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Analysis and Design of an Electronic Ballast for the Cold Cathode
Fluorescent Lamp (CCFL)

Abstract

The Cold Cathode Fluorescent Lamp (CCFL), one of novel gas discharge lamps, which
presents good performances such as high lightness, longevity of service, low power
consumption, instantaneous startup and so on, is one of the current very efficient light sources
for background illumination (backlight) of display units. The merits held by CCFL tally with
the advocate for national “green illumination” engineering, which makes it hold a very
important position in the future daily illumination field.

CCFL hardly has any difference on the working principle with Heat Cathode Fluorescent
Lamp (HCFL) except for its higher working voltage and lower working current. But how to
drive the minitype light tube of CCFL is a very tough job because of its special demands on
the arc and working voltages. For solving the problem, the paper aims to work out the
electronic ballast device matching with CCFL.

This paper first introduces the luminescence principle of CCFL, its investigation
background and actuality, and its development trend. This study also analyzes and compares
several topology frames in common use including Royer, half-bridge and full-bridge
topologies; designes and experiments with the half bridge topology.

Current harmonic and power factor are two of the very important technical indexes, and
the power factor cotrection (PFC) and half-bridge inverter circuit topology are commonly
used in modern high power factor electronic ballasts. So the paper expatiates on the principle
and characteristic of PFC circuit and gives the circuit design method of PPFC and APFC. The
resuits of contrast analysis indicate that the design satisfies the expected objective,

The design approach for CCFL borrows some ideas for designing electronic ballast of
fluorescent lamp, in which the scheme of adaptor plus inverter is adopted. Compared with the
conventional scheme of low-voltage input, this design owns the merits like smaller volume
and higher efficiency. Aimed at actual application of CCFL, the half-bridge self-excited
bscillation electric ballast consisted of separated elements is supplied with household
electricity. The working principle, the design process and the guide for selection of elements
are presented; a sample product is also developed and validated.

After studying the capability, the performance, the characteristics and the working
principle of UBA2070 used in the CCFL half-bridge driver are investigated, and a driver
circuit of 2-tube CCFL adopting the UBA2070 chip is designed. The structure of main circuit
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given in this design realizes the functions such as “soft start”, light regulation, overvoltage
(protection), overcurrent protection and so on. The experimental measuring results show that
the electric ballast has the features of continuous line current, adequate power factor
correction and reasonable total harmonic distortion (THD), achieve the design objective.

Key Words: Cold Cathode Fluorescent Lamp: Electronic Ballast; Half-bridge Driving: Power

Factor Correction (PFC) ; Dimming
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B, BB TAMERBERBEE Cr. BREA Co. FEXERFELLENR
Ri e % Lm #0413k CCEL TR (Bl B8 sk 9. B8 T CCFL Bt s f R H (=
WK, BEEAN) , FUEERAES C FETERRNRE L ERFRBETRER
CCFL BiMEEE, ZERM 3 MEAMR, HPEKEYE Q1. Q2 MERRL FERLZ
Mg (XaEERRSEE) , CCFL PSR gsd, Q1. Q Bk aiEsEs
RARGE (NAIMERERSE) . ZEBEH R,

2

vy d
L1 Tt
) ¥

"]

420

[}
AN

d

& 2.2 Royer #R$h
Fig.2.2 Topology of Royer

Royer BRI T{E EEEE AW T

HTFFRE Q. Q2 MItEREAAI g4t —B, FrLAEREEBIENERE, BERBEV
BAEFREERAEANRABRTEATVE, REMAXREEARNBREFTEEE
2—8. ®i>h, WEEBHEEAXNMSHRS i, RE. BEHERLERAGHER
REER S, HRHEAES RMGEAN “*7 WA .
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IR AT B TR B AT SR

RBEARBRNEBME Q2 BRA BT, Q1 HEMEAW S) LA, MFTs Q2
FERA R, 1 Q2 MEBREH L ¥D: X Ql BRERD, 4 Q1 KIEERENR i
K, SREERA. BEMNTARBENEBMATAERME Q BMEE. Q&L
i, BEEEEXE MESHEELEEFHNBNORAELE.

RS LR R ITE RAE Q1 MIEAR( )AL FRE, Q1 M sl i th T B,
BERAELERE, FERENELERE, ANTSRSENBRNEBRE, BRHEE
HEY “*” BAIE. XHEESIE Q2 MEMEM EF, Q1 MBI TR, WX Q1 BRfA
B, Q1 WA i, /D, W Q2 BRERE, # QHERRBRA L, BA. &
FRAEE R, BOEMAIL RN AR R Q MAMSE. Q1 #k, Bk, B
BREABEAE MEUEEUEEFHLMBNERDNE. FRBRIRANER, A
MEEERREEATRT .

AT R AFIENINE, & Royer BTN — Buck B8, Bili@¥FLEm
SERET CCFL MEED. HRiEERAThae B i R SR A a8
& CCFL B RIpmahmes, Wl 23 iR, HERNZERELEY Ry FHER ks R
BHin.

I
o ['VW]
v B |k
' D
R
PWM
@

2.3 AHEATIEEN Royer BB
Fig.2.3 Topology of Royer with dimming function

R, BRI T aA:
() EXHEAF, BERKMHIPREERHHEYHN CCFL; FANRLHY ME
BAMFERE, FEBFSEBEAOHEEAAERLOB?, B, HiE R
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KEB T KREH 2T

BRSO AR CCFL BB, XS B TRXEEA A CCFL MR
B

(2) RHEAE CCFL MEFBE, SHBMPTIEMERETRN, PTHER —wE—
WEMMS (RERS, BHIRE . HREAT R — DR R E R
%, HEMERERHENE.

