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Abstract — Studies about the integration of the PFC stage
with the dc-ac conversion on electronic ballasts for
fluorescent lamps are presented on this paper. The
extension of the Moisin’s topology is made for the use of a
full-bridge rectifier stage. The design procedures
developed are also extended for the continuous input
current charge pump power factor correction (CIC-
CPPFC). The analysis is focused on reliability, simplicity,
and lowers the component count for electronic ballasts.
Experimental results from a prototype designed with the
methodology developed on this work, are also shown.
Showing the simplicity for achieving high power factor of
the proposed methodology, experimental results of
several integrations applied on commercial electronic
ballast will be presented on the final version.

|. INTRODUCTION

Fluorescent lamps have negative impedance
characteristics in the desired operation region [1].
Therefore, they cannot be connected directly to the utility
line, but require some form of current-limiting control to
prevent their destruction by excessive current, i.e. ballast.
The ballast must provide the operating and starting voltage
and also limit the lamp current.

In order to obtain compact electronic ballast and
eliminate undesirable characteristics like audible noise,
flickering and stroboscopic effects, the operating
frequency must be raised. In the case of fluorescent lamp
operating at high frequency, the luminous efficacy
increases by about 20% [2], which reduces the energy
consumption of the system.

The high-frequency electronic ballast converts the
utility line frequency to high-frequency output. Normally,
it consists of a full bridge diode rectifier and a dc-ac
inverter operating at high frequency to drive the lamp.

With no power factor correction (PFC), the current
drawn by the ballast from the utility line will contain
significant harmonics, and consequently will operate at
poor power factor [3]. A simple solution to improve the
power factor is adding a passive filter. However, the
passive filter is inefficient and heavy since it operates at
the line frequency [4].

The usual solution to meet the line input current
harmonics and improve the power factor is the addition of
a second power processing stage, called the PFC stage. In
this solution, an active power factor correction stage is
added. Normally employing the discontinuous current
mode boost converter, as shown in Fig. 1, these stage
make the line current naturally follow the sinusoidal line
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voltage waveform [5]. The PFC stage also generates a
regulated dc bus.

However, the two stages approach increases the cost,
besides reducing reliability and efficiency [6], since the
power is processed twice.

To relieve these shortcomings, several single-stage
electronic ballasts have been proposed [7]. The main idea
is that the PFC stage and the inverter share a common
switch so one switch and its controller can be eliminated
and the cost is reduced, as shown in Fig. 2. The use of this
solution brings some drawbacks like high dc bus voltage
stress during the lamp start-up, so high-voltage rating bulk
capacitor and power switches have to be used.
Additionally, the use of self-oscillating command is
inviable due to one of the switches take the current not
only from the inverter but also from the dc-ac inverter.

In this paper, atopology, proposed on the U.S patent
5.691.606 [8] by Moisin et al., which overcomes the
drawbacks of the previous solution is extended for the use
of afull-bridge input rectifier and design methodology are
developed with practical results. The analysis shows that
the CIC-CPPFC [9] concept can be derived from the
topology proposed, so new design procedures for this kind
of converter are developed. Proving the simplicity of the
proposed design methodology, results coming from the
integration of several commercial electronic ballasts will
be shown
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Fig. 1 — Electronic ballast with PFC boost converter.

\lsz

Cd Lr
it = Cb

¥

D1 D2
lamp
g

(’\?: Filter

D3IAx D4gxn

S1 cr

o e

Fig. 2 — Integrated single-stage PFC electronic ballast.



[1. PROPOSED TOPOLOGY

A.  Circuit Derivation.

Thetopology proposed by Moisin et al., thereforein this
paper called Moisin’s topology, is shown in Fig. 3. The
circuit includes a feedback capacitor (Gy) which provides
afeedback path for a portion of the high frequency current
to the rectifier. The feedback capacitor reduces the non-
linear characteristics of the input rectifier, thus providing
amost a linear load on the input power supply. The
inductor L, reduces the input current ripple minimizing
theinput filter' s (L¢+Cy) volume.
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Fig. 3 — Topology proposed by Moisin et al.

