detection pulse
signal Tt. |
| In the embodiment 10, any specific threshold value for.
judging the lighting, that is, any criterion voltage, is not
indicated; however, in the condition that the output voltage of
the voltage detection circuit 219 after lighting is sufficiently
smaller than the output voltage of the current detection circuit
204, it should only be a voltage sufficiently larger than 0 V
- in principle and not larger thah the reference data Vdpen. This
.1s because the lighting detection circuit 2_21 operates so that
the voltage input from the A/D converter 206 is equal to the
reference data Vopen at the time of start until the lighting
detection circuit 221 judges that the tube 1s 1it even after the

tube current is flown.

In addition, when the tube current flows, the impedance
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obtained from the voltage detection circuit 219 also lowers
greatly. Therefore, when the cold cathode tube 203 is 1lit, the
setting wherein the output voltage of the voltage detection
circuit 219 is smaller than the output voltage of the current
detectidn circuit 204 can be carried out easily.

When the lighting detection signal from the lighting
detection circuit 221 becomes the "H" level by the above-
mentioned operations, the reference data supplied to the error
voltage calculation circuit 208 is switched to the reference data
Vref used at the time of lighting, and control is carried out
so that the voltage Vref input from the A/D converter 206 becomes
equal to Vref.

After lighting, by setting the voltage output from the
current detection circuit 204 higher than the output voltage of
the voltage detection circuit 219, the start control before
lighting 1s switched to the current control wherein the current

- flowing through the cold cathode tube 203 is controlled. The

- operation after the switching to the current control is the same
as that described in the above-mentioned embodiment 6.

By carrying out switching between the output voltage of
the piezoelectric transformer 201 and the curreht detection of

the tube current flowing through the cold cathode tube 203 in

accordance with the time division method in the embodiment 10
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control are attained, and the smooth 'shifting of the control
switching 1s accomplished.

Furthermore, the driving circuit of fhe embodiment 10 is
-configured so that one control cycle is set at the two frequency
diw}ision ratio distribution cycles each having the same
‘frequency division ratio, wherein the voltage for setting the
next frequency is obtained at the first cycle, and vbltage
detection is turned off and current detection is carried out at
_the second cycle. Because of this configuration, in the
embodiment 10, the above-mentioned time-division control is made
possible by using the circuit configuration having few parts.

B In addition, in the embodiment 10, itvis possible to
individually set the reference data Vopen at the time of start
.and the reference data Vref at the time of lighting; therefore,
in particular, the open voltage (the output voltage of the
- plezoelectric trahéformer 201 befoﬁe lighting) can be set as
desired, whereby tﬁe o’utput voltage of the piezoelectric
transformer 201 can be set as low as péssible while obtaining
-the lowest voltage at which the cold cathode tube 203 is 1it,
and fine setting can be done. |
In the embodiment 10 of the present invention, by carrying

out switching between the output voltage of the piezoelectric
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A/D converter, whereby both the start control and the lighting
control are attained, and the smooth shifting of the control
switching is adcomplished. Furthermore, one control cycle is
set at the two frequency division ratj.o distribution cycles each
having the same frequency division ratio, wherein the voltage
for setting the ne#t frequency is obtained at the first cycle,
and voltage detection is turned off and current detection is

A carried out at the second cycle. Therefore, the above-mentioned
time-division control is made possible by using the circuit
having few parts. 1In addition, it is'possible to individually
setthereferepcedataVopenatthetimeofstartandthereference”
data Vref at the time of lighting; therefore, in particular, the
open voltage can be set as desired, whereby the output voltage
of‘the plezoelectric transformer can be set as low as possible

~ while obtaining the lowest voltage at which the cold cathode tube
3 is 1lit, and fine setting can be car:ied out.
<<Embodiment 113> |

Next, a piezoelectric transformer-dfiving circuit in

accordance with embodiment 11 of the present invention will be

described.

FIG. 49 is a block diagram showing the configuration of
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the same functions and configurations as those of the above-
mentioned embodiments are designated by the same numerals, and
their explanations are omitted.

In the embodiment 10, a start control system suited for
the digitalization of the drivi‘ng clrcuit is proposed, wherein
the lighting performance of the cold cathode tube is improved
while the stress to the piezoelectric transformer at the time
of start is suppressed at the minimum.

in FIG. 49, if lighting is not attained even after a
prédetermined time has passed during the open control at the time
of start, a restart processing circuit 224 stops the output of
the drivé pulse signal once, and perfdrms restart from the
initial frequency. FIG. 50 is a block diagram showing a concrete
exampie of the restart processing circuit 224. In FIG. 50, a
first counter circuit 224A counts the rising edges of the cycle

signal Ts output f£from the timing pulse generation circuit 218.

. At the time of the state before start or the state after lighting,

the first counter circuit 224 A is reset out of synchronization
w:l.th the cycle signal Ts; when the counter value reaches a
predetermined value, the circuit is reset in synchronization
with the cycle signal Ts.

The reset processing of the first counter circuit 224A

is carried out by an AND gate 224E, an inverter 224F and a first
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"10%& () - '1'e81l,=ai@. level signal is output from the AND gate 224E, whereby
the first counter circuit 224A is reset. The first decoder
circuit 224B is configured to output an L level signal when the
counter value of the first counter circuit 224A reaches.the
predetermined value, and to output avn‘H level signal in the other
cases. As described above, when the counter value reaches the
predetermined value of the first decoder circuit 224B, an L level
s:l.ghal is output from the first decoder circuit 224B, whereby

- the output of the AND gate 224G becomes the L level; therefore,

the first counter circuit 224A is reset in synchronization with
the rising edge of the_next cycle signal Ts.

A second counter circuit 224C performs counting when the
| | ~¢ycl¢ signal Ts output from the timing pulse generation circuit
| 218 has the H level and when the output of the first decoder
circuit 224B has the L level. This second counter circuit 224C
1s asynchronously reset in the state be‘fore start or in the state
after lighting. 1In addition, the second counter circuit 224C
is configured to stop counter processing when thé counter value
reaches a predetermined value.

The processihg of stopping the above-mentioned counter
processing is carried out by a second decoder circuit 224D and
an AND gate 224H. In other words, the second decoder circuit

224D outputs an L level sign‘ai when the count value of the second
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of the second counter circuit 224C reaches the predetermined
value, the second decoder circuit 224D outputs an L level signal,
whereby fhe output of the AND gate 224H is fixed at the L level,
and after this, the cycle signal Ts ahd the L level signal from
the first decoder circuit 224B are ignored.

The reset processing of the second counter circuit 224C
is basically the same as the reset processing of the ébove-
méﬁtioned first counter circuit 224A. An AND gate 224J outputs
the 1ogicai AND of the output of the first decoder circuit 224B
and the output of the second decoder circuit 224D.

As described above, the embodiment 11 is provided with
the restart processing circuit 224 comprising the first counter
circuit 224A and the f'irst decoder circuit 224B. Therefore, if
lighting is not attained even if the open control is carried out
fof a predetermined period, the output of the drive pulse signal

is stopped once, and the drive frequency is returned to the

- inltial frequency. Inaddition, if lighting isnot attainedeven

if the above-mentioned restart processing is performed a
predetermined number of times, processing for stopping the start
processing is carried out.

In FIG. 49, an AND gate 225 outputs the logical AND of
the start signal and the output of the resi:art processing circuit

224. When either of the input signals has the L level, the AND
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gate 225 switches the input of the selector 291C to the initial
frequency division ratio and disables the output of the output
enable circuit 223.

Other configurations and operations of the embodiment 11

are substantially the same as those of the driving circuit of
the above-mentioned embodiment 10.
Next, the operation of the restart processing circﬁit in the
driving circuit of the embodiment 11 configured as described
above will be deécribed. FIG. 51 is a timing waveform diagram
illustrating the réstart processing operation in the embodiment
11. InFIG. 51, (b) shows the output voltage of the piezoelectric
transformer 201 at the time of restart processing, and (c) shows
the waveform of the current £lowing through the cold cathode tube
203.

First, the operation of the restart processing will be
described by referring to (b) and (c¢) of FIG. 51.