Royer #3h=4£ PWM H IC B %@, T 1T CCFL =618, 4K, B2 Royer
HERE B, WRERK, FATERENTSRMF: WREX PCB B/, RAEZA
3|, T Royer BHIRBRF I, ZAMFSHIRENEWE, RAETRISHTHMTE
W, MXEEHLEEERT g, MAWEERE, TERNZTHEX, WL
W AR, TEBRITES. ¥ Royer fhiMEH BT RS EBRA AT E™HRIZHIAT
PHEERRRE .

2.2.2 EHFHNCA

BRI INE 24 iR, RBPEEADERXE VI, VL AFITBEECL C2r
B DEFXETEH LR HER TS SESHFH,

WX VT B, BMARE Vi 285 C2. BEFWELL Np MIFXE VTI
WA BB 2R B Np i, RIS ERKENNT BEMEAT ARMER. HFXE
VT1 %8, VT2 K, SINBESTRE V2. TESMLSEE Np HEE C1 %
ERME G BRE, AN2FER T KEMITEEMERTARMtE. FXEERNR
BEEI T EFF XS VI1. VIR KBATEBNRZLE Np BEF AT AEME. BE
SRR EA Np BBk EWEE A 1/2Vi, FEBRE Cl. C2 EMBEN 1/2Vi,

EDEFXEHENSEEAB XTSRS, BEER T HEETERRES
FE# 2 VD1, VD2 @i, Bk, WEFXE LASNESEENETRARE Vi,
FEAERLENHEBERELHTRETRN—F, REMIER. X2EFHFRERE
BMRAET—. LFEBRENER, B, —HE300WELGHFXRELRPEHABSL .
EHREFENBIANBEFAE LNBRERATEFEREN—F, FUEHBERNIIZE,
FAHRFXE TS BRHE L SFERRK—HF.

TELHFRPTRPEE B GHETLE VTL, VI2 HEFERE, URER
AT TS HR R . XA LU AL VT, VT2 ShEFF LB 1 Sl K [E A L R
R, AR T E0 B/ () AR X B (A
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¥ BB EAT B TR AR A AT 5

i
I
M
2
E

g,
-

7

KERE D “ BJ
[Q;n__;;':}]

[

Vi

a :': &7t :'_Vn
K 2.4 ¥HRH
Fig.2.4 Topology of Half-bridge

2.2.3 &R

ZHHHIE 2.5 Fin. B 4 MFRE VTI-VT4 AE— P EFRRE B VTI.
VT4 R VT2 VT3 A5 RBENSER . 4 VT2, VI3 8dn, MAREZ VT2,
L% T MFIRLE Np Mk VT3 R EIR, mMETES T VIE LB B EEE
AREBE Vi, FBMGLA Ns AT BE MR 54T i fiea. FEY VI2. VT3 X,
VT1. VT4 S8R, BMAEE Vi NS VT2, VT3 BENRRARMN T EATESE T
LRLKPE Np #HE, HBITRELRE Ns FUAT B 4% AT R et .

ol VD2

& :IE % . ____'—q\

Vi Np % Ns
D3 wz; \T4 VD4 '

2.5 £¥EH
Fig.2.5 Topology of full bridge

YN

EHRTRERBITRERTNHRHELEDBABE Vi, IR B EREH
WA GLE Vi, LERBBRER—¥, RRAFXEHEEFRT HE: BIMMEL
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KERTRFH L FAET

“REREER T NRBMEEEEMBARE, A TFRENE. BT XENRERE,
ERTHREARG Y,

EHFF KA TROBREAREMH 4 AFXYE, RE 4 HBEHRBEGEREKHE,
BB, FRATHES, KAHMRR.

S5 Fmib—#, T TEPEFERRE VTL. VI2. VI3 VT4 #HER
EHEE, BWEFRXEERTR.

2. 2.4 ¥EBRIAH

EHDEROBBRWE 2.6 Fin, BPMAELES T 8 N1 G4 Er bkt E ik
EABABRE Vi, BRPREAFXBENF Top TEBIKEBREZIT B LE HIT A
ﬁﬁ%@,”‘“].

FFRE VT, VT2 BERENE S BT E FE. <0, BAHRBE vi BE
R R EE. 4 VT S8, SASE viiEid VT B @A ER T 955
AN b, ITFENEER THRNESHESAMASEA NI, FLE VI 888, &
BMIEFFXE VI2 BB EREIFHRENEARE Vie JFXE VI, VT2 BHRERE
EWKE, FFRE VT, VI2 &L, efFEBRKBEESN Vi,

HEFFRE VI R VT2 SENEER), Har-ERi bt B il €7 %8 XErgEa,
mT LIRS TREMENER, EAXEE. HRASFEBELE, KABMHE
BHRTEE. Mo VRGEHRFLHETIE, =% ESRFEERR.

HHEBHRAZRRABNM X EERRBREANELIIE, HARMRENE
SHRAEE, BT XENERENBBRRTTEE, Bayh ARy Bl Ll

t{{ |
i 1
N2 # il
& &
E4c] J
|
Bl 2.6 HEBRH

Fig.2.6 Topology of push and pull
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¥ BRI AT e TR AT S Bt

2.3 BT HRRAAR

231 BFHRERBBANEERITHAE

BT @RS FHARZ AT VRN A, FIRENFERTHABRHINEEIT
BFmET, FRAEAEH IS ENEREEMNHE.

