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                                ABSTRACT
This paper explores  the characteristic of the fiuorescent Iamp operating in high-frequency range,  The
fluorescent lamp actually  characterizes an  impedance consisting  of resistance  and  capacitance,

which  ls seriously  dependent on  the lamp current, operating frequency, and  lamp voltage.  A novel

soft-starting  strategy  for pre-heating and  igniting the fluorescent lamp is proposed. A  half-bridge
series-resonant  inverter (HB-SRg) is employed  as  the eiectronjc ballast to verify the system

performance. A soft-starting  controller  <SSC) is implemented to realize zero-voltage  switching  for the

power switches  and  Iower igniting voltage  for the [amp. Mathematical modeMor  the lamp betore and
after firing is built. A  design  example  realized  by the HB-SRI  is conducted,  and  the experimental  result

and  the simulation one  are close to the theoretical predjctions,

1. Introduction

 The  advent  of  the high-frequency electronic  ballast has
contributed  great energy  saves  in our  life, Accordingly, the

efficiency  of  fluorescent lamps operating  at frequencies

above  25kHz is 10-15% more  than that at 60Hzi}. Besides,
the electronic  ballast alsQ offers numerous  advantages  better
than the magnetic  ballast, such  as reduced  fiicker, Iow

audible  noise, small  size, high power factor, and  dimming
capability6), Generally, the description of  the fiuorescent
Iamp is always  modeled  as a pure resistance  after  firingb'3),

In fact, this assumption  is not  true when  the  fluorescent

lamp operates  in the high-frequency range4)'S), Furthermore,

the starting  operation  is still the most  important task  for

firing the fluorescent lamp, because it can  generate
considerable  destroy at firing instant to shorten  the lamp

life. To raise the lamp  life, researchers  suggest  lots of  soft

starting methods  including supplying  a low voltage  (about
3,5V) for the filament or shorting  the starting capacitor  on

the lamp  to heat the filaments approximately  at 850 
"C

 in

1.1 seconds9). The  objective  of  this paper is to develop a

pre-heating control strategy  and  find a complete  model  of

the fluorescent lamp  in high-frequency operation,

 The  important feature of  the lamp  under  nominal

operating  conditions  is also outlined, The  proposed  new

soft-starting strategy  for pre-heating the  filament can  soft-

start  the  fluorescent lamp  and  reduce  its starting  voltage.

The  pre-heating strategy  is realized  by a  high-frequency

resonant  inverter driven by  a variable  frequency train from
high to low. The  organization  of  this paper is as  fo11ow.

Section II presents the modeling  of  the fluorescent lamp,
Section UI analyses  the hal"bridge series-resonant  inverter

for the fluorescent larnp. The pre-heating strategy  of the

soft-starting is outlined  in section IV. In section V, a design
exarnple  is conducted,  and  ils experimental  results are

compared  with  the computer  simulations  with  the

aforementioned  model  of  the fiuorescent lamp in section  VI,
The final section  summarizes  the conclusion.

2. ModeEingtheFluorescentLamp

 The construction  of  the fiuorescent lamp is formed by

plasma fulfilled in the tube as shown  in Fig. 1. With gas-
discharging phenomenon, plasma ionization is built between
the two  electrodes  of the lamp and  then achieves  luminance
in the fiuorescent jampiO}'ii).

 The lamp in normal  operation  (fu11 luminance) behaviors
almost  a pure resistor; but its impedance is seriously

changed  out  of fu11 luminance due to the operation

frequency changed.

 Due to the physical similarity as a capacitor,  the
fluorescent lamp inherently includes capacitance  and  is
significant in the high-frequency range4)'5}. In this paper, a
half-bridge series-resonant  inverter (HB-SRI) is used  as the

ballast to explore  the characteristic  of  the fluorescent lamp
in high-frequency operation.  The Iamp is parallel-loaded in
the HB-SRI. The series resonant  tank in HB-SRI  consists  of

a  starting  capacitor  C, across  the  lamp  and  a inductor L,, The

circuit of  the presented ballast is configured  in Fig. 2, The
test scheme  fOr finding the relative parameters of  the lamp
characteristics  is outlined  in Fig. 3, in which  a universal

power analyzer  is used  to measure  the resistance  and

reactance  (R-ijX) in the fluorescent lamp, The  capacitance  of
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the lamp  can  then be acquired  from  the measured  X.
Typically important parameters ot' the lamp are measured  in

