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Abstract  Piezoelectric inverter for driving CCFL is designed in this study. Of them, CCFL is generally used because 

it has advantages such as small size, high efficiency and good brightness characteristics. the description of the 

piezoelectric effect is not present here and can be easily found in numerous publications as well as complex equations 

and formulae. What is the most important to understand is that "they are different" one cannot just change an 

electromagnetic transformer(EMT) for a piezoelectric one. The simulation program supports the modeled piezoelectric 

inverter for this paper and the equivalent circuit. The result of the experiment shows more than 90% improvement 

in terms of the efficiency.

요  약 본논문에서는냉음극방전램프구동용압전인버터를설계하였다.등가회로의모델링방법으로는진동자의모델에

많이이용되고있는어드미턴스궤적법을사용하였고,인버터설계시전자회로해석프로그램인PSIM을사용하여압전인버

터설계에대한검증을하였다.압전기영향의기술은다수의연구에서복잡한방정식과공식도쉽게찾을수있다.특히압전

기 세라믹 EMT가 변화하지 않으며 PT기초 전기소자의 여러 가지 예는 더욱 효과적인 PT의 강점을 이용하는데 도움이 될

것이다.과적으로,회로의 단순화와 그에 따른 소형화 그리고 입출력대비 효율이 최대 90%이상으로 우수한 성능을 보였다.
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1. Introduction

Incomparisonwithelectromagnetictransformers

theyhavesomeinherentfeatureswhichshouldbekept

inmindwhiledevelopingschematicsofinvertersusing

CCFL.The brief comparison of two kinds of

transformers is in the Table 1. Piezoelectric

transformerscanbeusedinthesameapplicationsas

usualelectromagnetic transformers butthe most

perspective are high outputvoltage low power

applicationsandlow outputvoltage,low andmiddle

power(upto50W)applications.Furtheronwewill

speak mostly about high-voltage piezoelectric

transformers.In comparison with electromagnetic

transformerstheyhavesomeinherentfeatureswhich

shouldbekeptinmindwhiledevelopingschematicsof

invertersusingCCFL.Themostimportantforacircuit

designeristheresonantfrequencyresponseofaPT.

Thefactor,step-upratioN,resonantfrequencyand

efficiencyKofaPTvarywiththeloadresistance.
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2.  Main features of PT

Thereforetherearetwomainproblemsfacinga

circuitdesigner.Thefirstisthattheinverterhasto

operateclosetotheresonantfrequencyofthePTeven

whentheloadresistancemaychange.Itisnecessary

toobtainmaximumstep-upratioandefficiency.The

secondisthatmaximumefficiencyforagivenPT(the

dimensionsofthePTarefixed)canbeobtainedonly

inacertainrangeofloadresistance.Inotherwordsfor

differentloadsdifferentPTshouldbedeveloped.

[Table 1] The comparison of piezoelectric and 

electromagnetic transformers

EM transformer Piezoelectrictransformer

Principle
Electromagnetic

induction
Piezoelectriceffect

Step-upratio Woundratio

Shaperatio(length/thickness,

numberoflayers),

loadimpedance

Frequency

response
Flat Resonant

Output

waveform
Inputwaveform Sinewave

Input/output

impedance
Inductive Capacitive

Devicepolarity Non-polar Polar

Combustibility Combustible Non-combustible

Conversion

efficiency
About85% Over95%

Failureform
Burning,open

winding
Breaking

Theparametersofthemodelareusuallygivenby

themanufacturerorcanbemeasuredasshownin[1].

Itshouldbekeptinmindthatthisistheidealized

modelwhichisvalidonlyinthevicinityoftheresonant

frequency.In fact a PT has severalresonant

frequencies,so-calledharmonics.Foreveryharmonic

parametersofthemodelaredifferent.Usuallythefirst

(so-calledλ/2-mode,whereλ isthesoundwavelength

inceramic)orthesecond(λ-mode)harmonicsare

chosen,becausetheefficiencyandstep-upratiois

maximalinthiscaseanddecreasequicklywiththe

increasingthenumberofaharmonic.Inapractical

circuitchangesindrivelevelorloadcharacteristics

mayinduce"mode-hopping"thatisjumpingtoother

harmonics.Soitisnecessarytoundertakespecial

measurestoavoidsuchjumping.Anotherimportant

featureisthecapacitiveinputandoutputimpedancesof

PT.ThatmeansthatDCcurrentcannotflowthrough

theinputoroutputterminalsofPT,thoughthe

equivalentcircuitmodelshowsit.Themorecorrect

modelisproposedin[2]andshownatfig1.Theresult

isthatdifferenttopologyofinputdriverandoutput

rectifierisusedunlikeEM transformer.