ERBEE AP AESNEL SRR, FMAFUTEAED,

(1) BERRTUAT AR, AT RERAT IO,

() MARBERRETHFRENREE.
2.3.2 BEALFE

(1) BALEERX

W 2.7 fi, SEERABEDLRCIEMBRE, D RAfiE, CCFL MERHT
M fE Ry MBI 3% Rap: MR ME, BfHE D, B#S V, B84 F D ER
B RS VSRR DB RN ERERFEZE. V,EESRR T Res #
Cre XF1, LHEHAFHE, V,IWEES VB EAS. MEZB T D LR,
Iz p

I = Vf *

P J2(Rg + R py)

CCFL 1) B L 5 1815 AL 2% Rapy BI KDY, Rs BIE R E T B A CCFL fye

2.

—_—
——

F—e> n—LEB P
“ CCFL ) Vi—{+~" ouT

Raps
b & Rs
B 2.7 B Bife

Fig.2.7 Regulation resistance dimming
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KR T REMLFAIRX

() BRI
wWE 2.8 Fiw, BEEREEAEE. FHEEEE R, Ry Ref Cmr WE Vi
ek, W CCFL Mk, XR2MBNRMEN. HBmMEES:

R +R, R -
_a( )]: 1 Vb,} (2.2).

famp «/_R R, |’ R+R,
FiEeRES Vy, f73K, CCFL B MBI, EMAXRFIE vV, BN IE
) A s B0 ] .

A 2.8 ERHEERS
Fig.2.8 Analog voltage dimming

(3) ¥FEH PWM X
N 2.9 B/, CCFL MR PWM B G D ¥, & T Biik CCFL N4k,

PWM M R EEAME. BT RIHTEELERA RN RE TR £,

o Ta
y . FB [_—]
= Sk

CCFL R ZSD?' v__._ +
$
D1 R2 f
L—AA—
\ (}NIOFP EN|
PWM

2.9 TR PW iR
Fig.2.9 PWM dimming of digital low frequency
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RN B TR BN AT 58t

2.3.3 BB RS

—EERAA R RGN TRFEFEEDE 210 Frn, @ EMI ERKS. B
5. DEEEBKIE (APFC) 395, FIFXBEFRAZHHEHBEN 1~10V HEiER
WEESEOMARATHEEMS FRABIEHHESLE K. XA 1~10V §
EREDAXSIESERMRANFHRCHEE, R LEFLFLATRESHT AN
BT EHAME= .

SRS T RS
il — o oy | ) ThE EE
— EESE L,
we o wem [ &E |
HE T
ERE p
1~10V i %
- . Ak
=R RE v BFESE
Y5 > THIE 5
FiA

B 2. 10 R RS RSN TFRBEER
Fig.2.10 Block diagram of analog dimming controf system

BEBS—-RFATESR, FIRAZESLAT 1~10V HERBEESMRE,
R U] R ERESIE S, FRRRET TEERE B R, HiRx
{55 F LLR Y B T H A BB R B IRANE, AT mEaEs, ST REERYH
HElo 1V EFIRFX AT R NRRE, 10V 58P RAT B KT

AT E A R R AR B RLIT HEHE SR SRRE, F
F G R A B 45 7 AR B0 AT SR (5 S AR B S B FU I RO SR B MR e B T
FRLLEL, BEREFLHIES NREE B FHEBBN 1~10V FAEHEAR, MREHR
RY RGN

2.3.4 HFBEXES

| —FRENE TR SRS 0 2.11 B, 8 b R T (EMD i E.
BiR#E. DERREKLIE (APFC) HE. BFHERLEFHEAR. BRBSTEREE
HENFBEHRELE2AR. BF RN THARBHRSGNSER THFE4E
B, BZHHIEHIE, MEHREsRa TRASHENESE. ESRAPHES. )]
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RERTRFMLFMRT

ERNHTF, HRHFERARZHETHREE SN TRAZN TEREEEFE
Bl F RS IhaE, WMRBEE/RRSE R TIRMENSZAEFNETEOET, A
T SEREEA BB RERRHIEH .

| BEHBETERR |

%ﬁ ! u EApRLy I
! M i £
i - Tancd S : &
1 = o e | Ok - {

N /LR .
! |
L

B 2. 11 BFABHREN T REER
" Fig.2.11 Block diagram of digital dimming control system
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ABIEFIT B FRRSHMT SR

3 TR RAEKIE BRIt

RICKT B FRABEFEBMARAGER T BAEHYZEREH O EREENH
RIEFT, REH MBI TRRBBER AR AR, SRS B E RS
ERY, —HRAMIFRAERATRE R FRARSEERROXRIEE.

3.1 BHE R REAK

BT RAMBMTRBE—H, BEEMATHABFEEMT fEESH —REFTER
ST R (R 3.1 FiR) #T8H, BATAEENBRERSEN, THF
ROERBE, GBI, MERFERERERNIIEESKRERE, NHEHLHR
EHANATELFER, LRSSBEFEHNROMREEE. TEFEN R EPE,

(1) BENFERKIREPETER, AEETEREMHLEES 5,

(2) BRI, —REMEHBHRETEBHREAD, BE—MEEREHERKE,
AL R L (BTI8 B L YR % % 22 ¥ (Current Crest Factor: CCP)HR Y i pkisty, £
LEFNRL ARG LR RREES SRR RAENELEY. ) BERE, &
REEFEAE (THD) BEBiT100%, RESIEHABEEEEEE.,

3) EEL (PF) BRI, —&H 0.5~06.

