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(57) Abstract

An electronic ballast for a CFL has two pairs of DC rails, having a common circuit ground. A booster circuit (L2, D2) boosts charge
into the smoothing capacitor (C3) at certain stages in the oscillator cycle so that the charge on the smoothing capacitor (C3) is greater than
the peak input voltage. This increase the duration during which current is drawn from the supply and helps to reduce harmonic distortion.
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*An Electronic Ballast for a Compact Fluorescent Lamp'

Introduction

The invention relates to an electronic ballast for a

compact fluorescent lamp.

For many years now by far the most common type of lamp for
domestic and many business uses has been the incandescent
lamp. This presents a mainly resistive load to the mains
AC supply. Such a load does not have any significant
adverse consequences on the mains supply and indeed it is
thought that the resistive nature of the load may cause

beneficial damping of the mains supply.

However, compact fluorescent lamps (CFLs) have been
developed in the last twenty years or so and these have
the major advantages of requiring considerably less power
and having a longer life. Typically, the power
consumption is only about 20% of that of incandescent
lamps. However, a major feature of CFLs is that they have
an electronic ballast circuit which has a DC rectifier,
across which there is a bulk or smoothing capacitor at the
output stage. If this capacitance were very large, there
would be a very good straight-line DC output. However,
load current would be drawn for a large part of the supply
cycle from the smoothing capacitor and not from the
rectifier. Due to the long periods of non-conduction of
the rectifier, significant current surges would be from
the mains utility at the peaks of the input voltage,
thereby resulting in a low power factor. On the other
hand, if the smoothing capacitance were very low, the
ballast circuit would draw current from the rectifier from
most of the supply cycle, thus considerably improving the
power factor. However, a major disadvantage is that there
would be a highly modulated DC waveform, which causes a
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high current crest factor at the discharge tube terminals.
This would cause flicker in the discharge tube and reduce
the life of the tube.

Therefore, the tendency has been to include a medium-
valued smoothing capacitor which provides a trade-off
between the power factor and quality of the discharge tube

drive.

The power factor is a function of the phase shift between
the voltage supply and the fundamental component of the
current drawn, and is also a function of the distortion of
the current being drawn. The latter 1is generally
gquantified as the parameter total harmonic distortion
(THD) . In electronic ballast circuits for CFLs, phase
shift is not usually a factor and thus, the harmonic
distortion is the most important variable affecting the

power factor. The relationship is non-linear.

There have been many developments in ballast circuits for
CFLs over the last twenty years and some of these have
particularly addressed the power factor problem. An
example 1is British Patent Specification No. GB22560939B
(Ultralite). This specification describes an improvement
in the manner in which current is drawn from the input
stage of the ballast circuit so that it is drawn to a
greater extent from the rectifier, and not the smoothing
capacitor. This is achieved by inserting a diode between
the smoothing capacitor and the positive rail at the

output stage of the rectifier.

While these developments have been quite effective and the
power factor has indeed increased significantly, problems
still remain in the extent of harmonic distortion caused
in the mains supply. A good power factor level does not

necessarily mean that the THD is equally improved because

B PCT/IE97/00016
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they are related in a non-linear manner. Indeed, it has
been found that for circuits currently available and which
have good power factors in the region of 0.95, the THD can
remain stubbornly high - often at a level of approximately
25% to 30% This parameter is of particular importance to
the electrical utilities because it 1is the harmonic
content of the input current which causes distortion of
the mains supply. Furthermore, the harmonic distortion in
the line current causes distribution losses which are

undesirable and unnecessary.

It is therefore an object of the invention to provide an
electronic ballast circuit for a CFL which has both an
improved power factor and an improved THD level. More
particularly, it is an object to achieve a power factor of
approximately 0.97 and a THD level of as low as 20%.