When the start signal shown in (a) of FIG. 51 rises from the L
(low) level to the H (high) level at time tl, the drive pulse

~ signal is output and the output voltage is obtained from the
plezoelectric transformer 201. After this, the output voltage
rises until it reaches the reference data Vopen, the target
voltage at the time 6f start; if lighting is not attained after
a predetermined time hasvpassed, drive is stopped once at time
t2. This avoids long-time open control to prevent the

plezoelectric transformer 201 from breaking. As described



1 10JJ 13 "10% U& ()-F, 310% U& ()- &10% U& ()- 3 &10% U& ()- 10% U& () - S10%
U& ()-/ny}~?PB4 1 10JJ"10% U& ()-4 "10% U& ()-! y#109%WJU& ()-3!, ' 109JU& () -
"10% U8 ()- F& 10% U& ()-F-a?PB4 1 10JJIh%k  10%&" ()--"10% U& () - +! 10%
U& ()-'M10% U& ()-& "10% U& ()- !c$&10%UpU& ()- NOPQWUV7 1 110%g& () -

previously, in order to light the cold cathode tube 203;, it is}
necessary to apply a large voltage to the cold cathode tube 203.
At this time, since the piezoelectric transformer 201 causes
large vibration, it undergoes stress most significantly.
Therefore , 1f lighting is not attained after a predetermined time
has passed, drive is stopped once to prevent the piezoelectric‘
transformer 201 from breaking. |

Furthermore, in the embodiment 11, the lighting
performance of the cold cathode tube 203 is improved by repeating
the above-mentioned processing. This repeated' processing is
not repeated endlessly; after the processing is carried out a

| predetermined ﬁuinber of times, it is judged that the cold cathode

tube 203 is improper, that a wire short-cii:cui’t has occurred in
a PC board pattern, or the like, and start processing is stopped.
The example shown in FIG. 51 is a waveform diagram at the time
“when the cold cafhode tube 203 is iit by the third start precessing
and when a curﬁent begins to flow after start processing is
carried out two times.

Next, the concrete operation of the restart processing
circuit 224 in the embodiment 11 will be described below. The

- embodiment 11 is explained assuming that the decode value of the

first decoder circuit 224B shown in FIG. '50 is 7, and that the
decode\Value of the second decoder circuif 224D is 3.

First, when the start signal has the L (low) level, the

output of the AND gate 24E has the L (low) level, and the first
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counter circuit 224A and the second counter circuit 224C are
reset, whereby both have a counter value 0. Therefore, both the -
outputs of the first decoder circuit 224B and f:he second decoder
circu:l.i: 224D have the H (high) level, and an H (high) level signal
is output from the AND gate 224J.
Next, when the level of the start signal rises from the
L level to the H level at time tl, the output of the AND gate
225 has the H level; therefore, the output enable circuit 223
becomes enable, and the drive pulse signal ié output. After this,
~the first counter circuilt 22"1.A carries out countinvg in
synchronization with the rising edges of thé cycle signal Ts.v
This counting operation continues until the‘ lightiﬁg detection
signal Vstate becomes the H level. When the count value reaches
7. the output of the first decoder circuit 224B is shifted to
the.L level, and the first counter circuit 224A is reset at the
rising edg}e of the hext cycle signal Ts. This operation is shown
in (£f) and (g) of FIG. 51.
When the output of the first decoder circuit 224B bgcomes
- the L level, the output of the AND gate 224J becomes the L level.
As a result, the output of the AND gate 225 also becqmes the L
level, whereby the frequency data output frqm the second
frequency setting circu_lit 291 is returned to the initial
frequency, and the output enable circﬁit 223 is disabled, thereby

stopping the drive pulse signal.

Next, when the firs_f counter circuit 224A is reset at time
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level, whereby the output of the AND gate 225 also becomes the
H level, thereby outputting the drive pulse signal again. The
above operations continue until the lighting detection signal
Vstate becomes the H level.

Next, the.second counter circuit 224C carries out counting
in synchronization with the falling edges of the output ‘signal
of the first decoder circuit 224B. -In this counting operation,
as shown in (h) of FIG. 51, increment is carried out at the falling
edges of the output signal of the first decoder circuit at Itime
"t2 and time t4. This counfing operation continues until the
count value reaches the decode value preset in the second decoder
circuit 224D, provided that thé lighting detection signal Vstate
does not become the H 1ev}el.b If the counter value of the second
counter circuit 224C becomes 5, the output of the second decoder
circuit 224D becomes the L level, thereby stopping the operation
of the second counter circuit 224C. As a result, the AND gate
2247 is fixed at the L level, and the output enable circuit 223
is disabled, thereby stopping the drive pulse signal.

Once the second counter circuit 224C stops counting, it
continues to stop unt;i.l it is reset at the time when the start

- signal becomes the L l‘evei. . In the example shown in FIG. 51,
.the lighting detection signal Vstate shifts from the L level to
the H level at time t7; therefore, the f£irst counter circuit 224A

and the second counter circuit 224C are reset, and the operation
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is stopped, and the output of the AND gate 224J is fixed at the:
H level.

As described above, in the driving cii‘cuit'of the
embodiment 11, dpen'control is prevented from dontinuing for a _
long time by providing the restart processing circuit 224,
whereby it is possible to prevent the piezoelectrilic transformer
.201 from breaking. In adﬁition, the driving cirquit of the
embodiment 11 repeats the above-mentioned open control operation
several times 1f the cold cathode tube 203 is not 1it by one open

" control opération, whereby the lighting perfdmance of the cold
cathode tube 203 is enhanced.

In the conventional drive system disclosed in the
above-mentioned Japanese published unexamined Patent
Application No. Hei 10-52068, if the output voltage of the
piezoelectriq transformep 201 becomes larger than a

_ predetermined value, thé drive frequency is shifted to the high
frequency side thereby to lower the output voltage once; However,
the drive system of the embodiment 11 of the present‘invention

" is configured so that, when the output voltage of the
piezoelectric transformer 201 becomes the predetermined value,
“the voltage value is held for the predetermined time; therefore,

it is possible to control both the output voltage and the time,
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.improving the lighting performance of the cold cathode tube 203
' while preventing stress to the‘piezoelectric'transformer 201 as

much as possible.

As described above, in the embodiment 11'of the present
invention, by using the restart processing circuit 224, open
| control is preventgd from continuing for a long time, thereby
' preventing the piezoelectfic transformer 201 from breaking; in
addition, even if the cold cathode tube 203 is not 1lit by one
open control operation, the above-mentioned open control is
repeated severai tinies . Thérefore, the lighting performance of
the cold cathode tube 203 is not impaired. Furthermore, the
'embodiment-ll 1s configured so that, when the output voltage of
the pilezoelectric transformer 1 becomes the predetermined value,
the voltage value is held for the predetermined time, whereby
it is possible to control both the output voltage and the time,

, and the number of réstart processing operations can also be
controlled. Therefore, itis possible to obtain the best setting
for improving the lighting performance of the cold cathode tube
203 while preventing stress to the piezoelectric transformer 201

- as much as possible.

<<{Embodiment 12>

Next, a plezoelectric transformer-driving circuit in
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accordance with embodiment 12 of the present invention will be

described.
FIG. 52 is a block diagram showing the configuration of the
piezoelectric transformer-driving circuit of the embodiment 12 _
of the present invention. In FIG. 52, the compo.nents having the
same functions and configurations as those of the above-
mentioned embodiments are designated by the same numerals, and
their explanations are omitted.
A high voltage is output from a piezoelectric transformer
201; therefore, in order to practically use this, sufficient
countermeasures are requi’red to Iprevent device breakage, fires
due to large current and the like. The driving circuit of the
embodiment 12 in accordance with the present invention is a
proposal for improvement suited for digitalization with regpect
to the protection function of the piezoelectric transformer 201.
In the embodiment 12, specifically speaking, a drive sjstem is
proposed wherein, wh.en the ontput of the plezoelectric
transformer 201 becomes open because of the wire breakage or
- short-circuit in a PC board pattern during the.lighting of a cold
cathode tube 203, the breakdown.of the cold cathode tube 203 or
the like, the output is stopp_ed promptly; and restart processing
i1s also proposed to operate in the case wnen the powe:.: supply
voltage ‘drnps momentarily because of instantaneous power

interruption or the like and the cold cathode tube 203 is turned
off.
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output drop because of instantaneous power interruption or the
1ike depending on the output voltage Vad of an A/D converter 206,
a current detection pulse signal Tt output from a timing pulse
generation circuit 218 and a lighting detection signal Vstate,
and outputs é.n abnormal stop signal Voff. The abnormality
detection signal Voff is uéually at the H (high) level, and this
abnormality detection signal Voff becomes the L (low) levelvat
- the time of abnormality. then it is detected that the |
abnormality detection signal Voff has the L (low) level, the
output of an AND gate 225 is shifted‘to the L level, and the output
of an oui:put enable circuit 223 is disabled, thereby stopping
the outpuf‘of the drive pulse signal. At thié time, by shifting
the output of the AND gate 225 to the L level, the frequency data
Ffreq output from a second fréquency setting circuit 291 is .
returned to the initial frequency. |
The other éonfigurations and operations of the driving
- circuit of the embodiment 12 ai‘e substantially the same as those
described- in the above-mentioned embodiment 11.
Next, the abnormality detection method of the abnorma.lity
detection circuit 226 of the embodiment 12 will be described by
referring to the accompanying drawings. | |

The waveform diagram shown in FIG. 54 shows an example

wherein the load of the plezoelectric transformer 201 has become
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between the output of the piezoelectric transformer 201 and the
input of the cold cathode tube 203 or the short-circuit breakdown
of a current detection circuit 204. (a) of FIG. 54 shows the
waveform of the current flowing through the cold cathode tube
203, and (b) shows the output voltage waveform of the
Pliezoelectric transformer 201; and these show that a load open
state has occurred at time t3 because of some cause.