Fig. 4, in which  the lamp resistance  and  lamp capacitance,
lamp voltage  and  lamp current  versus  switching  frequency

are  explored.  From  the  test data in Figs. 4a  and  4b, we  have

the description for Rep,

  R,,(fL,)=3.g6*lo"4L,"-6.23*lo'Yl] (1)
        +3,64*10'4f,!--g.3sf,+s.gs*lo4

 and  Ccp as

  C,,{,fl,)==-2,Ol'10'2fifl,4+2,94'10'2ifL] e)
        

-1.56*10']6L2+3.33L-1.76*10-S

 Remarkably,  the larnp capacitance  Cc, is seriously

dependent on  the operating  point of  the lamp and  is a

function of the lamp current,  operating  frequency, and  lamp
voltage,  Thus, the impedance of  the fluorescent lamp is
really frequency- and  current-dependent  after firing. The
explored  capacitive  behavior in the lamp will affect the

generating ignition voltage  across  the two electrodes  of the
lamp  by changing  the parallel capacitance  (combining with

C,) on  the lamp. The proposed model  is then  of advantage  in
high-frequency application.

Fig. 1

Fig. 2

elcctrod/'1 clectK]de2

        

The configuration  of gas-discharging lamp.

Zv
Clc

±

Circuit topology of HB-SRI  eiectronic ballast with
sott-starting and  pre-heating controller.
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Measured characteri$tics  of a typical FL 40D-
EXf38  fluorescent Iamp  with  respect  to the

operating  frequency, (a> lamp impedance, (b)
lamp  capacitance,  (c) lamp  voltage,  and  (d) lamp
current  (measurement: xxx, simulatjon:  ooo).

 The equivalent  circuits  of  the electronic  ballast before and
after firing are respectively  depicted in Fig. 54)'S). In Fig. 5,

the driving voltage  v,,(t) from the switching  devices (Si and
S,) can  be defjned as
                    rr

          V,, 
OSt<IIr

 (3)
  Vd(t)=  

sc
 iX

        
-Vc,,

 
-sts-

              cos tu,,
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 Before firing, the lamp behaves high impedance  and  only

the lamp  filament resistance  e is considered  in series  with

C,. The  equivalent  circuit in Fig, 5a has the input impedance
Zil,

 Z,,=Rf+J(oL,-tulc,) 
(4)

 where  R,=2r,, q  =  starting capacitor, In this case, the

resonant  frequency o,, befbre firing can  be given by

1
(D,,=wwec"--

The  circuit quality factor ei is given by

e, 
=

 
Mfi['

 
=

 .,,i, R,

Vd

L'R  =27

   +

   V.fl

(5)

-El]rL ct/t

(6)

Zii

LF(a)

+

1IT vmR/p-

zi?

(b)

       [s.;
vd gb/ 

ti'

 
i<i,
 

R,.

C, + cti,

C/･s

 +CVi2

 s

Zi2

(c)

  Fig.5 The  equivalent  circuit  models  of the fluorescent

        Iamp  (a) before firing, (b) after firing with R,,1/q,

        model  and  (c) after firing with R,,-C,, model.

 The peak voltage  i71, of  the lamp starting voltage  vm  (t) on
the starting  capacitance  q  can  be estimated  as V)i =CTVh  at

resonance,  in which  Vh=(4/z)(VY2). Remarkably, the

maxirnum  starting  voltage  for firing the  lamp  is seriously

dependent on  the physical geometry  of  the lamp, The

normalized  magnitude  of  the lamp starting voltage  v.(t) to a

constant  amplitude  driving voltage  v,(t)  can  be given by

"i(jtn)notu) l

J-co2L,C,}ja)RJC,

-je,cO,1..t.twwco

i+JQj(.co.,LOto'')

(7)

3

 After firing, the  equivalent  circuit  of  the fluorescent lamp

can  be described as  either  a  series  form  of  R,,-C,, or  a

parallel fbrm of  R,,YfC,,, as shown  in Figs. 5b and  5c,
respectively,  For parallel combination,  the  input impedance

242 in Fig. 5b can  be described as

                  1

  Zi, 
=
 jmL, +R,p  1/

              y'eo(C,,,+C,) (8)

    =ioL,+  
Rtp

          i+ja)R,,,Ci.

 where

  
Ro'
 

==

 
R'"+o2cl,'R,,

 
(9)

         Ct, (lo)
  