According to the invention, there 1is provided an
electronic ballast circuit for a compact fluorescent lamp,

the circuit comprising:-

a DC rectifier providing a DC voltage across a first

pair of rails,
an LC tank circuit and lamp terminals,
a smoothing capacitor,

high frequency switches connected to the tank circuit

at the centre point of the switches,
an oscillator controlling the switches, and

booster means for charging the smoothing capacitor to

a value greater than the peak input voltage.
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In one embodiment, the smoothing capacitor is connected
across a second pair of rails connected to the first pair
of rails via a reverse-connected diode, and both pairs of

rails have the same negative rail.

Preferably, the booster means comprises for dividing
current flow on the first pair of rails between the tank

circuit and the second pair of rails.

In one embodiment, the current is divided during the on
switching period of a switch connected to the positive

rail of the second pair of rails.

In another embodiment, the booster means comprises a diode
connected in parallel with the tank circuit to provide a

path for boost current.

Ideally, the booster means also comprises an inductor on
the first positive rail between the rectifier output and
the booster diode so that it builds up an energy store
during the on switching period of the switch connected to

the negative rail.

In one embodiment, the value of the booster inductor is
such that it forms part of the ballasting function of the

LC tank circuit.

In another embodiment, the switches are MOSFET switches
having inherent diodes which conduct during periods in

which both switches are open.

Preferably, the booster inductor values provide a current
THD of less than 15% from a voltage source having a

voltage of less than 0.5% THD.
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In a further embodiment, the circuit also comprises an

EMI-reducing capacitor between a tube terminal and circuit

ground.

Preferably, the EMI-reducing capacitor has a value of 2

to 4 nF.

The invention also provides a compact fluorescent lamp

comprising an electronic ballast circuit as described

above.

Detailed Description of the Invention

The invention will be more clearly understood from the
following description of some embodiments thereof, given
by way of example only with reference to the accompanying

drawings in which:-

Fig. l(a) is a circuit diagram of a ballast circuit
of the invention and Fig. 1(b) 1is a diagram

illustrating gate voltage for an oscillator;

Figs. 2 and 5 inclusive are simplified circuit
diagrams of the ballast circuit illustrating its
operation with switches of the oscillator at
different positions to complete a full oscillator

cycle; and

Fig. 6 shows waveforms of the input current and lamp

current taken from a ballast of the invention.

Referring to Fig. 1(a), an electronic ballast circuit of
the invention is described. The circuit comprises a
bridge rectifier R. The output of the rectifier R is
connected to a first pair of voltage rails in the circuit,

across which is connected an input resonant capacitor Cl.
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A tank circuit for driving output discharge tube terminals
Z and Y comprises a pair of capacitors C2 and C4 and
inductors L1 and L2. L1 and C2 are connected between Y
and the output of an oscillator. C4 is connected across
the terminals Z and Y and the inductor L2 is connected
between the terminal Z and the output of the bridge
rectifier. At a position between the inductor L2 and the
terminal Z is a connection to the anode of a diode D2, the
cathode of which is connected to a smoothing capacitor C3.
The smoothing capacitor C3 is connected across a second
pair of voltage rails. Also, the first pair of voltage
rails are connected to C3 via a high speed diode D1, with
the diode cathode being connected to C3.

In more detail, the ballast circuit comprises capacitors
C6 and C7 and an inductor L3 for input stage EMI
filtering. The oscillator comprises a resistive series of
R1, R2 and R3 between the positive rectifier output and a
capacitor C8 which is in-turn connected to a half-bridge
MOSFET gate driver IC Ul, the purpose of which is to
provide enough bias current to the IC on start-up. Once
the circuit begins to operate, more substantial bias
current is obtained from a bias winding wound on L1 via
the diode D3 and series resistor R6. The components C9
and RS set the oscillator frequency. Ul drives a pair of
MOSFET high-frequency switches M1 and M2. The tank
circuit of L2, C4; L1 and C2 is connected to the centre

point of the switches M1l and M2.

The circuit thus has two pairs of DC rails. Both have the
same circuit ground, namely the negative output of the
rectifier R. The first pair of rails has the rectifier
positive output as its positive rail, and the second pair

has the positive side of the smoothing capacitor C3 as its

positive rail.
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As is explained in detail below, the inductor L2 has dual
functions of acting as part of tank circuit and also
assisting in a boosting action to C3 to reduce harmonic

distortion. The latter action 1is carried out 1in

conjunction with the diode D2.