EMAERBEOHEHBRNEEABROARENERSE, BEXRARRESE
EERERILE. RERELEREMUTERT, MESEBAEREERES. B
EHABAST - RENRaRat, AEERARTREEBE G HERE LB
REN, BR_HEASEERMRENSE. TaATKaEBEEFREaA LY
BER, BA_HENEREEENSL. TR BER-GEREERATHEEEE
A &S8, FEA (P) BAFI180° , —~BRE 60 £H. BRIBRESEAN
BEZ/D, MAZHMABERBNEBHFRRBA, MATKERBEZEE, AR
WAERMRETERE, RRBEARERSD, ME 32 B8 ip Fimk. ERUES
A RERMA SR BFE LM WAES, TE~E KESKIBE, BFhZEH (PF)
FEERR. BYAREEEAENSEHATRBEMBR Y B EH %, FE
HEMABEMNHERRK: FREABRTLTE™EMBEAE, WHR&LEETH
(37.38]

REE W, BFHAREERNRBRNEVREERER —RESB AR/ SIE
H, MI-REFERARIERRENER TAEBNEREAEEFETHABRS
WEARE. BTROMLEBFETH, HREEREQOHEEMTHIRG, SMEF
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KEBTRFHEEMIRI

FRBWANER RSB FRERRE TARKERNNE T ARBRME. BT, &
BT MUT IR BB RER BN EEE, BEEABRIEERT EENH
%ﬁ@o

3.1 HABH LR
Fig.3.1 Rectifier circuit of full bridge

B 3.2 BB & T
Fig.3.2 Waveforms of full bridge rectifier circuit

M T2 EET4, - EEZALES B US B —RIIARMERNIEZ
wHBm, HPaaEE. kK. ZKiER- . RERRSERE 1 ELEL,
MR — Mg B,

— R, MBERKIIHEREGEIEER, BTHASMHDIEELTRE AR
HPEEFERASHF— MBS, TZREEUEHEMEESEST2EE, BN
BEREEZHESNERETER, HTHBEESENEZ LD, SIANTHRAREHE
H THD (Total Harmonic Distortion of Current) XM2%, HE X H:



AT B TR SR SR

rpMEth el o
1

AF Ly L L HIRR 2K 3 Ko IRE LB ER NG RAE.

HFHRBRBEEEERNBERARRARIEREEXEE, MEEEREH
ANELERRER T, ATMHERRG RS, TEKEEEEEE, BRE S EMELTH.
WRCEE S 100%, WTFHERNFRERLAEFBBRNBAER, SKERETE
T0%EA £, FIKIBHE—RIE 50%, LIRKIEHE L 40%, BiERSE (WHFBIEKET
Z) THD B TEKE, F5HE 120%E55.

TEX/PNEMEIIEREFETH THD X—SBHA TR ERER, TEXM
EXTHAT BB A RMIEN, FEIEEAEAN EMEER, 235 E (hENTF
WEST 25W) RAIE (BHEXTF 25W) FTHNER S EME T AHNERMES,
X4y A A ET LA R 4G < B H AR .

BYHRMBERDERR SHFERMIER T ERFIHAN. S TARN =R
RIERBHR T HAR, KBEDEFRRHFTET cos®, EL4MNMEHERKMLEM
FHiEBHREH.

HEEH N (PF) BRETRHAEHDE (P) SHANAETIE (S) MHEPY,
Bp

G3.1)

Vlgc;oscb =L xcos®d =y cos® (3.2)

1% rms ms

Kp: I RFBHEBAARE: e RN BT HE ,,=I_’1_, RHEA B

A=PF=£=
hY

RERE. cosORTEBFHE, ZUBHABEY. FUHEEHETUE X ABASR
WRERYH (v) SHEEH (cos®) HIFRMH.
WHIFTIR, MTF—PEEZRAWES, MABRHEEREN

2 1'2 s 2
I, =P+ +I 4t I =1,‘/1+11+—i7+2—-J'—I"=1,\/1+THD2 (.3)

1

MmBRITHEESK L (PF) FEKEARE (THD) BEZRHMXERN

A=PF = !

'—:l:.‘/-(—T—-]}D—)ZGOSd) (3.4)

ARHERBEERIERBAEFEE. BREKEBEERE. cosOHIE,
MFRFESHENLTNDELR, REFARGE, F4&. TESEAFEEK. AN,
Y EHR, WRTHA RIS BB, FEmm N BRREE, XM mis s,
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REBTAFMEAIRI

FEERM ZAULHfE, TEERPEBARE, BUEREIRETR.

HBEE (cos®) BT MERNEREEREE, BELDIRERBELE
Lg%, BRETHEEZBRONE. BTERBARSETEHERASS, BRIAN
BRAMAAMT 180° , NTFEXBBEBERBE, TiEEERIE MY, REEKSE
A zh. BB ER (cos®) MEMAERY (v) ML, WARKRERE
(y) WMHEBLBEDEERS (PF) WEREK.

ATHRECBEREDRE, REMHBALRIERL, ﬁaﬁmﬁa&% R EifE
BRERAMxERAAH E HANMBEARE, URHEREEREE. I [EC555-2,
IEC61000-3-2. EN60555-2 FinE, MAIME T AAFFENBRERBR. LET 1994
EFAR T BEEFTE L B MR RHE GB/T14549-49.

3.2 TiIRTHE B IE B (PPFC) i1t

ThZEEEAEIE (Power Factor Correction: PFC) TFHRiEIRIER, ERNATTHBF
HRBRGHXBEBIRY —. EEASMIEFERRS S, AT HERTFRESBMONER
¥ (PF) MBENAE (THD) , RATARMEERER BB, RoEkEEE.
LC BB, LCERABRELBSE., ZHA (HAS) SREKEE. ERARSH
NEFIEFHE. BHRARBAREN AR FERER (FREIEEEKE) .

PFC HAR% LR PFC (fHj# PPFC) FE R PFC (&% APFC) PR EET K.
HTETRN PPFCBBRPASRELY, MELEHBEE,. —RE. wBNBHEL
B EETR. Bt BHiITH PPFC AR REFUTAMEEY.: TREKEK
BREBENHVGERRATREEREEBRE. XEFENEZRA ES) BRER
BB TAE R R H S .