Ctp

 
=

 ]+afcE,2R, Jt
  cg  =c.,+c,,,,  (11)

 The resonant  frequency (D,, after firjng can  then be
expressed  as

              l (12)
Ot2=

     L,[1+co2R,p?(Cij,+Cn'ut2R,p2(Cfp+c,)y]

 Since the lamp equivalent  Rtp and  C,p are frequency-
dependent, the resonant  frequency tu,, would  be a  variable

and  not  a constant.  Fig. 6 shows  the relation of  the resonant

frequency versus  the switching  frequency, in which  the

resonant  frequency is not constant  at luminance and  varies

in proportion to the switching  frequency. The  circuit quality
factor e, in nominal  luminance is then given by

Q, =:cor2Lt
 b+os2 Ri, (Cf, +C,  Y l

         Rip

=a)2Rfp(Cfv+Cv)
     tur2

(13)

 In this case,  the normalized  magnitude  of  the lamp  voltage

v.(t) in steady  state to a constant  amplitude  driving voltage
v,t(t) can  be described as

V,,(jM)L(jat> 1

b-a)iL.(c

1-

,, + C., )]+ J' 
coR:,i'

   gg
.l

1+ooiR,!,,(C

+jCtoee,i)[

fl,+C.)Q,1

1+tuiR,i,{Ctt,+c,)?]

(14)
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 The lamp voltages  of  the HB-SRI  electronic  ballast in
frequency domain  before and  after firing are  shown  in Fig.

7a and  7b, respectiyely,  Fig. 7a is for pre-heating the lamp

filament. The  pre-heating frequency can  be set  in the high-
frequency range  such  as  from 120kHz  near  to 40kHz,  where

is the  resonant  frequency. But for Fig. 7b  is i]or nominal

operation,  the switching  frequency is always  set larger than

the resonant  frequency tu,i,

:' 3g.･gE.:3

                  S-'Lk'hLitul･'ce-te,/cy/kHri

Fig,6 The switching  frequency
      frequency after firing.

Fig. 7
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of  the  HB-SRI

 and  (b) after
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3. HalptBridge Series-Resonant Inverter for the

    FluorescentLamp

 The  presented HB-SRI  in nominal  luminance has four
resonant  modes  including two charging  states and  two zero-

voltage  transition states during one  switching  cycle. The
HB-SRI  is operated  at  continuous-conduction  mode  (CCM)
with  the switching  frequency higher than the resonant  one

a),, 
i}'2).

 The equivalent  circuits and  resonant  states are

depicted in Fig, 8. Their waveforms  with  respect  to the  four

modes  are shown  in Fig. 9. The  steady-state  resonant

behaviors to the  four equivalent  eircuits  are  respectively

described in the following.

Fig. 8

'to

v

h

Vn

(a)

!l

         (b)

t

(c)

(d)

Four equivalent  circuits  of HB-SRI  electronic

ballast for (a) mode  1 [t,, t,], forward charging

state, (b) mode  2 [t,, t,], zero-voltage  transition
state, (c) mode  3 [t2, t3], reverse  charging  state,

(d) mode  4 [t,, t,], zero-voitage  transition statee
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Fig. 9
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The simulated  re$onant  waveforms  of vbsand  iL,.

 1) Mode  l [ t,,t, ]: Forward  charging  state

 As  shown  in Fig, 8a, when  S, is on  and  S2 is off, the
ballast current  i,,(t) is charging  through the lamp and  the

starting capacitor  Ck, The  ballast current  i,,(t), lamp current

i,(t), and  lamp voltage  v.(t)  across  the lamp are given by

tL,(t) =  e, +  [- e, +  i,,(t,)]e'oti costudt

    +[L  
ctRZ,,i

 +on,.(to)  + 
t{h
 
-Z;

 
(to)]

 
eto':

 smmdt

it (t) 
=

 k/ +  2a lat,ee, iL, (to ) +  c,vc: (to) 
-
 vL,cl ]7 

'"'
 cosa)at

    +Ple'tusinutdt

where

  ui  fcoo!ccp 6ti mvq (to)) 1Bi-EEI'l+2oL2e.{t,)Re,ecl,-cc,)-C,vc:(te)TXiClll

 and

  v.(t)=v.;(O=V}+I-ltt+vc:Ct,)}l"ntcoscodt

      +[-av,  
-av./

 <t,)+ 
iL

£?)] 
e.'l

 sinco,,t

 where  the damped frequency m,.