Operation of the circuit will now be described with

reference to the cycle illustrated in Fig. 1(b). Fig.
1(b) shows the oscillator cycle as represented by the gate
voltage. There are four major sections in the cycle, as
follows:-

A - switch Ml is on.

B - the dead time while both switches are off.

C - switch M2 is closed.

D - the deadtime when both switches are open after

M2 has been closed.

Operation of the circuit for the stage A is shown in Fig.
2. At the beginning of this stage between a time O and t,,
there is a continuation of current which flowed during the
end of the previous stage, namely stage D. This is
described as a current I,, and the reason for this current
will be described in more detail below during the
description referring to Fig. 5. During the short period
represented by t,, the driving voltage of C3 causes the
current I,, to decrease to zero, thereby causing the diode
D1 to regain its reverse blocking capability. A current
1,, arises from capacitor Cl, which is initially at the
same potential as the smoothing capacitor C3. This
current flows through the components L2, the output
terminals 2 and Y, L1 and C2, and back to the ground
terminal of the bridge rectifier R via Ml. This current
causes the tube connected to the terminals 2 and Y to be

ignited and maintains illumination.
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As the current I,, (which originates from the capacitor Cl)
flows, the voltage across Cl drops in a resonant fashion
to a level equivalent to the instantaneous magnitude of
the line voltage at a time indicated by t, in Fig. 1l(b).
When this happens, the current flows in the same direction
through the tank circuit and the terminals Z and Y,
however, in this case it originates from the rectifier
output and is indicated by the numeral I,,. No current is
drawn from the smoothing capacitor C3 because the diodes

D1 and D2 are reverse biased.

Referring now to Fig. 3, operation of the circuit for the
second stage, B is now described. This stage 1is a

relatively short period of time in comparison with the

stages A and C. For clarity, however, the duration of
this stage is exaggerated in Fig. 1(b). During this
stage, both M1 and M2 are open. However, a current does

flow because of the inherent diode in the switch M2, this
diode being illustrated in Fig. 3. The components L2 and
D2 form an important part of the circuit during this
particular stage. The inductor L2 splits the current Iy
between a component I,; flowing through the tank and the
output terminals and a second component I which flows
through the diode D2 and re-joins the other component I
to flow through the capacitor C3 and back to the ground
terminal of the rectifier R. The relative magnitudes of
these components of current vary over the line period and

depend very much on the relative sizes of L1 and L2.

An important aspect of the stage B is that there is a
boost of current into the smoothing capacitor C3 due to
the action of L2 and D2. The relative values of L2 and Ll
are important in setting the proportion of current
diverted through D2 to optimise the potential across C3.
This action happens in every switching period for a
significant interval around the peak of the line voltage
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and is therefore particularly important as it takes energy
from the mains supply into the smoothing capacitor without
this current going through the tube terminals 2 and Y.
This helps to maintain the potential in the smoothing
capacitor C3 for a significant part of the cycle and in
fact, increases the potential of C3 to a value greater
than the peak input voltage in a boost converter like
manner. Therefore, there is no surge current from the
mains utility through D1 at the peaks of the input
voltage. It has been found that this feature helps to
significantly reduce current total harmonic distortion
(THD) . Indeed values as low as 15% have been achieved

from a voltage source having a THD of less than 0.5%

Referring now to Fig. 4, operation of the circuit is
illustrated for the stage C when M2 is closed and Ml is
open. The first current in this stage exists up to a time
indicated by ty shown in Fig. 1l(b). Initially a current
I, flows in the same direction as shown in Fig. 3 for the
stage B, this current being a continuation of current I
during stage B. Accordingly, it 1is only indicated
diagrammatically at its start and end positions at the
bridge rectifier R. Note that since M2 turns on initially
with its inherent diode conducting the current I,;, then an
effective phenomenon commonly known as =zero-voltage-
switching (2VS) occurs, thus leading to substantially
reduced switching loss in the device and reduced
electromagnetic interference (EMI) generated at the
switching instants. With the driving voltage applied to
the output terminal Y being that of the series addition of
the potential across C3 and the potential across the DC-
blocking capacitor C2 which is much larger than the input
voltage applied to the terminal 2 via the inductor L1,
then the current I,; decreases rapidly, reaching a level of
zero amperes at time t;. Because of the presence of L2,