[Fig. 1] Another equivalent circuit model proposed in[2]

Theinputdriverincludesaninductorasarule.

Anotherreasonforthisinductoristomatchthedriver

withaPTformaximum efficiencyasshownin[3].

Theoutputrectifierwhichisusuallybuiltasavoltage

multipliermustcontainevennumberofdiodes.Finally

it’simportantthatPThaspolarity.Thatmeansthatif

theinputvoltagecontainsDCcomponent,likeinthe

caseofsingle-endeddriverfig2,itisnecessarythat

positiveDCpolaritybeappliedtothe"+"electrodeof

PT. Otherwise the output voltage significantly

decreases.GenerallyitisbettertoavoidapplyingDC

voltagetoPT.Inthecaseofsineinputvoltage(noDC

component)thepolarityofPTdoesnotmatter.

[Fig. 2] Single-ended driver wave forms (note that PT 

input voltage Vs1 contains DC component)
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[Table 2] Typical specifications of CCFL power supplies[2]

3. Design of piezoelectric inverter for

driving LCD backlight

Allhigh-voltageapplicationsofPTmaybedivided

intotwogroups.Thefirstgrouphasrelativelyhighload

resistance–morethantensandhundredsmegaohms.

Itistypicalforimageintensifiertubes,ionizers,air

cleaners,lowpowerozonegenerators,photomultipliers,

laserprintersandsoon.Theoutputvoltagecanbe1~

6kVandtheloadcurrentnotmorethan0,1~0,5mA.

Another group are relatively "high-current"power

supplieswithoutputcurrentseveralmilliampsand

outputvoltage300~600V.Andthetypicalvalueofload

resistanceis100~ 300kOhm.Themostpopular

applicationofPT nowadaysislow profilepower

suppliesforCCFL (coldcathodefluorescentlamp)

backlightofLCD displays.Typicalspecificationsof

suchkindofinverterareintheTable2[2].Toachieve

themaximumefficiency thepiezoelectrictransformer

mustbedevelopedspeciallyforeveryvalueofload(a

lamptype).Thestep-upratioisrelativelysmallinthis

case(5~10)andtheQ-factorisminimal.

Speakingaboutthefirstgroupofapplicationsthe

easiestandcheapestwayistouseaself-oscillating

circuitlikeshownatFig.3.Thepositivefeedbackis

providedbycapacitiveantenna.TheinductorL1should

bematchedtoobtainthemaximumoutputvoltage.

4. Simulation Study

ToimprovetheloadcharacteristicofaPT-based

inverterapush-pullortotem-poledriverscanbeused.

InthiscasetheinputvoltageofPTisalmostsine

whichalsoimprovestheefficiency.Thecircuitshown

atthefig3includesthepush-pulldrivestageandthe

pre-amplifierbuilton theCMOS gates(CD4069).

AnotherfeatureofthisinverteristhevaristorZ1which

isusedforthestabilizingoftheoutputvoltage.Asits

capacitanceishighenough(about100pF)thereisno

needinacapacitorconnectedtotheVout/2output.

42

3

1

PT1

[Fig. 3] Push-pull inverter for air cleaner

Thepre-amplifiertogetherwiththehigh-side

driver is built on the IR2109 microchip.The

transformerT1solvestreeproblemsatonce:
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1.It’sinductanceisnecessaryforthematching.

2.Thestep-downvoltageratiohelpstoapply

necessaryinputvoltagetothePT(310Vp-pis

toohighforthePTused).

3.Itenablesgalvanicisolationoftheozonegenerator

fromthepowerline.

5. Conclusion

Proposedinverterisatransformer-lessinverterwith

low.Bydriveninbothsides,effectofstraycapacitance

canbereduced.Sinceinputvoltageofresonanttankis

twiceashighasthatoffull-bridgeresonantinverter,to

drivelampwithlowispossible.Onlyfrequencycontrol

ispossiblewithsymmetricdrivingmethod,butboth

dutycontrolandfrequencycontrolarepossiblewith

asymmetricdrivingmethod,whichisapplicableto

dimming, trim, current control and etc. From

experimentswithsinglelamp,theanalysisanddesign

areverified.Multi-lampscanbedrivenbycurrent

balancing methodusing coupledinductor.Proposed

inverterissuitableforCCFLdrivinginverterofoperates

inthenormalmodewhenthefeedbackcompensates

possiblechangesofoutputvoltageorcurrentbymeans

ofchangingtheoperatingfrequency.
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