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Fig. 4 .  The circuit diagram of a class E electronic ballast 
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(a) Equivalent circ,arit. 
h' Er 

(b) Simphfied equivalent circuit. 
Fig. 2 The equivient circuit of the ballast. 

El. E, is: the w e t i z i n g  inductance of' Tx.  Since the 
vo%tage source VDC i s  shorted at hi 
To shpllpy analysis, we can make a dummy inductor Eg@ 
which is equivalent to Ll  paralleling L, in the high 
frequency circuit model. R represents the epivalent lamp 
resistance Wlamp, Tba bulk capacitor C2 dases not afYect 

the high Bquency operation, so it is shorted in the 
ene circuit, Pig. 2@). It is exactly a 

class E inverter. Before the is, the basic conditions 
must be mentioned: 
1. Assume the main switch and dl other components of 

the circuit are all ideal without any loss, so the efficiency 
ofthe converter is 100%. 

2. The load quality factor of the resonant tank must be 
high enough to generate a pure sinusoidal outpwt current 

3. The &ping ratio of the circuit is small enough so 
that the damping of the switching wave forms can be 
neglected. 

infinity to act a a 
constant current source. The inverter can be operated 
with a finite dc-€eed inductor [9,10]. 

[6-8] .  

4. The inductor Laq ne 

2) Circuit Operation: There are two stages of 
operations in the class E simplified equivalent circuit : 

Stage 1.) S1 is turned ofi Ll '  dischmged The 
equivalent circuit of this stage is depicted in Fig. 3(a) 
The supply current IDC and the output current Io p s  

Y Cr tl *, Lr p v 

c1 

1 
si  

I 

i 
0 

Fig. 4 The waveforms of&e class E inverter. 

t h u g h   cl^ The voltage across Cg, $7~1. $oms a tilted 

sine wave as shown in Fig. 4. 
Rage 2")S'j on, L l q  charged: The equivalent circuit of 

this stage is depicted in Fig. 3@). In this stage the supply 
current  ID^ and the output current Io pass through SI. 
The current across $1 fonn a tilted sine wave as shown in 
Pig. 4. 

With the h d a y  conditions for VCl : 

Where w 2 d S  and & is the switching frequency. cp is the 
leged lsad angle when the output current passes through 
the resonant network Lr-Cr-R. tOn==(1-D)T, T and D are 

(a) stage 1 - SI off 

I A i 

(b) stage 2 - S1 on 

Fig. 3 Equivalent circuits representing circuit operations 
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the switching perid and duty cycle, respectively. 
The V(:l wave form can then be solved as: 

The instant when the maximum switch current occurs is 
obtained by sa)lving: 

The 1osd angle cp cm be found n u m e ~ c ~ ~ ~  from (4) when 
the duty cycle is not 50%: 

P 
(1- D) sin( we,,+ 0) +-[cos( o ton+ up) -cos 91 = 0 

2n 

The oulput cwent Po can be calculated by solving: 
(4) 

The output lamp resistor R can be determinied from the 
zsumpition of ingut/output powa equality, as a first-cut 
estimate. 

C 1 can 'be found by observing no DC voltage ilcross L 1' 

Once the circuit parameter has been determined, the 
stress of SI can be found by solving the instant 

when the m i m u m  VCl occurs. 

Then the peak voltage stress is 

In the second stage, the current passes through S1 can be 
mathematically expressed as: 

Pig. 5 shovvs 6a.n electronic ballast &sign for B163VkC 
input. The m;.nit~h stresses versus duty q d e  I1 from 0.5 to 
0.2 when L1' lis infinite and 0.9d, resywctivdy. 

the switch. For example, the voltage and cunrent rating Q 

W740 is 4QOV15.5A. Ethe output power i s  4BW, usiially 
cuirrc:nt of the switch is 1A, much lcrwer thai 

5 5 4 .  Thus in class E ballasts we c m  transfer the voltage 
stress to the current stress by low duty cycle o]xrattlon. 

For single-stage electronic ballasts, a front-ended 
discontinuous indudor current mode (DICAQ power factor 
~ o ~ ~ ~ ~ o n  is needed. The discontinuous inductor can 
conP;i&eed as ILx in the class E electronic balllast in Fig. 1. 

The inductor I.1 has a critical value when ope:rating at the 
boundary of continuous and discontinuous mode: 

The voltage conversion ratio: 

where V,, is the: maximum value of input AC voltage. 
V b s t  is the b s t  power factor comector output DC 
voltage. In this circuit V b t  is the DC component of 
VCI in stage 1. 

then 
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@2 must be large en 
p w s  decrease. 

to hold up the power while input 
The mimimum vdue of Vc1 can be 

P 
c 2 = < F  

2 

 ere AV is the peak to peak ripple of Vi-2 and q is 
the AC source angular frequency. Fig. 6 and Fig. 7 shows 
the Mhst output current with large C2 and small C2, 
~ e ~ ~ ~ v e l y ,  Qbvicpus~y, a Barge C2 cm avoid the twice 
Pine-fiquency flickers which cause the low qd i ty  
lighting and shorten lifetime of the lamps. 

At the discontinuous operation, neglecting the high 
order terms, the approximate average input current can 
expressed as: 

where I,, is the maximum value of input current Is. The 
input current versus duty cycle is shown in 

Fig. S. The p w r  m o r  varies with duty cycle is given in 

3 ,  1 

-I .5 2 2.5 

x lo-$ time (sec) 

3 

x -Ius time (secj 

~ e f O r m s  of SI versus D. 

, ! -  . 

Fig. 6 The output current with large C2. 

r 0 . m  s * w  %if1 STOP 

...... j ........ 

......... ......... ..... 

I 

Fig. 7 Linsfiequency flickers caused by small C2 
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Fig. 9. The Pow duty cycle s ~ ~ ~ t ~ ~  deteriorates the 
factor, but still higher tlhm 0.95, 

A 40W fluorescent lamp ballast adopting the proposed 
vdopd.  Circuit pameters  of the 

experimental ballast are: 
L1" 0.9rmE1, C1= 14.7nF, 
L,, =2&, er= 4d3, 

~~~~~~~~~~ 

e,- 68uF, 
Tx turn aatis--l:l.25, Vs= 

w 0 . 3 .  
The recorded voltage and current: wave forins of SI me 

shown in Fig. lO(a). The discontinuous current wave 
form of inductor L1 is show in Fig. 10@)1. The input md 

ctively. The maximum 

S 1 :IRF83O, fs=5 

current wave f o m  of the 

V. The inieasiired input 
wer .factor is 0.99. 

Is 

"0 0.002 0.004 0.006 Q.lUOB 0.01 
time (sec) 

Fig. 8. The input current ver:ms D 

0.2 0.25 0.3 0.35 0.4 0.45 0.5 
duty cycle D 

Fig. 9. The power factor VHSUS 
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Fig. lo(a) The voltage and current waveform of SI.  
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Fig. PO@) The discontinuous current of L 1. 

Pig. Iqc)  %e input voltage and current of the ballast. 

Fig. 10(d) The output voltage and current ofthe ballast. 
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