the manner in which the current components I,; and Ij;
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reduce occurs in a controlled manner. If the component Iy
should reach zero before I,;, then the diode D2 regains its
reverse blocking capability. The component I, continues
to flow in L2, 2, Y, L1, C2 and through M2 into the
smoothing capacitor C3. 1If on the other hand, I,; should
reach zero before I,5, then I;3 continues to flow through
L2, D2 and the smoothing capacitor C3. The component I,
reverses and flows in the path through C2, through
terminals Y to Z, and returning to C2 via the conducting
diode D2 and M2. The exact scenario which occurs depends
on the size of L1 relative to L2, the impedance of the

lamp and the instantaneous input voltage.

Once the current I, in L2 has reached zero, the conducting
diodes of the bridge rectifier R cease conducting and a
current I, originates in the circuit, which arises from
the smoothing capacitor C3. As I, flows, the potential on
Cl rises in a resonant fashion. When the potential on Cl
increases to a level equal to the potential on the
smoothing capacitor C3, diode D1 conducts the tank circuit
current and clamps the voltage on Cl to that of C3. The
tank circuit current, now denoted as I,;, continues to flow
in D1 for the remainder of the stage, following the path
C2, L1 through terminals Y to Z, through L2, D1 and back
to C2 via the conducting switch M2. At this stage, there

is no current flowing through Cl1 or C3.

Referring now to Fig. 5, operation of the circuit during
the final stage, D, is now illustrated. Again, this stage
is much shorter than indicated in Fig. 1(b). As both
switches M1 and M2 are open, the inherent diode in the
switch M1 comes into play. The path of I;c during stage C
is broken by M2 opening and a current I, for stage D then
arises through C3 and the inherent diode of Ml. Current
is in the same direction through the tube for this stage
as for the latter part of stage C.
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At the end of stage D, the switch Ml is gated on again,
thus beginning a new switching cycle. As with the turn-
on of the upper switch M2, the inherent diode of Ml 1is
conducting before it is turned on and hence, it too turns

on under zero voltage switching conditions.

For the preferred embodiment, typical illustrative values
for the major components for a 20 W CFL output are as

follows:-

Cl = 4.7nF 630V DC

C2 = 100nF 250V DC

C3 = 10uF 450V DC

C4 = 4.7nF 630V DC

L1 = 2.0mH

L2 = 1.0mH

R = Bridge rectifier consisting of:-
2 x 600V standard diodes
2 x 600V fast recovery diodes

D1 = 600V fast recovery diode

1}

D2 600V fast recovery diode

M1, M2 are 500V n-channel MOSFETs (eg. IRF820s) or form
part of an IR51H420 integrated inverter packaged device.
Ul is a half-bridge driver (eg. L6569A)

Switching Frequency = 48kHz

Dead-times (i.e. stages B and D) = 1.2us.

These values vary greatly for different power output level

lamps.

It will be appreciated that the invention provides for a
reduction in current surges being drawn from the mains
supply by the manner in which the smoothing capacitor C3
is replenished without a need for a surge from the mains.
It will also be appreciated that inductor L2 and diode D2
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behave in an integrated boost converter like manner to
cause the smoothing capacitor voltage to be greater than
the peak input voltage. As a result of this action, no
current surge occurs at the peak of the line voltage, a
problem which still occurs in other ballasts. The diode
D1 acts to clamp the voltage on Cl to safe levels, thereby
protecting this component. Also the current is drawn off
the mains utility over the whole of the line period and
this, coupled with the elimination of the current surge at
the peak of the line voltage reduces the line current
distortion and consequently improves the power factor.
Furthermore, energy is circulated between C3 and Cl, thus
enabling substantial currents to flow through the lamp
terminals which keeps the lamp ignited even when the
instantaneous input voltage is zero. Thus lamp current

crest factor is also maintained at a low level.