While 4 is positive, the circuit can be represented by
its equivalent shown in Fig. 4a). Replacing the inverter
and the resonant tank by a high frequency current source
and ignoring the ripple on the dc bus voltage, the circuit
presented in Fig. 4(b) can be obtained. The voltage source
[Vgl can be replaced by a full-bridge rectifier as shown in
Fig. 5. Therefore the structure can be used in 220V lines
without the drawback of the high dc bus voltage present on
the original topology.

The capacitor G, can be shifted to parallel with Dy with
no effects on the input current at all and the resulting
circuit is presented in Fig. 6(a). Although the absence of
the diode Dy, the circuit derived from the original topology
has the same operating characteristics of the CIC-CPPFC
[9], shownin Fig. 6(b).

B.  Unity Power factor Condition.

In steady state analysis, three assumptions are made on
the circuit shown inFig. 7:

The voltage across Cy, is assumed constant.

Due to the presence of the input inductor Ly, the current
iy IS continuous.

The switching frequency is much higher than the line
frequency so that the line voltage can be assumed to be
constant over aswitching cycle.

Two topological stages exist in one switching cycle in
steady state, as shown in Fig. 8. The main switching
waveforms are presented inFig. 9.
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Fig. 6 —Comparison between the extended and the CIC-CPPFC
equivalent circuit.

Fig. 7 — Circuit under analysis.

During the first mode (Dy-off) the rectified input current
is:
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Fig. 8 — Two topological stages of Fig. 7.
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The average rectified line input current is equal to the
average inductor current over a switching cycle and is
given by'

——(}(t)it——ggx(t)iﬁo @)dt- 3
o
After substituting (1) and (2) into (3), the simplified
solution can be found:
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Where: n=—2,
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and P, V, are the output power and line peak voltage,
respectively. Unit power factor can be obtained
wheny =0, whichis:

i v,
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Under the condition of (5) unity power factor can be
obtained since (4) becomes proportional to the line input
voltage. The dc bus voltage is approxi mated by:
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C. Extension of the topology for a electronic ballast

1
Since the series resonant paralel-loaded tank %a)n be
considered a high frequency current source, the electronic
ballast obtained is shown inFig. 10.
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Fig. 10 — Electronic ballast derived from the analysis of the
Moisin’s topology.

11l DESIGN CONSIDERATIONS

The objective of the design is to choosethe best value
of ‘n’, and consequently find the values of Vg, G, and the
input inductor L;,. Taking the dc bus voltage as a limiting
parameter, the value of ‘n’ can be obtained employing (6).
Operating under unity power factor condition, the
instantaneous i nput power is:

Pl z T =g~ cos(np ) g @)
Taking the average over one half line cycleyields:
V 2
B (1) = 55 € cos(p ) ®)
Since P hPm , Gin can be obtained manipulating (8):
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The value of L, can be found trough the relationship

between the switching frequency and the resonant

frequency defined by L, and Cjj,.
hv?

L =—>+—Lt— 10

in 4n2p2f;Po ( )
|V EXPERIMENTAL VERIFICATIONS

To verify the proposed power factor correction

topology, a 2x40W proof-of-concept prototype was built.
The schematic diagram is presented in Fig. 11. Fig. 12
shows the dc bus voltage as afunction of the ‘n’ parameter
for the electronic ballast proposed. Choosing »=0.6 the
dc busvoltage is approximated 390V .

Operating at 40 kHz with 110V rms line input the
circuit parameters are the following:

Lin=3.6mH L,=1.81mH Cy=150nF

Cn=18nF C=15nF Co=47uF
The experimental results are:

P.n=84wW PF=0.989 THD=13.18%

CF=1.65 Vp=390.8V ?=91.3%

The measured line input current and its harmonic
spectrum are presented in Fig. 13. The line harmonics
components satisfy IEC 51000-3-2 for lightning
applications. The measured lamp current is shown in Fig.
14 and the measured crest factor is about 1.65. The Lp
current is presented in Fig. 15. The current ripple is very
small when compared with the traditional DCM solution
for PFC. Fig. 16 presents the switch voltage and current
waveform, as can be seen the inverter operates at ZVS
reducing the switching losses. During the startup process
the dc bus voltage increases due to the rising of the
resonant tank current. This characteristic can be avoided
with the use of self-oscillating drivers on the inverter
stage.