frequency co,=4  L,c: and  the

a=lt/2R,,C;

(15)

(16)

(17)

(]8)

ViF6Ii, corner

 damping factor

 2) Mode  2 [ t, ,t,  ]: Zero-voltage transition state

 Since the switching  frequency of the ballast is designed to
operate  at the frequency higher than the resonant  one,  Si
turns off  when  i,,(t) reaches  to a nominal  value  as  shown  in

Fig. 9. During  the turn-off interval of both twQ  switches  SJ

5

and  S2, the inductor current  i,.,(t) will then free-wheel
through the body diode D,  as  shown  in Fig. 8b. It provides a
zero  voltage  across  switch  S2 before its turn-on  while  the

i,.,(t), it･(t), and  vr2(t)  can  be described as

`Lr(t)  =:  
:Rttf

 +[k/, +ib (ti)]e"pt cosco,it

    + [aRVij:i +otib (ti )+-ICi 
LLV,Cl

 
{tT)]

 
eco',"'t

 sina),it

it(t) ==  20L LRe,CfpiL,(tl) +  C,Vc: (tl)i!'n COStodt

   +B2e'"tsintn,it

wherep2

 ==  :l/-(iL, (tt)- 
Rtp
 
Cei
 lq 

(ti)
 mcr cR,t,

andv.(t).-xi+M+v."t,)P-tcostn,,t

    + [a vd -otvc, (t n+ ILi C:t] )] etu': sm  co tit

(19)

(20)

C,,,i,, (tP+ C.,vq (t,)1 
(2,)

(22)

 3) Mode  3 [t,,t,]: Reverse charging  state

 During  the mentioned  free-wheeling state,  S, turns on  at

zero-voltage  switching.  The  ballast current  i,,(t) is then

reversely  charging  through  the lamp  and  the starting

capacitor  q. The i,,(t), i,(t), and  v,,(t) can  be given by

tL,(t)  =  - RVC,i, +[k/,  +iL, (t2)]e'ca costurft

    +[aRV, 
b,
 rut.(t,)+-V}  

Ili,d"
 
(t!)]

 
eco'I

 sm  tu,t

it (t) 
=
 
-IIX',

 + ibt Efiev Cli,ik (t! ) + C, vc: (t2 ) + Yi c[ ]g'or cosa},,t

    +  BAeHT sinmdt

where

  -iJtu;c,,Gv,,-vc[(t?)) 1P]nEli'1+2crie.(t,)R.ec;-c,,)-c,vq(t,)-K,clY

andvn(t)

 ==  -Vk +  bCi +vc･ (t2)le 
""

 costu,it             ,T

    +[ctlt:, 
-otv,:

 (t,)+'Li !,t2)]e.'; sm  a} ,t

(23)

(24)

(25)

(26)

 4) Mode  4 [ t, ,t,  ]: Zero-voltage transition state

 When  S, turns off  at t= t,, the baHast current  i,,(t) is free-

wheeling  again  through  the  body diode D, as  shown  in Fig.

8d. The  iL,(t), i,(t) and  v,2(t)  can  be expressed  as

  tLr(t)=  t,p +[-RVtit +tb  (t3)]e"tu COSCDdt  (27)

     + [NgRVLIL+ouh (t, )+ll'L' 
TVLC,;

 
(tl
 
)-]
 :, sin tuat

77te Itluminating Eizgineering institute qfJmpan

NII-Electionic  



The Illuminating Engineering Institute of Japan

NII-Electronic Library Service

TheIlluminatingEngineeiing  Institute  oE  Japan

6

  i,(t)=2otla,,C,,i.,(t,)+C,vc(t,)1,'""costn,,t (28)
     +  P,e'tu sinco  

,tt

 where

  B4 =:(i,,(t"=RtPC'/'V,C:  
(ti)-ct(FLpC,FiL,(ta)+C,vq

 (tA)il 
(29)

 and

  v,i(t) z  Lli +  FV,i +vc･  (tpk'tu cos  tuat

      +[-{xzi -{xv,, lt,)+iLc(;i))eo'r ,. ,,,t 
(30)

 Substituting (1)-(2) into (15)-(30), we  have the simulation

results of lamp voltage  ve2(t)  and  lamp current  iE(t)

versus  operating  frequency as shown  in Figs. 4c and  4d.

Accordingly, the complete  resonant  waveforms  of v., (t) and
ii.,(t) are simulated  and  displayed in Fig, 9.