When the load open state has occurred as described above,;
no current flows through the current detection circuit 204 as
shown in (a) of FIG. 54, and the output voltage of the
piezoelectric transformer 201 becomes larger as shown in (b) of
FIG. 54. This condition is the same as that before the cold
cathode tube 203 is 1it; the output voltage Vad of the A/D
converter 206 drops significantly when the current detection
pulse signal Tt has the H (high) level, and becomes substantially
the same level as that in the lighting state by virtue of the
voltage of a voltage detection circuit 219 when the current
detection pulse signal Tt has thé L (low) level.

The waveform diagram shown in FIG. 55 shows an example
wherein the power supply voitage has dropped momentarily because

of instantaneous power ini:erruption. - (a) of FIG. 55 shows the

current waveform of the cold cathode tube 203, and (b) shows the
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The instantaneous power interruption described herein is

a state wherein only the voltage applied to the electromagnetic
transformer 202 drops while the power supply voltage of the

' driving circuit is held. Usually, compact portable video
apparatuses, such as DVC movie apparatuses and the like, have
a2 power supply circuit inside and aré configured so that the
oﬁtput voltage can be held in spite of some instantaneous power
interruption. However, in order to reduce loss in the power
conversion at the backlight, the power supply voltage for driving
the cold cathode tube 203 is directly supplied from an AC adaptor
in many cases. In a portable video apparatus, in the case when
electric power is directly suppliéd via an AC adaptor instead
of abattery, the apparatus is directly affected by instantaneous
power interruption, and power supply stops during the
interruption. In particular, the backlight power sﬁpply of a |
portable video apparatus is configured so that electric power
is supplied directly from an AC adaptdr without passing through
any power supply circuit, in order té prevent efficiency drop

due to use of a power supply circuit. Therefore, the backlight
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some cases. In the electric power for home use, instantaneous
~ power interrﬁption of about several tens of milliseconds may
occur in some cases because of the power supply circumstances
in each home or each regioh, or thunder or the like.

- As described above, in the piezoelectric transformer-
driving circuit, thére are two cases of abnormal states shown
in FIGS. 54 and 55. In both case, stopping should desirably be
carried out promptly at the time of the output open state shown
in FIG. 54; when the instantaneous power interruption shown in
FIG. 55 occurs, it is desired that output is stopped once to 2
prevent the driving circuit from becoming out of control and that
restart should be started promptly after the power supply voltage
i1s restored. Therefore, it is necessary to distinguish the'
ébove—mentioned abnormal states.

In the driving circuit of the embodiment 12 of the present
invention, the two abnormal states ére detected on the basis of
the principle described below.

If the output of the A/D converter 206 lowers significantly while

the current detection pulse signal Tt has the L (low) level, both
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state is judged as instantaneous power interruption.

Next, when the output of the A/D converter 206 lowers
significantly while the current detection’ pulse signal Tt has
the H (high) level, it is supposed that there are two causes,

- that is, instantaneous power interruption and output open state.
If the output of the A/D converter 206 lowers significantly in
the embodiment 12, the two are distinguished depending on the
detection sign‘al vad of the A/D converter 206 at the time when
the next current detection pulse Tt shifts to the L 1¢=;Vel. This

~1is because, in the case of an output open state, the output voltage

‘Vad of the A/D converter 6 1is restorbed when the next current
detéction pulse Tt shifts to the L leve‘J.; hpwe_ver, usually, the
voltage.is not restored in the case of instantaneous power
interruption. Therefore, in the di‘iving circuit of the
embodiment 12, if the detection signal Vad at the time when the
next current detection pulse Tt shifts to thé L level is larger
than a predetermined value, it is judged that an output open state
vhas occurred, and in other caées , it is judgé_d that instantaneous
power interruption has occurred.

FIG. 53 is a block diagram showing a concrete example of
the abnormality detection circuit 226 in accordance with the

embodiment 12.

In FIG. 53, a comparison circuit 226F outputs an H (high) level
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(low) level signal if the input signal is higher A first RS
flip-flop circuit 226A is set to output an H level signal when
the start signal has'thevL level, and is reset at the time of
open state‘detection, thereby outputting an L level signal. An
AND gate 226B’out_:puts an H level signal at the time of open state
detection. A latch circuit 26C latches the output of the
comparis:)n circuit 226F immediately before the falling edges of
the current detection pulse signal Tt and outputs it. An
inverter 226D inverts the polarity of the current detection pulse
signal Tt The latch circuit 226K latches the output of the
comparison circuit 226F only while the current detection pulse
signal has the L level and outputs it. An inverter 226E inverts
the output of the latch circuit 226K. An AND gate 226J outputs.
anL level signal at the time of instantaneous power interruption.
An AND gate 226H outputs the logical AND of the start signal and
the output signal of the first decoder circult 224B in the restart
processing circuit 224. A second RS flip-flop circuilt 226G is
reset at the time of instantaneous power interruption, and
outputs an L level signel: and it outputs an H level signal when
rhe start signal.hae the L level or when the output of the first
decoder circuit 224B in the restart processing circuit 224 has

the L level. An AND gate 226M outputs an L level signal when

an abnormality is detectéd.
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| circuit 226F are used for open state detection; and the second
RS flip-flop circuit 226G, the AND gates 226J and 226H, the latch
circuit 226K and the comparison circuit '2'26F are used to detect
instantaneous péwer interruption.

Next, the operation of the driving circuit of the
embodiment 12 at the time of instantaneous power interruption
will be described.

In the configuration of FIG. 53, when the start signal applied':
to theAabnormal:Lty detection circuit 226 has the L lével, the
output s\ignal of the second RS flip-flop circuit 226G is fixedv
at the H level. Furthémore, at this time, the lighting

detection signal Vstate is set at the L level so that the operation
for ihstantaneous power interruption is not carried out at the
time of start; therefore, the output of the AND gate 226J becomes
the L level, and the second RS f£1ip-flop circuit 226G is not reset.

After the start signal becomes the H level, and shifting
to the lighting state is performed, the output signal of the
second decoder circuit 224B in the restart processing dircuit.

' 224 is fixed at the 'H 1evél. Therefore, the second RS flip-
flop circuit 226G is not set until the start sigvnal becomes the
‘ L level, and the lighting detection signal Vstate becomes the

" H level. Therefore, after the lighting, only the output of the
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higher than the predetermined voltage Voff, an L level signal
is input to the latch circuit 226K via the comparisoh circuit
226F. On the other hand, if the output voltage Vad of the A/D
converfer 206 1s lower than the predetermined voltage Voff, an
H level signal is input to the latch circuit 226K. If the input
has the L level when the current detection pulse signal Tt has
the L level, the latch circuit 226K directly outputs the L level
signal toreset the second RS £1lip-flop circuit 226G. | As aresult,
the output of the AND gate 226M becomes the L level, and the output
operation stops once. At that time, an L level signal is output
to the lighting detection circuit 221, thereby shifting the
lighting detection signal Vstate to the L. level. Therefore, the
restart processing circuit 224 begins to operate; when the first

- decoder circuit 224B becomes the L level, the second RS £flip-flop
circuit 226G is set, and the output of the AND gate 226M becomes
the H level. As a result, the output enable circuit 223 becomes
enable, and driving starts. Since the subsequent operation is'
the same as the restart processing operation in the above-
mentioned embodiment 11, its explanation is omitted.

Next, the open state detection operation in the embodiment 12
will be described.
| When the start signal has the L level, the output of the

first RS flip-flop circuit 226A is fixed at the H level.
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in order to prevent the open state detection operation at the
time of start, whereby the first RS flip-flop circuit 226A is
not reset. | | |

After the start signal becomes the H level, and shifting
to the lighting state is performed, when all the four _inputs of

the AND gate 226B become the H level, it is judged that an open

. state has occurred, whereby the first RS flip-flop circuit 226A

is reset, and an L. level signal is output £rom the AND gate 226M.
As a result, driving is stopped by the output enable circuit 223. 7
The conditions wherein all the four inputs of the AND gate

226B become the H vlevel as described above are based on the logic

-described in the above-mentloned principle.

The first condition is that the output of the latch circuit 2260
has the B level, in other words, that the output’ of the A/D .
converter 206 is smaller than the predetermined voltage Voff
:Lmtﬁediately before the falling edges of the current detection
pulse signal Tt.