Investigating the commercial feasibility of the proposed
topology, commercial ballasts available on the market
were tested. With power ranging from 1x40W to 2x110W,
every ballast tested could attend the IEC 51000-3-2. Fig.
17 shows for the input voltage and current for the 1x40W
ballast before the insertion of the PFC circuit proposed.

On the 1x40W €lectronic ballast the following

components were added:
L=77.3mH Lin=4.1mH
C=27nF Cnr=15nF

After the inclusion of the circuit, as shown in Fig. 18,
the input current could clearly satisfy the IEC rules. The
input current THD in this case was reduced from 142% to
11.92%. The same characteristics can be observed in Fig.
19 and Fig. 20 where the results for the 2x110W are
presented. For the 2x110W electronic ballast the
parameters are as follows:

L+~=14.6mH Lin=0.475mH
C#=100nF Cin=68nF

The input current THD was reduced from 139.8% to
28.7% resulting the rise of the total power factor from 0.63
to 0.972. Fig. 21 shows the dc bus voltage during the
startup process.
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Fig. 11 — Diagram of the prototype implemented.
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Fig. 12 — Dc bus voltage as a function of the ‘n’ parameter.

Tak Rur: 500k5/sI sra.rnpla

K]

.

N
—_

I\_ }j'r Vin: sqv/div

lin: 50gmA/di

tht  50.0V fi2 S00mAQ M2.00ms Chi 7T v

12.9%

11.6%

10.3%

9.0%

7.7%

6.4%

5.1%

3.9%

2.6%

1.3%

0.0%"' T
2 4 6 810 1214 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50

Harmonic magnitude as a % of the fundamental amplitude

Fig. 13 — Measured line input current and its harmonic
spectrum (t: 2ms/div).



Tek Run: 10.0MS/§ Sampla
I

(1

S 00ms CHe 7 500mA
Cha 2oomacey
Fig. 14 — Measured lamp current waveform
(i:200mA/div;t: Sms/div) .

Tek Run: 250KS/SI ngplg
I T

14

D
t

S - P 0111 ([ WY o |- B AT | -2V
Chd S00mMAQ
Fig. 15 — L, current. (i:500mA/div;t:Sms/div).
Tek Run: 1IZ]IZ]MS/SI _rngpB
_—r . I T

[u

(ch1)

Ty 7 T

||||||||||||||||I\I." rrrr|prrrreprrrt
p)
= .

& ) B 1910 2" A e 110 Y IV - e N1 .Y
Ax? 2.00 AO

Fig. 16 — Switching voltage and current
(i:2A/div;v:100V/div;t:5Sms/div)

396

Tek Run: 500kS/|s SPmple

(ch)

A \\
/10 e [\

-
3
1
F
L
1
F
[
=
Y

]

N

[ }21010/1300 010 I VR P4 2

thi ooy
Cha S00mMAQ
Fig. 17 — Input waveforms for the 1x40W commercial ballast.
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Fig. 20 - Input waveforms for the 2x110W commercial ballast
with the PFC circuit proposed.
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Fig. 21 — Dc bus voltage during the startup process.

V CONCLUSIONS

The extension of the Moisin’s topology was presented,
analyzed and implemented. Due to the similarity between
the equivalent drcuits, the design methodology proposed
on this paper can be aso used on the CIC-CPPFC
electronic ballast. Differently from the previous design
methodology proposed [9], the analysis developed on this
paper takes account, and try to find the optimum value of
the relationship between the switching frequency and the
resonant frequency defined by Lin-Gn. Another
improvement of the methodology proposed is the
evaluation of the dc bus voltage.

The power switches carry only the resonant inductor
current so low current rating devices can be used, when
compared with others integration solutions. This
characteristic alows the use of a self-oscillating driver,
like in commercial electronic ballasts.
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Therefore, the developed ballast has potential low cost

and reliability compared with previous single-stage high
power factor electronic ballasts. The low input current
ripple allows the reduction of the input filter's volume, a
very important feature when compared with previous

solutions employing DCM. The experimental

results

verify the theoretical analysis and circuit operation.
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