3.2.1 B BERAYAIR

FiBZ, BIFETHEHRSZHEAN RN BIF BRHE R B E TR g, B
EHEE, XSHEERZ AR, ARG A 33 fiR. EHTRIERKER
P& BFE LA Cl, C2 FIZAZHRE VD5~VD6 4k, AUBREERREREEE
FHBEPHRRERRE. ‘

BERREERENMAIBEN—F LR PFC i, EEREARE. RMZIFHE
e BRI, Ml ERBEMSBROER, BEgFAASHRELERET
21, BREFNERBEMNERNSEE TEASE AN ZW, BN HERERA TR
AR EY (CCP) ZmB X, ELFERPEEA—TEEER,



R IRIRSORIT B F AR R S

—i

A D2 =—=Ucl _MaUDs

mj__. D6 +
I tHt [

+ Ul - -

D7 + Cye +

A0 fm fvpv = ue2

B33 BERSEE

Fig.3.3 Filter circuit of pursue current

BRRERATEMAELE., ETTHARSRESEA, ABHITHE, EERKE
EEREEENSRERERBDEERWRE, BWE E0H. METRIERRK
ERBBBIRAOETEE, WEFRABEGERNESRS, TETHEASTRA
HEDEFEPLIERRE A LEE, &R XN TE DR RS’
K.

3.2.2 RFBEMIEREESH

BREBRNIFEEEETREBEEREE, £ LBHKR, BXHBALE
ETERBEBENEERK, BEROBRENSEARTIE K, RFEBRTENER
BIRINZEE. REEE 3.3 i, SRiEERR %N EESIhEE.

(1) BAEBCI. C2MTIREDS. D6. DIHEREE— T EFEH. U RBEEERN
—MALMHEE, DEEERN S —X A L. ERUEKEN, FUSTH EREEU,
Ucz» Ups: Upgs UprtB BT, MBEREXRBETHE, HUp = Ug + Upy=Ug+ Upss
FC1=C2, MUc1=Ucs Upr=Ups » Ug5Uciv Ue MBEEHIDS. D6. D7#2%l. D5,
DTERBEAKBRER, DR ERNERBIER.

(2) REBTHHBEU- > Ugy + Uelt, D6XE@AFE, Cl. C2AREEBFzH, X
REHU- <Uc =Ugft, D5. D7REEIFE, Cl. C2ABEHBE, it atak.
HAMZIEDS. D6. D7¥XMA. FUCL. Q2EARREBARE. Ue=UxfRiFFiH5
L3, Gt 1l R

(3)Cl. C2EBEFTE BN, UpliUci+Uc ®E, Up=Uc+Uq; X¥CL. C2HBEMAE
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KEE T KERTEAR

B, WECI=C2, UplliUe=Ua®E, Up=Un=Un. ZSHRBHKHESEEAS
Ik B B TS FE AN B A AR . 29C 1S C2BEARTE B SUR AR, UoBRERA AT i FL R U~
EEHRTREEL. SHER, RREEBEOSEBHERMKBE—F.

) MEC12£C2, WHHEE, HIARFEETHE, AR/, KHEH, R
2 BER, THETFEARTE:
CZ

U, = U (3.5)
aTc+C, "

C
U,.,=—=—U (3.6)
27c+c, "

Cl. C2HEAR, BERMERE, RESH—BAREHSHBE—FHER
B, EREN, 18Uq=Un. HERES hdAmeB B, BE KRB EHHAR,
3457 .

(5) FECl. CHEET, BHERERRUq=Ua FURKEERFNG, HE
B, #C1=C2, NCL. C2HBERR B, FC17£C2, s E K A R0 5 I R R
B, M8, HEETH I RREEN S —MREEEFE, —EFREENE,
TMRFR—IHAERREFET R H MR,

(6) XMBEEHEZAEDL, U=V, sinot, WE34@QHMEFR. HTFE—®E

AR, A REEULEE R AL, BIU, =V, snorl—e®), ERY
Jo ER N, AR, FTLLE AT MR ORI KR, CIEE,

e, UcHRERU AL, BC=0, eX =0, WU, =¥, smor, BHER, BE
B B AR, B EU SR U R E R E N R, A
WP AU, =U, =V, sinor .

3.2.3 TWiEKSH

R BRBHAM, SOHZIXHRBEU =V, sinet (@ =211 ) BNIEZRERLL,
BB A R ¥ AR a7 2476, $H2REFRNN _RENERSE &
BERSENMNEERER. FERCI=C2, BE LEEXEE, HH4MR, £E33.
34L& 1kK, ST

(D) t=t<ty:UBREU- LA EX

ZHRAEU-AZELF, SUMETFas, HU>Uc=Uq, D5, D7RIE, Cl1. C2
& L Fc, BHADL, D3SE, TRAR-mARRER, UMRU- A, K XHE
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A BB AT B TR R AT S5 Rt

Up<Uci+Ucz» D6 ( ME34(b)yP LU= (t)) » Cl. CQ2EETR, Uc=UnB R
BARNNEAET (WLE34 O)FUC=Uc=ft)) , FTULX—KE, Cl. C2EERKHEE
B, URERU. EFH LRI, WE3.4 (b) U=f(t)F HabBk .

(2) b<t<t;:Cl. C2REBTHEINTE

t=60f, Up=Ug+Uc, D6IEMR, Cl. C2ZEIHEA BB R BRA, LB F-HIR
—A RN, BEABEEN LA, iBETE. o, THRBHI-—FEA
Cl. C23% /8, F—FHEEHNERIBEBT. & B EUSREU- L EBITEER, Cl.
C2oAZiE 7 #, KR Uq=Ua=12V,REARTE, Uk E3.4(0) Uity bk .