Referring to Fig. 6(a) the input current waveform is shown
superimposed on the input voltage. As is clear from this
diagram, current is drawn from all of the cycle and there
are no current surges. Fig. 6(b) shows the lamp arc
current. There is a relatively flat modulation envelope,
giving a low current crest factor. A power factor of 0.97
has been achieved. In general, the THD achieved was less
than 20% and often less than 15% where the voltage source

was at a voltage level of less than 0.5% THD.

Operation of the capacitor C5 has not been referred to in
the description of operation of the circuit, for clarity.
the purpose of this component is to provide a low-
impedance path to circuit ground for high-order harmonics
of the switching frequency caused by the high rate of
voltage change at the lamp terminals. As a result, EMI is

substantially reduced.

) PCT/IE97/00016
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It will be appreciated that the ballast described in this
document may also make use of bipolar transistors or
MOSFETs driven in a self-oscillating fashion using
positive feedback techniques. It will be appreciated that
boosting of the smoothing capacitor could alternatively be
achieved using a step-up converter including a MOSFET and
associated control circuit. Further an integrated boost
half-bridge circuit may be used. Further, it is envisaged
that the diode D1 may be dispensed with, at the expense of

high voltages appearing across Cl.

If bipolar transistors are used, they may be connected to
components which perform the same function as the inherent

diodes of the MOSFET switches.
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CLAIM

An electronic ballast circuit for a compact

fluorescent lamp, the circuit comprising:-

a DC rectifier providing a DC voltage across a

first pair of rails,
an LC tank circuit and lamp terminals,
a smoothing capacitor,

high frequency switches connected to the tank

circuit at the centre point of the switches,
an oscillator controlling the switches, and

booster means for <charging the smoothing
capacitor to a value greater than the peak input

voltage.

An electronic ballast circuit as claimed in claim 1,
wherein the smoothing capacitor is connected across
a second pair of rails connected to the first pair of
rails via a reverse-connected diode, and both pairs

of rails have the same negative rail.

An electronic ballast circuit as claimed in claim 2,
wherein the booster means comprises means for
dividing current flow on the first pair of rails
between the tank circuit and the second pair of

rails.

An electronic ballast circuit as claimed in claim 3,
wherein the current is divided during the on
switching period of a switch connected to the

positive rail of the second pair of rails.
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An electronic ballast circuit as claimed in any
preceding claim, wherein the booster means comprises
a diode connected in parallel with the tank circuit

to provide a path for boost current.

An electronic ballast circuit as claimed in claim 5,
wherein the booster means also comprises an inductor
on the first positive rail between the rectifier
output and the booster diode so that it builds up an
energy store during the on switching period of the

switch connected to the negative rail.

An electronic ballast circuit as claimed in claim 6,
wherein the value of the booster inductor is such
that it forms part of the ballasting function of the

LC tank circuit.

An electronic ballast circuit as claimed in any
preceding claim, wherein the switches are MOSFET
switches having inherent diodes which conduct during

periods in which both switches are open.

An electronic ballast circuit as claimed in claims 6
to 8, wherein the booster inductor values provide a
current THD of less than 15% from a voltage source

having a voltage of less than 0.5% THD.

An electronic ballast circuit as claimed in any
preceding claim, further comprising an EMI-reducing

capacitor between a tube terminal and circuit ground.

An electronic ballast circuit as claimed in claim 10,

wherein the EMI-reducing capacitor has a value of 2

to 4 nF.
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An electronic Dballast circuit substantially as
hereinbefore described with reference to the

accompanying drawings.

A compact fluorescent lamp comprising an electronic

ballast circuit as claimed in any preceding claim.
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