The second condition is a period during which the current

detection pulse signal Tt has the L level; in this period, the

Aoutput of the inverter 226D has the H level.

The third condition is that the output Vad of the A/D converter
206 is larger than the predetermined voltage Voff in the second

condition, wherein the output of the inverter 226E becomes the
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The fourth condition 1s that the cold cathode tube is
liéhting, wherein the lighting detection signal Vstate becomes
the H level. |
The piezoelectric transformer-driving circuit of the
embodiment 12 configured as described above is configured to
-promptly stop driving if connéctions around the cold cathode tube
203 are broken during lighting because of some cause, or if the
- output of the plezoelectric transformer 201 becomes an open state
because the cold cathode tube 203 is broken bwing to impacts.
Furthermore, the driving circuit of the embodiment 12 is
configured so that, at the timé of instantaneous power
interruption, outputting operation is stopped once, and restart
begins after a predetermined»time has passed after the stop:
therefore, it is possible to prevent the breakdown'of‘thé
piezoelectric transformer 201 and the breakdown of devices such
as the power transistor 220 and the like owing to an out-of-
control condition due to instantaneous power interruption.
As described above, in accordance with the cqnfiguration
of the embodiment 12 of the present invention, if connectilons
around the cold cathode tube 203 are broken during lighting
because of some cause, or if the output of the piezoelectric
transformer 201 becomes an open state because the qold cathode

tube 203 is broken owing to impacts, the driving operation is

stopped promptly; at the same time, the output operation is
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stopped once at the time of instantaneous power interruption,'
and restart bégins after the predetermined time has passed after
 the étop. Therefore, in acco:dance with the driving circuit of
the embodiment 12, it is possible to prevent the breakdown of
the piezdelect'ric transformer 201 and the breakdown of devices |
such as the power t-rénsistor 220 and the like owing to an
out-of-control condition due to instantaneous power
interruption.
(<Embodiment 133>

Next, a piezoelectric transformer-driving circuit in
éccordance with embodiment 13 of the present invention will be
described.

- FIG. 56 is a block diagram showing the configuration of the
piezoelectric transformer-driving cifcuit of the embodimént 13
of the present invention. 1In FIG. 56, thé components having the
same functions and configurations as those of the above-
mentioned embodiments are desigﬁated by the same numerals, and
their explanations are omitted.

Unlike the case when a drive pulse signal is generated
in an analog system, in the case when a drive pulse signal is
generated in a digital system, the drive frequency becomes

v .discrete; therefore, when the drive frequency changes, an impact,
élthough it is slight; is applied to a piezoelectric transformer

201. In the driving circuit of the embodiment 13, a drive system

is proposed wherein the change in the drive frequency during
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10i j k| lighting control or start control is made as gentle as possible
to minimize the impact. Furthermore, in the embodiment 13, a
drive system is proposed to suppress flicker occurring at the
time when the drive frequehcy changes greatly during control
around the resonance point of the piezoelectric transformer 201
described in the descriptions of the above-mentioned embodiments
8 and 9.

In addition to the configqration of the above-mentioned
embodiment 10 shown in FIG. 44, the driving circuit of the
embodiment 13 has the peak detection circuit 213 and the polarity
inversion circuit 214 shown in FIG. 35 and is provided»with a
function for carrying out control around the resonance point of
the piezoelectric transformer 201 (hereinafter simply'referred
to as a peak control function). The driving circuit of the
embodixﬁ'ent 13 is further providedwith a status detection circuit
227 for deteéting the state of control at the time of lighting,

a cl:l.pv processing circuit 228 for élipping the error voltage Verr
output from an-error voltage calculation circuit 208 by using
a clip value depending on the state of control, and a replacement
"clrcuit 229 for replacing only the frequency division ratio

“distribution data in the frequency data output from a second
frequency setting circuit 291 at the time of start control before
‘lighting. Next, the status detection circuit 227, the clip

processing circuit 228 and the replacement circuit 229 in the

driving circuit of the piezoelectric transformer 201 of the
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g#10%& ()-!!!"K"'"" dhe\ Status detection circuit 227 is a circuit for
detecting whether the state is the peak control state or the
ordinary control state at the time of 1ighting; in the embodiment
13, the circuit is configured to output an L level signal during
ordinary control, and to output an H level signal during peak
control. A concrete circuit example of the status detection
circuit 227 is shown in FIG. 57.

In FIG. 57', a comparlson circuit 227B compares the output

(equivalent to the error voltage Verr) of an adder 208A with a
preset convergence judgment voltage Vconv (described later); the
circuit outputs an L level signal when the output of the adder
208A is larger than the convergence judgment voltage Vconv, and,
on the other hand, outputs an H level signal when the output is
smaller. The comparison circuit 227B judges as to whether the
present current of the cold cathode tube 203 is in the conversion
state, or larger or smaller than a target current. . An RS
flip-flop circuit 227A is reset when the lighting detection
signal Vstate is in the state before lighting, that is, the L
level, or when the output of the comparison circuit 227B has the
H level,v that is, the current of the cold cathode tube 203 is
in the convergence state or largér than the target current. In
addition, the RS flip-flop circuit 227A is set when the output
of the peak detéction circuit 13 has the H level.

The status detection circuit 227, configured as described
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I 10f9- clip value is switched depending on the state before lighting,
the peak control state and the ordinary control state after
lighting. A concrete circuit example of the clip processing
circuit 228 is shown in FIG. 57.

In FIG. 57, a clip circuit 228A outputs a predetermined
value when the error vﬁltage Verr is largér or smallgr than a
separately set predetermined v&lue. The separately set
.predetermined value is output from a seléctbr 228B.

‘The selector 228B has been set to output a £first clip value
before lighting, to oﬁtput a second clip value in the case of
the ordinary control state after lighting, and to output a third
clip value in the case of the peak control state é.lso after
-lighting.

The first clip value before lighting has been set in the
clip circuit 228A, and the circuit outputs 0 when the error
voltage Verr is smaller than 0. In addition, when the error
voltage Verr is an error voltage having one or more frequency
di_v‘isions in terms of the fréquency division ratio of the drive

pulse signal, it is clipped at the value of the one frequency

division. For example, in the case when the frequency data Ffreq
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set distribution data, and when the error voltage Verr is 16 or
more, the frequency division ratio changes by 1 or more. 1In this
case, the first clip value is set at 16 or less.

Furthermore, in the case of the second clip value, when .

the absolute value of the error voltage Verr is an error voltage
having one or more frequency divisions in terms of the frequency
division ratio of the drive pulse signal, the error voltage is
clipped at the value of the one frequency division. Therefore,
the clip value is set at -16 (minus 16) or\more or 16 or less
When the above-mentioned example is used. In addition, it is
assumed that the thirdvclip value has been set at a small value
so that the change in the brightness of the backlight is almost
negligible.

| The clip processing circuit 228 is configured as described
above; therefore, when the error voltage Verr is 0 or less before
lighting, the error voltage is clipped at 0, and operation is
performed so that the drive frequency does not shift in the
frequency increasing direction. Durihg the ordinary control
after lighting, operation is performed so that the shift amount
of the drive frequency 1s surely 1 frequency division or less;
during the peak control, operation is performed so that the

‘average drive frequency does not change greatly (so that the -
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error voltage 1s away from the target wvalue.

The replac;ement circuit 229 of the embodiment 13 has been
set to stop the distribution of the frequency division ratio
before lighting. A concrete circuit example of the replacement
_circuit 229 is shown in FIG. 58.

In FIG. 58, when the lighting detection signal Vstate is
‘attheIJlevel,thatis,duringthestartcontrolbeforelighting,
a selector 229A outpufs 0 as distribution data to Stop the

disfribution of the frequency division ratio. After ;ighting,
the selector 229A selects the distribution data output from the
second frequency setting circuit 291 and outputs it in order to
distribute the frequency division ratio so that dimming
performance can be obtained. |

Othef configurations and operations of the embodiment 13
are the samé as those described in the above-mentioned

. embbdiments 8 and 10; therefore, their explanations are omitted
herein.
The first characteristic of the embodiment 13 is that it is
configured to sensitively respond to discrete frequency change
at the time of start when the load of the piezoelecfrié
transformer is in the open state_injparticular. In the

configuration of the embodiment 13, in order to reduce stress

applied to the piezoelectric transformer as small as possible,
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- the lighting of the cold cathode tube 203 is waited. This
prevents the output voltage of the pilezoelectric transformer
from changing owing to the fluctuation of the drive frequency
around the target voltage during open control at the time of
start.

The second characteristic thereof is that the change
amount of the frequency division ratio during frequency control
is limited to 1 or less in order to reduce thé effect of abrupt
frequency change on the piezpelectric transformer 291i

In addition, the third characteristic thereof is that the
ave:ageifrequency change amount during frequency control is
decreased during peak control in order to suppress flicker owing
to the large frequency change around the resonance point.duringb
peak cbntrol.