(3) b=t<ty:UREFU. T FEMT B

t248, Up<Uci+Uc, D6RIR, Cl. C2EUEFEH. XHUSUe=Uq, D5 DTH
Rim, WCl. C2HFRH, USRBRU-ETRREM, i-mARRIBEET. UMEERL
B3.4(b)Us=f(0)F cdER .

@) ty=<t<ts:Cl. C2HELRBHE

t=4f, U.FRERHU.<UFU=Uq, DS D7iEM, Cl. C2HEBENE, & At
ifl. EU<Uy, BHHFDI. DIFIL, i-=0, HHUME TU.MHEE BB BISEN

wE, BU, =V, =U, =';:
HideBt. FEREE, D6R ARSI ML B EU.

Ga LR BA R SREREMERBHEAREYE, TR EERASHER
REARBBASEERETEREEARERA SR 1. 3R BHBEEU,
HIET e ER M B BRI A 4L, 2. APV, Wb BEUGEE R AR BRI R s

SefrEREAFEEhEN R ES BRER LR, o URILE F AR KA RBIE
B R EE BRE, FRMNERXAHEE, BRA_REREAEI20° L, &
HEaTESE, RATHBTERER. B2, NERGHEENREXRE, BHEBN
BHRELERA, RIRHRKR, BRBEMALH230V, KBELTTRBAREE
ERERE, B0 E AR RN E R EEK15%.
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Fig.3.4 Voltage and current waveforms of pursue current filter circuit.
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TEMTEEE. WRBHEBTEREE Con N, BSRBEMERER, HBATN
BEEZE, BREAEEERKEKANs WA EBNETE L, NTETERERR.

4.3 {RipREEN

BEAFHHTRE, @ild BB RIPIIME. 54 Ny ST ERRRZE,
CEITEEBRBNSA Ne, %5038 K, TR SCR, K Do. Dy, [TRIEH IRE
Dis» Disy BERMEE R, URERBE G I AAMIT EWRE. ERAT R, ST
ERAIEH (REE) B, EEE N (Ny) BN —MUEETFRER/LENRE.
BREZ Dy (Dis) FE Dy (Do) » MURFERESNE, RARRZ KRG, FEIHBERE
WA T, WTSEBLAREHR (KB WESRPIIE. TR IRE N SE
BE, AR TEERNTHNERIRAZRN. RIFGB--BaEE, RfXx
ERE, EFmE, Bl aTHE.

4.4 SEIRE
BRI BRSNS % —H BEh B E Vs TAEREV, T
YErE Rilecns LVESRE . SHHAMERn. AR IMESRREFTEEKCCFL ME
SEEYE, HE B4R EFEERSTRE TS FEARAREEL GRS
#, WHIETRANUTSR:
4.4 HEEFESR
BIECCFL BB ES THEBEREERBEC
Iccﬂ
20 V2 =V
4.4.2 M KRG BE
BIECCFLEE TEMES BT IR R BIE L.

2 : _yp? 2
L,ec = __L . 279‘.0_01 V.ﬂart on = f
2z I g 2rC,,

C, = @.1)

(4.2)

4.4.3 HEPESH SRR AR N
ZEHE T3 WEHRLRTHREZEE. BRAERBAREEEX, THTATE
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N = N” = V"‘""“’) v B Vinmin H PRCEE /N E MR SR (4.3)

4.4.4 EFXEHEREY
FREMERZMABRAE- K HEENRRESRERARIERETRENER.

Visrrcgo > Vemmia @.4)

X T 220V At e B IEF IS R, B Verceo™ ¥2 X220X (1+15%) =357V,
HP15%R A HHFEETUBR S £15%. BEFHIOOVREEANFTFXEE,

BAREBRBRNAE: WMBITEDENNPy TEIEBREDIV, WBRETHE
B4 B MR R IR AR

£
Ip=\[2_XIm=\/-2-x V“ﬂ (4.5)

on

ZEINTERANKIERE (CCP) , BMLAZRENER, WEREEafs
FEEEAMA L, WERERBREENE Y

£y
1,=CCF x —V—i (4.6)

on

ALEHFEFRRREBRRT, BTERAELSHENEFEERNRK, TERRKE
e FH CCF — IR F V2, — CCF=1.9~22, HEFA—L, ZNAAR 463
EEBEBEmEHETES Y,

4.4.5 HEISRES CGHDRBEL,

RTRIEZRSENY, VEEBRLARE TR

F N
. 22
R
C, <(Ns) e a7

R e B A 4 ) SR T RSP e 1 0 IESE TR SR B4 £, 20
1 1

fo=o %2 L, (4.8)
RELEAN, TUSHBBEREE Co MAMELRA Ly

Niypg_ 1
C, > (Np ) e e 4.9)
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Fig.4.3 Waveforms of the input voltage and current

HE 4.3 PHRERTE, BABEHERN 50.00Hz, BEFENME 220.00V, BEEE
3113V, BABFERME 0.024A, HFIEE 0.040A. #AIIE 220V X0.024A=528W,
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Fig.4.4 Voliage and current waveforms of CCFL tube

HE 44 TUEE, TEOEFERME 650V, BHE IKV. TEBRENE 3.70mvV X
2mA/mV=7.40mA, ¥E 13.76mA. BHIIE 650V X 740X 10°A~4 80W, IRGHR
24kHz, THER ¥ PF=4.80/5.28~90.91%.

4.6 KENE

FEFET R EFRIZM BB, Bt TRASLIOHMRBRITH BB
PrE Bk CCFL 7 HEila, M T MM T/AERE, SHTRITERE, #BTEE
TLARFERRS, FOET —SBN (A 4.5 i) MRREVRE T 2 E
.