4. Pre-Heating  Strategy for HB-SRI  Fnuorescent

    Lamp

 Generally, the electronic ballast system  so  far requires  a

higher staning  voltage  to ignite the fluorescent lamp. It then
results in high voltage  stress,  higher EMI  to shorten  the life
of  the lamp6)'S). To  reduce  the highly impact upon  the lamp,
a soft-staning  controller  (SSC) for gradually firing the
fluorescent lamp  is proposed. The  system  diagram of  the

control  strategy  is shown  in Fig 10. The  presented SSC

consists  of  a  voltage-in  ramp  generator (VIRG), a  voltage-

controlled  oscillator  (VCO), a  pre-heating and  firing control

timer, and  a  driver with  dead-time control. The realization

circuit  of  the SSC  is shown  in Fig. Ila, in which  the

voltage-in  ramp  wave  from VIRG  is applied  to the VCO  to

produce a  triangular wave  with  variable  frequency from
high to IQw, as  shown  in Fig. 11b. The output  of  the VCO
then  splits  into two control signals with  proper dead-time
for gating the power switches  as shown  in Figs. 1la and
1lb, whose  truth table is shown  in Fig. 1lc. The variable

voltage  ViJn Fig. 1 lb is used  to adjust a proper dead-time
between the two  control  signals  formed by a D  Filp-Flop.
The  strategy  of  the SSC  is to initiate the lamp with  a

variable  frequency from  high to low, which  assures  that the

pre-heating process is gradually achieyed.  As the operating

frequency of  the SSC  is close  to the resonant  frequency tu,,,
the larnp voltage  will then rise up  to the igniting level te fire
the fluorescent lamp. The required  igniting voltage  for the
lamp is strictly dependent the pre-heating profile from the
SSC.Voltage-inramp

  generator
vco

Fig,

Drivervvithdead-t{me

 centrolGlG2

Preheating  and

firingcontrel
   tlmer

1O The  structure  of the soft-starting  controller  {SSC).

Tlte Illuminating E)tgineering Institute qf.lapan
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                     (c)
Fig. 11 (a) The  realized circuit of the SSC,  {b> gate pu[ses
      for the power switches,  and  (c) truth table of  the
      dead  time control.

5. Designconsiderations

 According to the aforeme"tioned  analysis, we  can  find the
relative pararneters from Fig, 4 with  the considerations  of

the required  lamp current, lamp voltage, and  switching

frequency. In this paper, a prototype of  a  4eW  electronic

ballast with  soft-starting control  is designed and  realized,

We  use a fluorescent lamp FL-40D138 produced from China
Electric Mfg,  Corp. as the experimental  target. From the
data sheets,  we  find that the lamp  current  is 41 OmA  at  rated

power  of  38W.  In this design, we  preset the  rated  output

power is 35W  and  from Figs. 4c and  4d, the relative data are
lamp rrns current  L,=330mA, lamp rms  voltage  V}=105V,

and  operating  fi'equency rt=39kHz, The  specifications  are

giyen in the following: input dc yoltage  K,=380V from a

PFC  with  power factor20.95, operating  frequency o'f the

NII-Electionic  
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SSC  initiating from 100kHz-)50kHz,  starting  voltage

550Vp.p, nominal  operating  frequency 39kHz, temperature
rise below 30"C, current  crest  factor <1,7,  total harmonic
distortion s  15%. Firstly, we  preset the switching  frequency
for firing the lamp is at  A.=50kHz and  we  let the required

starting voltage  be 550Vp.p, The filament resistance  r, =4-69

and  would  be 4-5 times after heating, and  we  presume K･
=509,  From  (7), we  have, in starting state,

                            '

  /'((/"ato))) 
L-

 iti
5ti:

 
==i'i4=

 p-a)2L,ci+fo)R,c,F 
(31)

 After firing and  in nomnal  operation,  we  have fbund the
equivalent  parallel impedance R,/p=3449, and  Cep=3,14nF.
From  (14), we  have, in steady  state,

  
Vv:i,2iJl'({iDi))

 
=

 /il
03tllSt
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2

 
(32)

 Combining (3l) and  (32), the derived parameters for this
design are given by L,= 2.11 mH  (use 2.05mH) and  C,= 8.6
nF  (use 8.2nF).