The operation having the above-mentioned first characteristic.
will be described by using the operation in the embodiment 13
shown in FIG. 56. ( |

First, the.lighting detection signal Vétate has the L
level during lighting start contfol; therefore, when the error
voltage Verr is a'negative value, it is clipped at 0 by the clip
processing circuit 228. For this reason, the frequency does not

shift in the direction wherein the freguency division ratio

decreases,‘that is, to the high frequency side.b FIG. 59 shoWs
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First, the initial frequency at the time of start has been
set at a point sufficiently higher than the resonance frequency
- of the piezoelectric transformer 201. This setting point is
assumed to be point A. Starting from the voltage at the point
A, the output voltage rises gradually to point B and then point
C; when the voltage exceeds the target voltage Vopen and reaches
point D, theverror VOltage Verr has a negative value. Therefore,
- . the clip processing circuit 228 clips the error voltage Verr at
0, whereby the same frequency as the previous drive frequency
is 'obtained,v the voltage 1s held at the voltage of the point D,
and the lighting of the cold cathode tube 203 is waited. At the
time of start, the operation for stopping the dis.tricution of
the frequency division ratio is carried out as described with
respect to the above-mentioned replacement circuit 229.

Next, the operation having the above-mentioned second
characteristic will be described. In FIG. 59, the error voltage
Verr is added to the output voltage at the drive frequency of

the point A, whereb& the drive frequency of the point B is
determined. When the error voltage Verr to be added is large
at this time, the freqﬁency changes abruptly; therefore, when
the error voltage Verr is larger than the value of one fregquency

division, it is clipped to the data corresponding to the one
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the current flowing through the cold cathode tube 203 may change
from a larger value to a smaller value after lighting, for example
when the brightness is lowered by dimming or the like; therefore,
clipping is carried out so that the absolute value of the error
voltage Verr is equal to the clip value.

Next, the operation having the third characteristic will
be described. FIG. 60 is a characteristic curve showing the tube
current of the cold cathodé tube 203 with respect to the drive
frequency and shows a case wherein the tube current of the cold
cathode tﬁbe 203 is smaller than a target current.

When'the“operatién point is point A in FIG. 60, the drive
frequency shifts to the low frequency side in order to bring the '
voltage close to the target voltage. When the frequency has
shifted to point B and then point C, control is shifted to peak
control as described in the above-mentioned embodiment 8. At
this time, the output voltage of the peak detection circuit 213
shifts to the H (high) level; therefore, an H level signal is
output from the status detection circuit 227, and the clip value
is switched from a second clip value to a third clip value. For
this reason, the movement amount from the point C to the point

D becomes small; 'furthermore, the frequency shifts to point E

and then point F. Therefore, control is carried out near the
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whereby flicker occurrence is decreased significantly.

In the case when the target current becomes smaller than '
the present current hereafter by decreasing the target current
for example, an H (high) level signal is output from the
comparison circuit 227B, thereby resetting the RS flip-flop
circuit 227A. As a result, an L (low) level signal is output
from the status detection circuit 227, and the clip value is
shifted to the original value, that is, the second clip value.
For this reason, it is possible to carry out prompt shifting to
the target current. ‘

In the embodiment 13, the distribution of the frequency
divisien ratio at the time of start is stopped, abrupt frequendy
change is prevented, and the increment of frequency change is
decreased during peak control by using the station detection
circuit 227, the clip processing circuit 228 and the displacement
circuit 229 as described above. Therefore, it is possible to
attain significant effects of reducing stress to the
piezoelectric transformer 201 andAof preventing flicker during
peak control.

In addition, in the embodiment 13 of the present invention,
the distribution of the frequency division ratio at the time of
start is stopped, abrupt frequency change is prevented, and the

increment of frequency change is decreased during peak control. .

Therefore, the driving circuit of the embodiment 13 has
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transformer 201 and of prevgnting flicker during peak control.

Furthermore, each of the driving circuits shown in the
above-mentioned embodiments has a drive system suited for“
digital LSI formation; by combining the drive system with a
liquid crystal controller and the like to form one chip, the
‘number of parts can be reduced significantly. Therefore, it is
expected to have an effect of making compact video apparatuses‘
.-more compact. Furthermore, the present invention has taken
effective countermeasures with respect to various protection
functions and‘the like to prevent the problem of power supply
voltage fluctuation, a.problem to be solved for praétical use,
and to prevent worst conditions; therefore, the piezoelectric'
~transformer-driving circuit of the presént invention is
significantly effective for practiCAI use.

Although the present invention has been described in termé ‘
of the preéently preferred embodiments, it is to be understood
that such disclosure is not to be interpreted as limiting.
Various alterations and modifications wiil no doubt become
apparent to those skilled in the art to which the present
invgntion pertaing, after having read the above disclosure.
Accordingly, it is intended that the appended claims be

interpreted as covering all alterations and modifications as

fall within the true spirit and scope of the invention.
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The piezoelectric transformer -driving circuit in
accordance with the present invention is used to - drive a cold
cathode tube for the backlight of a liquid crystal display
monitor and so on, and used also for personal computers (PC),

. liquid crystal television sets, a VCR integrated with a camera
with liquid crystal display and so on. In particular, the
piezoelect’ric ‘transformer-driving circuit in accordance with
the present invention employs a digital system; therefore, it
can be formed into one chip together with other LSIs, ahd space
saving_is attainable, thereby being particularly effective for
a VCR integrated with a camera, a digital camera, etc., required

. ¢
to be made ultra-compact. Furthermore, since the driving

" circuit employs the digital system, information exchange to a
microcomputer system is made easy, and advanced dimming control
and the 11ke can be attained; therefore,v -‘automatic dimming

depending on the video scene and ambient brightness can also be

obtained at performance higher than that 6f conventional dimming

control.
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AIM
1. A piezoelectric transformef-driving circuit
compriéing:
a piezoelectric transformer which is supplied with a

controlled current to be supplied to a cold cathode tube and

- driven at the frequency of a drive pulse signal,

a current detector for detecting'a load current f£lowing

through said cold cathode tube,

a rectifying circuit for converting a sine wave like AC
voltﬂa'ge obtained from said current detector into a substantially
DC voltage,

 an A/D converter for converting the voltage signal

- . rectified by said rectifying circuit into a digital signal;

an error voltage calculation»circﬁit for multiplying the
difference data between the output d&ta of said A/D converter
and reference data supplied externally by a constant and for
outputting the result as error data,

a frequency setting circuit for setting the frequency of

said drive pulse signal of said piezoelectric transformer as

‘M:bit data (M: an integer) depending on said error data,

a divider dircuit,for dividing a clock having a
predetermined frequency at a predetermined freqﬁency division
ratio to generate said drive pulse signal of said piezoelectric
transformer, for distributing said frequency division ratio for

the period of N cycles (N: an integer) of said drive pulse signal
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of said piezoelectric transformer and for carrying out control
so that the average frequency division ratio for said period of
N cycles 1s substantially equal to the value obtained by dividing
said M-bit data output from said frequency setting circuit by
~ N, and

a power transistor for driving said piezoelectric

transformer.

2. A piezoelectric transformer-driving circuif
comprising:

a plezoelectric transformer supplied with a controlled
current to be supplied to a cold cathode tube and driven at the
frequency of a drive pulse signal,

a current detector for detecting a load current flowing
through said cold cathode tube,
| a rectifying circuit for converting a sine wave like AC
voltage obtained from said current detector into a substantially
DC voltage,

an A/D converter for converting the voltage signal
rectified by said rectifying circuit into a digital signal,

an error voltage calculation circuit for rhultiplying the
difference data between the output data of said A/D converter
and reference data supplied externally by a constant and for

outputting the result as error data,

a frequency setting circuit for setting the frequency of
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sald drive pulse signal of said piezoelectric transformer as

M-bit data (M: an integer) depending on said error data,

a divider circuit for dividing a clock having a
predetermined frequency to generate said drive pulse signal of
said piezoélectric transformer, and

a power transistor for driving said piezoelectric
transforﬁer, wherein

the frequency division ratio of said divider circuit is
distributed for the period ofvpredetermined cycles, and the
frequency division ratio at the (A0:* 2°+ Al*2'+ * * * 4+ An-1-
2"')th cycle (wherein, in the above-mentioned expression, Ax
represented by A0, Al, ° "','An—l is a numerical value, 0 or
1) is given from the low-order n-bit data (BO*2° + B1L *2* + * *
+ Bn;l' 2"!; wherein in the above-mentioned expression, Bx
represented by BO, Bl, * * *, Bn-1 is a numerical value, b or
1) and the high-order m-bit data C (C: a decimal number) of the
M-bit data output from said frequency setting circuit by the
following expression (1):

{A0°Bn-1+A0 *Al*Bn-2+°** +A0*Al* *+* *An-2‘An-1-
B0} + C --- (1)

3. A piezoelectric transformer-driving circuit
comprising:
a plezoelectric transformer supplied with a controlled

current to be supplied to a cold cathode tube and driven at the
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a rectifying circuit for converting a sine wave like AC
voltage obtained £from said current detector into a substantially
DC voltage,

| an A/D converter for converting the rectified voltage
signal into a digital signal by using a predetermined sampling
clock, |

a smoothing circuit for smoothing the output data of said
A/D converter in a predetermined cycle,

an error voltage calculation circuit for multiplying the

‘ difference data betWeen the output data of said smoothing circuit
‘and reference data supplied externally\by a constant and for
outputting the result as error data,

a frequency setting circuit for setting the frequency of
said drive pulse signal of said piezoelectric transformer as
M-bit data depending on said error data,

a divider circuit for dividing a clock having a
predetermined frequency to generate said drive pulse signal of
said piezoelectric transformer, and

a power transistor for driving said piezoelectric

transformer.