% 3 TR r: a ;.- : B II‘ iﬁ‘;

K 4.5 PR CCPL BT BB
Fig.4.5 Model machine of CCFL’s electronic ballast by half bridge inverter
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(1) FEBRD), LAKERYBE. ME-RENERZAEERARKEERRE
fht % IR PRSIEHRT . MEARSE RREBNARELIE REE. @RS, B
BRERITE, ZENTAERAELKE. HEERK, XPaEA—MErHsirE®E
fh, BRI BB IERONE. Bk, EXNBTHERTRTEENEHR
+ o B

@) BEFSEENSESR L aEAEERRES, X EEIRRRARE. ¥
BIR S/ RBFEERKE (EARTR) &, SIERSRERL, NEHRHIL, HE
Bahids, FEERERKTE, BEELRMMER, RBIETITHTRL.

i, ZEEF BB EROEER T EER, HENEARERLAFEES
. EBKBELR, CEMBTHERELTRARNEE, IAERBHRENMRLE,
FHBERNZASEMERREEN. TITH. MH, IHKBMERLTEMEE
FERIEERL E#AT.

() METRARE IR TIEE, BRRMENT LT IFRMRAEE.

(4) BERETIMTRGHIR TR, FRHTREEM™. BB TEMRZHINSE.
BEMEEAR, HEERAEHE—REEN. URNAREHEFER, EXEE
=rp BRI .

TER AR, EXEBCHHEATHRYE, BRIET &Y, NERHBR
FH . BRXEMEIREMETAD . EMREFRATI#R TS LA R R TR %
FERR, EREBBRTEREMEEEERTE. AR RENEEAZESFNEIAR
. EHSEANH, ERYERRERTEA—ATH, HEE-RNHEE, BW
BAEBMTERE., s, EEPWTHRETEN. fll, HTRETERERE
7£ 40kHz DL b, I EMTFHAGY, XREMARBNREIIR, ZRENIHES.
EXFHEAT, SRAEE. RITSWRTZHRIENES. WA, WREEEMRA—
BIhes, WITENTRBEE. RERENRFE, BoEEREBTIER, MWHRE
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20 22 90 ALK, FEEFARAMVHEDERE, AT RE LR FL EEH
G, R EFEEFHARTATNLGHER T SRHH AR HRNB TFHRESRER
e, RAXABM, TMUAT Y KENIMETH, F R TFEmEaRmigi
KAk, TMEBTHIvERS., HaiE, FRRIEEE. A5REMEMIL, ZRY
RTERBORT. Dl RS EEHERT RN A ERTE. BFamEmie
%, ERREE LEHEHEH SRR, DS RUREREREXEBREARTSR
EENrEaFHRARR.

RERFRAREHEMEEF RS, BN AT B FEF I Philips 2 78
UBA2070 R R F—RMEEE. BT HANEREHFRDLAHRE.

UBA2070 £ Philips 24 7 #E ) B9—#K CCFL EHBHHNE AU, &R £ 845
SHMTEERAREAR, LS 600V UAMBERA, TERHMEMET: A
HHEBR D BAEME. HEE (0%LLE) . FEH EMI 2484: "TLL% CCFL
MABEHAT A5, BRI SEH REERPSHENLTEIE.

UBA2070 £/ 16 I DIP B85 16 Bif SO B3, 650V A% CMOS DMOS(BCD)1h
EERETEHE, ASH LERT BESHREE (VCO) « HAENE. 458,
iR AR IR SR AT REAT SR BER R RERS, DEERNE s iR, =
EfFSWT:

O ERATARRAC BaLkME, FERK 277V (RMS) # AC 4% FHR1E,

@ AHNERBERIBES TR B EF ST R R PFOH AR
MOSFET B IGBT, 3#/E/TBEMIER BN RITH);

® EERFGJRVCORGMEARTHEATI, REFRLMEN 24,

@ WEITE (B TR, ERENME (4 02655) WETSI, THAS
FORE AR B

@ AELTBEMEBE, STERUSLTHEREEP,

RE TR, B R0 X mmRMieE veo MK, MTE4SEY
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Fig.5.1 Block diagram of UBA2070
# 5.1 UBA2070 &-5|HThAEE X
Tab.5.1 Pinning of UBA2070
3Hs | 75 ke IME | 75 Lt
1 CT JP &g b 9 FVDD | @EWHFXEEDLE
2 CSW VCO A 10 GH 0 R R T S B et
3 CF % B 11 SH 0 R IR AR
4 IREF HEBSE B IAA 12 ACM BAHHEAR S
5 GND 3 13 Lvs 17 H I BB
6 GL | (RS MR IR 50 284 L 14 VREF EXB RN
7 VDD | fkE e N 15 CS+ | ¥yt EMA
8 N.C. s 16 CS— | FHympEmEnBmA
5.3 HBIRHMIFY

F UBA2070 %+ 43 CCFL BB T4Em B A 5.2 FiZR. 300V B DC FIERTLAM AC
SBALBEBMRNEEERFERARBERTS. UBA2070 #9810 (GH) FM 6 (GL)
B R AR IR S B4 . D MBS AR PRI ThEEF 3 Ths H Tls, FHEZ R4
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Fig.5.2 Typical application circuit of UBA2070
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Fig.5.3 Driving circuit of UBA2070 with dimming function

5.4 LFIRE

5.4.1BEBNSES

WG, WLHMEES RVDD fEFxHAR CVDD 8. X CVDD LiysEEE
K45 13V i, UBA2070 PI#I VCO W FF 43R % . VCO FITR¥E Hi%E i IC MR 3 Sh R0 £
HE 7 CCF. %M Ref M 2 (CSW) FHHERE. £ICHH3 (CP kP4
BT RIE, RSB NEHFEN2 K. ICHK 10 (GH) M6 (GL) LMH I
¥ MOSFET (Tsh) FVE¥ MOSFET (Tis) TE&E, HHF S0%m5TEHE. S
HRFLEGRERERS (fmax) EE—MFXBZA, KRIFFXTs 38, ICHE
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PR B2 A3 Choot . FHFHIML BMESH—H 2B ASE CBRI M THEE -
DVDD ®ifi. 248 CVDD EHBEE IC K1 VDD, % IC BaiZ 51 THEEE.