6. Simulationandexperimentatfion

 In this paper, a  40W  ballast with  pre-heating strategy  is
realized  to estimate  the perfOrmance of  the fluorescent }amp
and  to assess  the proposed model.  Based  on  ANSI  C82.11,

the pre-heating time G for a  rapid-start ballast should  be

greater than 500msec. In this design, we  assume  the
required  starting  time  ts =1  second  and  use  the model  of  Fig,

5a for evaluating  the proposecl pre-heating strategy. The
frequency for pre-heating the lamp filament is designed
changing  from  100kHz  to 50kHz, Since the filament
resistance  n will increase with  the temperature rise, we

assume  the final filament resistance  R, =4  × 2b･, The

simulation  response  of  the lamp voltage  by Fig. 5a befbre
firing is clearly shown  between O and  1 second  in Fig. 12a.
When  the lamp 'fires

 at t =1  second,  by Fig. 5b, the
simulation  response  of  the lamp  voltage  is shown  after  t 21

second  in Fig. 12a. The  soft-starting lamp voltage  is

measured  in Fig, 12b, The simulation  and  experiment  results

are  quite the same  each  other.  The  actual  pre-heating time
measured  is 1.04 seconds  and  the  starting  voltage  is only

550Vp.p. By computation,  the resonant  frequency is
38,82kHz, the circuit  quality factor Qi =  41.74 when  R,
=509.  The lamp current  is also  measured  and  shown  in Fig,
12c. Due  to properly pre-heating, no  high current  spike

occurs  at the ignition point.
 Furthermore, the proposed ballast can  operate  in the
frequency range  from 30kHz->55kHz, in which  the

corresponcling  output  power changes  from 40->12W, the

equivalent  parallel resistance  R,p from  2259-1,6kR,  and

the equivalent  parallel capacitance  C,p from

7

5.24nF-O.61nF. With  the model  of  Fig. 5b and  the

estimated  parameters R,p=6729  and  C,p=I.57nF  at

A,=50kHz, v,2(t)  and  i,(t) are simulated  with  (15)-(3e) and

shown  in Fig. 13b, The  wavefonns  of  if.(t), v,2(t), and  iL,(t) at

A=50kHz are measured  in Fig. 13c and  13d, respectively.  It
is clearly  seen  that the simulation  result  with  the proposed
lamp  model  in Fig. 1 3b is more  close  to the measured  one  in
Fig. 1 3c. There is only  small  phase difference between e,,2(t)
and  i,(t); but for v,2(t)  and  i,.,(t), an  ebvious  phase difference
exists. Besides, the simulation  by the resistive lamp model  is
also  shown  in Fig, 13a for comparison  and  its reality is so
different fl/om those shown  in Figs. 13b and  13c,

Fig.

t6beEzfiA

400300200100

-tao-2oe-3oe-400
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e500  looe(a)1500ue.P,
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-GND

                    -
                   igt:iting

                  (c)

12 Starting voltages  of  the Iamp  under  SSC  mode,

   (a> simulation  and  (b) experiment,  (Ver: 1OOVfdiv;

   Hor: O.2 secldiv); (c) experimental  Iamp current

   (Ver: 200mA/div; Hor : O,2 sec/div>.
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(c)

GND
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               (d)

13 Under  test conditions: Li= 2.05 mH,  C,= 8.2 nF,
   and  operation  frequency =  50kHz, (a) simulation,
   Iamp  voltage  lt2 versus  lamp current,i,with

   general Iamp model  (R model),  <b) simulation,  va2
   versu$  i, with  the proposed lamp model  {RipUCrp
   model),  Cc) experiment,  vt, versus  i, with RiptlCip

   model,  and  (d) experiment,  lamp voltage  vr2

   versus  inductor current t, with R,p"qp model
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         <Voltage, Ver: 501div; Current, Ver: 200mAldiv,

         Hori 5psec  /div).

7. Conclusion

 In this paper, a complete  model  of the fluorescent lamp

before and  after  igniting is proposed. The lamp

characterizes  an  impedance  consisting  of  the  resistance  and

capacitance  when  operating  in high frequency range.  A  soft-

starting  strategy  is presented for reducing  the ignition

voltage  of  the fluorescent lamp, A  zero-voltage  switching

technique is applied  to raise  the ballast power  efficiency,  In

this paper, a  design example  realized  by the HB-SRI is

presented to assess  the ballast performance, Due  to the pre-
heating strategy,  the fluorescent lamp can  be ignited

smoothly under  lower starting voltage  below 550V,.,, which

can  reduce  discoloration of the lamp,
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