4. A plezoelectric transformer-driving circuit in
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a smoothing circuit including a plurality of smoothing
circuits having the same smoothing cycle and different smoothing
phases, and | ’

a selector circuit for switching the output of said
plurality of smoothing circuits and for outputting the‘output
at predetermined timing to said error voltage calculation

circuit in order to output the newest smooth data.

5. A pilezoelectric transformer-driving circuit in
accordance with claim 3, wherein said frequency divisj.on ratio
vof said divider circuit is distributed for the period of N cycles
| (N: an integer) of said drive pulse signal of said piezoel‘ectric '
transformer, the avérage frequency diviéion ratio for said
period of N cycles is set so as to be substantially equal to the
value obtéined by dividing said M-bit data (M: an integer) 'output
from said frequency setting circuit by N, and the smoothing cycle

of said smoothing circuit is an integral multiple of the N cycles

of said drive pulse signal.

6. A pilezoelectric transformer-driving circuit in
accordance with claim 3, wherein the frequency division rafio
of said divider circuit is distributed for the period of N cycles
of said drive pulse signal of said piezoelectric transforme;:,

and the frequency division ratio at the (A0 °2° + A1°2' + * *
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: + An-1°2"')th cycle (wherein, in the above expression, Ax
represented by A0, Al, * * °, An-l1 is a numerical value, 0 or
1) is given from the low-order n-bit data (BO*2° + Bl *2' + * *
+ Bn-1°*2"?'; wherein in the above-mentioned expression, Bx
represented by BO, B1, * * *, Bn-1 is a numerical value, 0 or
" 1) and the high-order m-bit data C (C: a decimal number) of the
M-bit data output from said frequency setting circuit by the

following éxpression (2):

{A0*Bn-1+A0 *Al*Bn-2+°** +A0*Al* * +* *An-2°An-1-°
B0} + C -== (2)
and the smoothing cycle of said smoothing circuit is an integral

multiple of the N cycles of said drive pulse signal.

7. A piezqelectric transformer-driving circuit
comprising:

a plezoelectric transformer supplied with a controlled
curtent to be supplied to a cold cathode tube and driven at the
frequency of a drive pulse signal,

a current detector for detecting a load current flowing
through said cold cathode tube, |

a half-wave rectifying circuit for half-wave rectifying
a sine wave like AC voltage obtained from said current detecfor,

a comparator for comparing the half-wave rectified
voltage signal with a predetermined reference voltage and for

outputting "H" level data or "L" level data,
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1 width of the output data of said comparator,

a smoothing circuit for smoothing the pulse width data
output from said pulse width detection circuit in a predetermined
cycle,

an error voltage calculation circuit for multiplying the
difference data between the output data of said smoothing circuit

. and reference data supplied externally by a constant and for
outputting the result as error data,

a frequency setting circuit for multiplying the output
data of said smoothing circuit by a constant and for setting the

frequency of said drive pulse signal of said piezoelectric
‘transformer as M-bit data (M: an integer),

a divider circuit for dividing a clock having a
predetermined frequency to generate said drive pulse signal of
said piezoelectric transformer, and

a power transistor for driving said piezoelectric

transformer.

8. A piezoelectric transformer-driving circuit in
~ accordance with c'laim 3 or 7, comprising:
a smoothing portion including a plurality of smoothing
circuits having the same smoothing cycle and different smoothing

phases, and

a selector circuit for switching the output of said
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at predetermined timing to said error voltage calculation

circuit in order to output the newest smooth data.

9. A pilezoelectric transformer-driving circuit ‘in |

‘ ac‘cordancé with claim 7, wherein said frequency division ratio
of said divider circuit is distributed for the period of N cycles
(N: an integer) of said drive pulse signal of sald piezoelectric
transformer, the average frequency division ratio for said
period 6f N cycles is set so as to be substantially equal to the
value obtained by’dividing said M-bit data (M: an intege_r) output
from said frequency setting circuit by N, and the smoothing cycle

| of said smoothing circuit is an integial multiple of the N cycles

of said dr:l.vé. pulse signai.

10. A pilezoelectric transformer-d.riving»circuit in
accordance with claim 7, wherein the frequency division ratio
of said divider circuit is distributed for the period of N cycles
of said drive pulse signal of sald piezoelectric transformer,
and the frequency division ratio at the (A0 - 2° + AL -2+ - o -
+ An-1°2"')th cycle (wherein, in the above expression, Ax
represented by A0, Al, * * *, An-1 is a numerical value, O 6r
1) is given from the low-order n-bit data (BO ° 2°+ Bl 2+ * * ¢
o+ Bn-1° 2"?!; wherein in the above-mentioned expression, Bx

- represented by BO, Bl, * * *, Bn-1l is a numerical value, 0 or
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- M-bit data output from said frequency setting circuit by the

following expression (3):

{AO'Bn-1+—A—_6°A1'Bn-2+"°' +A0*Al* -+ *An-2°*An-1-*
B0} + C --= (3)
and the smoothing cycle of sald smoothing circuit is an integral

multiple of the N cycles of said drive pulse signal.

11. A piezoelectric transformer-driving circuit
" comprising:

a pilezoelectric transformer supplied with a cqntrolled :
cﬁrrent to be supplied to a cold cathode tube and driven at the
frequency of a drive pulse signal,

a current detector for detecting a load current flowing
through said cold cathode tube,

. a rectifying circuit for converting a sine wave like AC
voltage obtained from said current detector into a substantially
DC voltage,

a comparator for comparing the ;ectified.voltage signal
with a predetermined reference voltage and for butputting "H"
level data or "L" level data,

a counter circuit for counting the output data of said
comparator for a predetermined period,

a smoothing circuit for smoothing the count data output

from said coﬁnter circuit in a predetermined cycle,
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for outputting the selected data,

an error voltage calculation circuit for multiplying the
difference data between the output data of said selector cireuit
and reference data supplied externally by a constant and for
outpﬁtting the result as error data, |

a frequency setting circuit for setting the frequency of
said drive pulse signal of said piezoelectric transformer as
M-bit data (M: an integer) depending on said error data,

a divider eircuit for dividing a clock having a
predetermined frequency te generate sald drive pulse signal of
said piezoeiectric transformer, and

a power transistor for driving said piezoelectric

transformer.

12. A piezoelectric transformer-driving circuit in-
accordance with claim 11, wherein said frequency division ratio
of said divider circuit is distributed for the period of N cycles
(N: an integer) of said drive pulse signal of said piezoelectric
transformer, the average frequency division ratio for said
period of N cycles is set so as to be substantially'equal to the

‘value obtained by dividing said M-bit data (M: an integer) output
from said frequency setting circuit by N, and the smoothing cycle

- of said smoothing circuit is an integral multiple of the N cycles
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13. A plezoelectric transformer-driving circuit in
_ accordan‘ce with claim 11, wherein the frequency division ratio
of séid divider circuit is distributed for the period of N cycles
(N: an integer) of said drive pulse 'sig'nal of said piezoelectric
transformer, and the frequency division ratio at thg (A0 * 2° +
Al*2'+°** +An-1° 2“_'1)th cycle (wherein, in the above expression, |
Ax represented by.AO, Al, * * *, An-1 is a numerical value, 0
or 1) is given from the low-order n-bit data (BO * 2° + Bli‘ 24 0 0 e
+ Bn-1*2"'; wherein in the above-mentioned expression, Bx
represented by B0, Bl, °* * *, Bn-1 is a numerical value, 0 or
1) and the high—'order m-bit data C (}C: a decimal number) of the
M-bit data (M: an integer) output frqm sald frequency setting

circuit by the following expression (4):

{AO *Bn-1+A0 *Al*Bn-2+° *°* +A0+Al* *** *An-2 *An-1°
B0} + C _ --- (4)
and the smoothing cycle of said smoothing circuit is an integral

multiple of the N cycles of said drive pulse signal.