UBA2070 WE BENIFERE, FALFHHAENMERNER B2 RACM
9 3 A P B R e i s JE ATk B M) . K ARSI B (R 40 ) i TE AR R R AR )6 25
%t (#56T71s)

5.4.2 mRE5HA

ERBBEE, BT IC ARM— MEERRNH 2 S RAR CCSW XH, #
MRS R, YRGB MERAEN, BrE— I EEE, EHBITERS
fEAT51H, HALERANE.

ITEEHERES, B -HE (DLVS]) ¥HEMEER (CLVS2) B, BICH
B 1 AR R AR R R, ®IHIT A KBIEZE VLVS (fail) BF (4 1.25V)
BlE. RETHEMEICHH 13 (LVS) EREEET VLVS (fail) , IC AHBIH e
S|EEE. TBE (KK HEEREZE IC K31 (CT) E— a2z hk, RE
FTREBE SKTIR, B EEEMITEITE, & KR 257ms. LEMNRRTIEN,
IC #18 CT EHIHAS CCT Bl 1mA MIBRFHAE OV,

VLVS (max) #4509 1.76V. SR BRIETEEEE IC HIB LVS EHSE ET 1.76V,
IC WU CSW L R BB R ¥ (3.1£03) V, HEH VCO MHIERE
BME. —EFEIABBAME, THSREK FEAMARS. EEERSRET,
IC AMKTFHRRAERSE (ACS) BRHAMA. REMFEN B2 Rsense FiHF
B EA R IC M CS+ LS E BT (B KERBIZE 5V) , ACS BEEHITIT BiF
EHERAE . #28 Rsense RYFHBFME 5 — M BIES] VCO, VCO Bt #iZ B35 MiT#
AT B
5.4.3 {THIERP

() T HEKER
MR KEER BN, IC B LVS LR R EE AR, FHIEE VLVS
(max) ¥ L. £/ LVS £, #E&ET VLVS (fail) FH, SAENEEZ. W
REREH BRI REEET IR, BEELRS, FEADEEBES, EREHHE
FFR (Ths R Tls) 8L, ICHB LVS FHBEREY. OV, WE 54 fiR, EHETE
R&ET, VDD &I 11V. HEBIFHE VDD BEF S48 E VDD (reset) (5.5V)
PUF B, Mg MIHER TR R,
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Fig.5.4 Waveforms of lamp fatlure during ignition state

(2) 1T R B R '
R CCFL £ E K BT HA6E)  BLaR, (T BB A&, I LVS R s E &8 VLVS
(fail) BF, WEFEBEFEAGKRE, REMTBRETEH5. WRT
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Fig.5.5 Waveforms of lamp failure during bumn state

(3) BAHEARY

UBA2070 i ACM #HB 57 BiE 47 B0 % RACM BRI BEEES, R
SMAEREFITRERE R . WREIEAT X8 A7 RACM LR BEEREL VCMD &
F, AP (CMD) SRR B EEE e, FHEEEA ST fnax.
FEhid iR, HF IC H03 CSW LR T OV Z A7, SRERFEI R VCSW .
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5.4.4 @NBEE .

ERE SRR £, R UBA2070 HXHED, FHBSIEERIEY
St ThE T AR (B b S O B TR IR SR A e ThiE. RSB AL E O BB WA 5.6
B
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Fig.5.6 Dimming interface circuit

AhEEH 0~10V E IR T8 fE 2 R A5 /K 38 /5 2 ) UBA2070 &9 11 31890 15 S1M,
W75 UBA2070 Ry B %A ER, AT EI LI SEEl 28 MO PR AL Thes.

ERALRP RN, Y8 FEMETETFERELTEEMEN, SR BRAE THD
Hemm. BRERZEET, THERE/D, RE THD EMA, BT BEMED, &
R RMA BT, FTUASLBMERPAENEE. EREFETH THD £
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ERETHE. E20%E, RENETERBTEEMEAEER, TERNERY ST,
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LR G, EHHERERENARERNTABRREN L. FREENEXD
B EA LR ZVS FFRRE, WM RERENRE, KB THENEN. RE
BN E AR R IFRIT BRI E L, ERTITRSEM®.

5.5 BEXEBSAHRE

A AN R BN B AR 2% T B i B R A IR LR B UBA2070 Wit
—BXES2R NI EERSE.
ST 4l iR THERR, BMERBA Voe=400V, f=45kHz. X7 LLETEH:

Vi =%><400V =180V (5.1
BAR BT A%
S =12x107% xR, xC; = 24kHz (5.2)

— B RATEER SO RIEMEREE 24kHz, BT EH REWE IR R R MR
#72.5 4%, Bk

S =2.5% fru = 60kHz (5.3)

(1) TG ER A o]

ATERTENERSS, RETRBFETER, EXNTERTHA. TEHRR
Rl LI AW

T, =17x10" xR xC, (5:4)

ERERMA(EH 1.0s, BARIITLIRE R, B39k, C 4 220nF. MERMNE
REHAREARLEES, TUATEHARTE.

T,, =10sxC /220x R, /39 (5.5)

(2) WAL BRI B

BT Re EHBHEBERETHREREMA, Ll SW ARHRTIAT A6, HEEH
B h B R R

1. =5W/400V =12.5m4 X (5.6)
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Fig.5.7 Waveforms of the input voltage and current
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