14. Apilezoelectric transformer-driving circuit, wherein
the output voltage thereof is changed by changing the frequency
of a drive pulse signal to control the current flowing through
a cold cathode tube, comprising:

a current detection circuit for detecting a load current,
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an A/D converter for converting the rectifled voltage_
signal into a digital signal, |

an error voltage calculation circuit for multiplying the
difference data between the output data of said A/D converter
and reference deta supplied externally by a constant and for
-outputting the result as error data,

a frequency setting circuit for setting the frequency:of
said drive pulse signal of said.piezoelectric transformer as
M-bit data depending on said error data, |

a divider circuit for performing frequency division at
the positive edges of a clock having a predetermined frequency
to generate said drive pulse signal of said piezoelectric
transformer, |

a reverse-edge processing circuit for latching the output
pulse signel'of sald divider circuit at the reverse edges of said
clock and for outputting the latched signal,

a selector for selecting the drive pulse signal output
from said divider circuit or the drive pulse signal output from
said reverse-edge processing circuit and for outputting seid
selected pulse signal, and

a power transistor for driving said piezoelectric

transformer, wherein
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of said piezoelect:ic transformer so that the average frequency
division ratio for said period of N cycles is substantially equal
to the vaiﬁe obtained by dividing the M-bit data output from said
frequency setting circuit by N and so that the flﬁétuation of

the frequency division ratio for said period of N cycles is one

or less.

-15. A piezéelectric transformer-driving circuit in
accordance with claim 14, wherein the frequency division ratio
of sald divider circuit is given by the sum of data Div given
by the high-order Mu bits in the M-vbit data output from said
frequency setting circuit and the output data of said
dist»ribution circuit having been set so that data A given by the
low-order M - Mu bits in the M-bit data is used to output ar; H
(high) signal A times for the period of cycles N (= 2M - Mu) of

sald drive pulse signal of said piezoelectric transformer.

16. A piezoelectric transforme.r—driving circuit in
accordance with claim 15, wherein said selector outputs the drive
pulse signal output from said reverse-edge processing circuit
when the output of said distributioncircuit is anH (high) signal,
or outputs the drive pulse signal output from said divider

circuit when the output of said distribution circuit isanL (low)




10@! 1098B& () - @O0YBE ()- @S109B& ()-Y 109B& () - @L0YBE () - 109B& () - GSlaBSH=
1 10S109B& () - &109B& () - 3S109%& () - f3|10%B&f()-|q

3109%BkB& ()-SL109B& ()-1j GIESH= 1 .

10' 1 109B& () - LY0UBE () - y#109B& () - y"lO%B&'() 3" 1098& () - Y9109B& () - AsdESH
= 1 10s3109B& ()- 1109B& ()-/109B& ()-f-!109B& ()- L+109B& ()-y)Z109B& () -
abC 1 10f9!10% & ()-&3 10% & () - S@0% & ()-s10% & ()- 10B 10B

10B' | 71098B& ()-anLdEbC 1 10L10% & ()-y 10% & ()-vy

10% & () - Zf 84 Ha%I&' () - &10% & ()-S, MLO% & ()-Aa?bC 1 111

940%\ & ()-sy/10% & ()-+10% & ()-)!10% & ()-! ' SH10%\ & ()-y"109%& () -

1 1 @10%& ()-910%& ()- 10\ 10\

17. A piezoelectric transformer;driving circuit in
accordance with claim 15, wherein said distribution circuit
outputs an H (high) signal so as to distribute said signal at
even-numbered times or odd-numbered times for the period of N
(= 2M - Mﬁ) cycles when said data A of said low-order M - Mu bits

output from said frequency setting circuit is smaller than 2M

- Mu/2.

18. A pilezoelectric transformer-driving circuit,
wherein the output voltage thereof is changed by changing the
frequency of a drive pulse signal to control the current flowing
through a cold cathode tube, comprisiné:

a current detection circuit for detecting a load current,

a rectifying circuit for converting a sine wave like
volfage obtained from said current detection circuit into a DC
voltage, |

an A/D converter for converting the rectified voltage
signal into a digital signal,

an error VOltage calculation circuit for multiplying the
difference data between the output data of said A/D converter
and reference data supplied e#ternally by a constant and for

outputting the result as error data,

a frequency setting circuit for setting the frequency of
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: data depending on said error data,

a divider circuit for dividing a clock having a
‘predetermined frequency to generate said drive pulse signal ofv
said plezoelectric transfqrmér,_:
a bulse width setting circuit for setting the duty ratio
- of the drive pulse signal output from said divider circuit
depending on power supply voltage information f£rom an externali
midrpcomputer system, and

.a power transistor for driving sald plezoelectric

transformer.

19. A piezoelectric transformer-driving circuit in
- accordance with claim 18, wherein said pulse width setting
circuit compriseé a counter circuit, a decoder circuit for
outpﬁtting an H (high) signal as the output of said counter
circuit depending on a value obtained by multiplying said M-
_ bit data output from said frequency setting circuit by power
supply voltage information from a microcomputer system, and a

flip-flop circuit being reset by the output pulse signali of said

decoder circuit.

20. A piezoelectric transformer-driving circuit,
wherein the output voltage thereof is changed by changing the

.frequency of a drive pulse signal to control the current flowing
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109%&' ()-L-!10%&' () alcurneuidetectioopsauit for detecting a load current,
. a rectifying circuit for converting a sine wave like
voltage obtained. from said current detection circuit into a DC
voltage,

an A/D converter for converting the rectified voltage
signal into a digital signal,

an error voltage calculation circuit for multiplying the
difference data between the output data of said A/D converter
and reference data supplied externally by a constant and for
outputting the result as error data,

a peak detection circuit for holding the output data of
said A/D donverter for a prledeterminevd period and for comparing
the output data with previous data to detect the resonance point
of said piezoelectric transformer,

a polarity inversion circuit for inverting the polarity
of saild error data depending on the output data of said peak
detection circuit, |

a frequency setting circuit for setting the frequency of
sald drive pulse signal of said piezoelectric transformer by
adding the output data of said polarity inversion circuit to the

. previous frequency setting value,
a divider circuit for dividing a clock having a

- predetermined frequency at a frequency division ratio depending

on the output data of sald frequency setting circuit to generate
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accordance with claim 20, wherein the output data of said peak
detection circuit is reset when the output data of said A/D
converter is larger than said reference data or when the absolute

- value of the output data of said error voltage calculation
circuit is smaller than a predetermined value, and the polarity
of the previous output value of said peak detection circuit ;i.s
inverted when the output data of said A/D converter is smaller

than said reference data‘and also smaller than the previous

output data of said A/D converter.

22. A piezoelectric transformer-driving circuit in
accordance with claim 20, wherein the frequency division ratio
of said divider circuit is distributed for the period of N cycles

of said drive pulse signal.

23. A piezoelectric transformer-driving circuit in
accordance ivith claim 20 ., further comprising a smoothing circuit
for averaging the output data of said A/D converter for the period
éf N cycles of said drive pulse signal and for outputting the |

result to said error voltage calculation circuit.
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a rectifying circult for converting a sine wave like
voltage obtained from said current detection circuit into a DC
voltage, |

an A/D converter for converting the rectified voltage
signal into a digital signal,

‘an error voltage calculation circuit for multiplying the
difference data between the output data of said A/D converter
and reference data supplied externally by a constant‘and for
outputting the result as error data,

a peak detection circuit for holding the output data of
said A/D converter for a predetermined period and for comparing

 the output data with previous data to detect the resonance point
of said pilezoelectric transformer,
. a frequency setting circuit for adding saild error data
to the previous frequency setting data and for outputting the
result, |

a selector for selecting the output of sald frequency

setting circuit or the frequency setting data at the previous

N-th time and for outputting the-selected.data as the frequency
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: signal of sald piezoelectric transformer, and

a power transistor for driving said piezoelectric

transformer.

25. A plezoelectric transformer-driving circuit in
accordance with claim 24, wherein the frequency division ratio

of said divider circuit is distributed for the period of N cycles

of said drive pulse signal.

26. A plezoelectric transformer-driving circuit in
accordance with claim 24, further comprising a smoothing circuit |
- for averaging the output data of said A/D converter for the period
of N cycles of said drive pulse signal and for outputting the

result to said error voltage calculation circuit.

27. A plezoelectric transforﬁer-driving circuit in
accor.dance with claim 24, wherein the output data of Said‘peak
detection circuit is reset when-the outpuf data of said A/D
converter is larger than said reference data or when the absolute

value of the output data of said error voltage calculation
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of said A/D converter.

28. A piezoelectric transformer-driving circuit,
wherein the output voltage thereof is changed by changing the
- frequency of a drive pulse signal to control the current flowing
through a cold cathode tube, comprising:

a current detection circuit for detecting a load current,

a voltage detection circuit for detecting the outpuf
voltage of said ﬁiezoelectric transformer,

a rectifying circuit for detecting the sine wave like
voltage obtained from said current detection circuit or the sine
wave like voltage obtained from said voltage detectior} circuit,
whichever larger, and for converting thevvoltage into a DC

: voltage,

a turning-off circuit for periodically turning off the
output of said voltage detection circuit for a predetermined
period,

an A/D converter for converting the rectified voltage
signal into a digital signal, ’

a lighting detection circuit for detecting the output
'voltage of said A/D converter at the time when said‘turning-

off circuit is on and for judging the lighting of said cold cathode
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and reference data supplied externally by a constant and for
outputting the result as error data,

a selector for selecting said reference data at the time
of lighting or said reference data at the time of start and for
.outputting the selected data,

a frequency setting circuit forbsetting an initial
frequency at the time of start and for adding said error data
to the previous frequency setting da-té and outputting t_he réSult-

"at the next time and thereafter,

a divider circuit for dividing a clock having a
predetermined frequency at a frequency division ratio depending
on the output data of said frequency setting circuit to generate
salild drive pulse signal of said plezoelectric transformer, and

a power transistor for driving said piezoelectric
tfansformer, whe:ein |

thebfrequency of said drive pulse signal of said
plezoelectric transformer is held constant at the time when said

turning—off circuit is on.

29. A piezoelectric transformer-driving circuit in
accordance with claim 28, further comprising a distribution

circuit for distributing the frequency division ratio of said
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30. A piezoelectric transformer-driving circuit in
accordance with ciaim 28, further comprising a smoothing circuit .
for averaging the output data of said A/D converter for the period
of N cycles of said drive pulse signal and for outputting the

result to said error voltage calculation circuit.

31. A piezoelectric transformer-driving circuit in
accordance with claim 30, wherein the output of said smoothing
circuit is held constant when said turning-o‘ff circuit is on in

order to set the frequency of the drive pulse signal output from

said divider circuit constant.

32. A piezoél-ectric transformer-driving circuit,
wherein the output voltage thereof is changed by changing the
frequency‘ bf a drive pulse signal to control the current flowing
through a cold cathode tube, comprising: |

| a current detection circuit for detecting a load current,

a rectifying circuit for detecting the sine wave like |
voltage obtained from said current detection circuit and for
converting the voltage into a DC wvoltage,

an A/D converter for converting the rectified voltage
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said cold cathode tube,

an error voltage calculation circuit for multiplying the
difference data between the output data of said A/D converter
and reference data supplied externally by a constant and for

outputting the result as error data,

a frequency setting circuit for lsetting an initial
frequency at the time of start and for adding saild error data
to the previous frequency setting data and outputting the r,esul.t
at the next time and thereafter,

a divider. circuit for dividing a clock having a
predetermined frequency at a frequency division ratio depending
on the output data of said frequency setting circuit to generai:e
said drive pulse signal of said piezoelectric transformer,

an output enable circuit for controlling the output of
said drive pulse signal output from said divider circuit,

a power transistor for driving sald pilezoelectric
transformer, and

a restart processing circuit that disables sald output
enable circuit if said lighting detection ci;:‘cuit does not judge
that lighting is attained even after a predetermined period has
passed ahd sets the frequency setting data output from sa:l.d‘

frequency setting circuit at an initial frequency to perform
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- ‘the sine wave like vo tage obtained from said current detection

circuit or the sine wave like voltage obtained from said voltage
detection circuit, whichever larger, converts the voltage into
a DC voltage, and carries out lighting detection when said

turning-off circuit is on.

34. A piezoelectric transformer-driving circuit in
accordance with claim 32, wherein said restart processing
circuit stops outputting if said lighting detection circuit does
not judge that lighting is attained even when restart processing

is performed a preset number of times.

35. A piezoelectric transformer-driving circuit in
accordance -w:l.th claim 32, wherein said restart circuit comprises
.a first counter circuit for carrying out counting in a
predetermined cycle, for switching the frequency data of said.

frequency setting circuit to an initial value when the counter
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- value thereof reaches a predetermined value and for outputting

- a reset signal for disabling sald output enable circuit, and a

second counter circuit for counting the reset signal output from
saild counter circuit, for disabling said output enable circuit
when the counter value thereof reaches a predetermined value,

and for stopping counting the counter value.

36. A piezoelectric transformer-driving eircuit,
wherein the output voltage thereof is changed by changing the
frequency ef a .‘drive pulse signal to control the current flowing
through a cold cathode tube, comprising:

a current detection circuit for detecring a load current,

_ a-voltage detection circuit for detecting the output

. voltage of the plezoelectric transformer,

a rectifying circuit for detecting the sine wave like
voltage obtained from said current detection circuit or the sine

wave like voltage obtained from sald voltage detection circuit,

- whichever larger, and for converting the voltage into a DC

voltage,

a turning-off circuit for periodically turning off the
output of said voltage detection circuit for a predetermined
period,

an A/D converter for converting the rectified voltage

signal into a digital signal,

an error voltage calculation circuit for multiplying the
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difference data between the output data of said A/D converter
and reférence data supplied externally by a cbnstant and for‘
outputting the result as error data,

a frequency setting circuit for setting an initial
frequency at the time of start and for‘adding said error data
to the previous freQuencY setting data and outputting the result
at the next time and thereafter,

| a divider circuit for dividing a clock having a
predetermined frequency at a frequency division ratio depend:l.ng
on the output data of said frequency setting c:chu;I.t to generate
the drive pulse signal of said piezdelectric transfqrmer,

an output enable circuit for controlling the output of
said drive pulse signal output from said divider circuit,

| an abnormality detectioﬂ circuit for détecting thev output

voltage A of said A/D converter when said turning-off circuit

| is on or for detecting the output voltage B of said A/D convertgr
when said turning-off circuilt is off,

a protection circuit having funétions for outputting a
reset signal used to switch the frequency data of said frequency
setting circuit to said initial frequency for a predetermined
period and to disable said output enable circuit whén said output.
voltage B is less than a predetermined level and for disabling
the output enable circuit to stop outputting when the .output
voltage A}is less than said predetermined level and the output

voltage B is not less than said predetermined level, and



-190-

a power transistor for driving said piezoelectric

transformer.

37. A plezoelectric transformer-driving circuit,
wherein the output voltage thereof is changed by changing the
frequency of a drive pulse signal to contrql the current flowing
through a cold cathode tube, comprising: |

a current detection circuit for detecting a load current,

La rectifying circuit for converting the sine wave like
voltage obtained from said current detection circuit into a DC
voltage,

an A/D converter for converting the rectified voltage
signal into a digital signal,

an erfor voltage calculation circuit for multiplying the
difference data between the output data of said A/D converter
and reference data supplied externally by a constant_and for
outputting the result as errdr data,

a clip circuit for clipping said error data value in a -
predetermined range,

a frequency setting circuit for adding the output data
of said clip circuit to the previous frequency setting data and
for outputting the result as the frequency setting data of said
drive pulse signal of said piezoelectric transformer,

a divider circuit for dividing a clock having a

predetermined frequency at a frequency division ratio depending
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on said frequency setting data to generate said drive pulse .
signal of said piezoelectric transfoyrmer, and

a power transistor for driving said piezoelectric transformer.

' 38. A piezoelectric transformer-driving circuit in
accordance with claim 37, further comprising a peak detection
circuit for holding the output data of said A/D converter for
a predetermined period and for comparing the output data with
previous data to detect the res.ona'nce point of said piezoelectric
transformer, a peak control circuif for carrying out cohtrol near
said resonance point when said peak detection circu;t has
detected said resonance point, and a status detection circuit
for judging whether the state of control is a peak éontrol state
or aﬂ ordinary control state_, wherein the clip value of said clip

circuit is switched depending on the output value of said status

detection circuit.

39. A piezoelectric transformer-driving circuit in
accordance with claim 38, wherein said clip value at the timé

of peak control is smaller than that at the time of ordinary

control.

40. A pilezoelectric transformer-driving circuit in
accordance with claim 37, further comprising a lighting

detection circuit for detecting 'whether sald cold cathode tube
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~1s in a state before lighting or after lighting, wherein said
clip value of said clip circuit is switched depending on the

output value of said lighting detection circuit.

41. A piezoelectric transformer-driving circuit in
accordance with claim 37, wherein said error data input to said
frequency setting circuit is clipped at zero when said error data

output from said error voltage calculation circuit is negative

before lighting.



