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(54) A ballast circuit for a lighting circuit, and a lighting circuit including a ballast circuit

(57) This invention relates to ballast circuits for light-
ing circuits, such as LED circuits, which can be directly
driven from a mains voltage or other, off-grid, AC voltage
sources. The ballast circuit comprises a SMPS without

any electrolytic capacitor. The SMPS can operate to pro-
vide an unregulated voltage. By not including an electro-
lytic capacitor, the cost, bulk, and life-time limitations as-
sociated with such a capacitor are avoided.
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Description

Field of the Invention

[0001] This invention relates to ballast circuits for light-
ing circuits, which lighting circuits are adapted to be di-
rectly driven from mains or similar power sources. It fur-
ther relates to lighting circuits including such ballast cir-
cuits.

Background of the Invention

[0002] Currently, incandescent light-bulbs and fluores-
cent lamps dominate the market for lighting devices for
general illumination. However, since the advent of the
white light emitting diode (LED), LED lighting is starting
to become a realistic possibility for general illumination
purposes such as domestic and commercial lighting. LED
lighting will become increasingly more important to an
energy-conscious society, since in comparison with tra-
ditional incandescent light-bulbs which typically achieve
a luminous efficiency of around 10 to 20 Im/W, LEDs
already achieve efficiencies of approximately 50 to 100
Im/W. Furthermore, LEDs offer the prospect of long life-
times, when compared with conventional lighting devic-
es.
[0003] Conventional LEDs operate at a voltage of be-
tween 1.5 and 5 V, depending on their colour, type, tem-
perature and operational conditions. Furthermore, LEDs
have a very small dynamic resistance; thus directly con-
necting an LED to a voltage source can result in large
current values. It is therefore generally not practicable to
drive LEDs directly from a mains supply: protective cir-
cuitry is necessary, to prevent damage to the LEDs in
the case of fluctuations of the voltage in the mains supply.
The simplest way of providing a protective circuit is by
means of a resistor connected in series with the LEDs.
However, this method is associated with high losses and
is thus not desirable. As a consequence a ballast may
be used in front of the LEDs. An example of such a ballast
is a switched mode power supply (SMPS).
[0004] SMPSs operate by supplying a rapidly chopped
or pulsed output current. The chopping is typically in fre-
quency range between several kHz and several MHz. In
order to provide acceptably smooth output characteris-
tics, either current or voltage, SMPSs include a large
electrolytic capacitor on either the input or the output side
to smooth the pulsed current. Such an electrolytic capac-
itor adds to the cost and the volume of SMPSs, and
renders them non-ideal for use as a ballast for mains-
driven LED circuits. Furthermore, an electrolytic capac-
itor may be limiting to the lifetime of the ballast.
[0005] There is therefore an ongoing need for an LED
ballast circuit, which suffers to a lesser extent or not at
all from the above disadvantages.

Summary of the invention

[0006] It is an object of the present invention to provide
a ballast circuit for a lighting circuit which is at least one
of inexpensive and small and having a high lifetime.
[0007] According to the present invention there is pro-
vided a ballast circuit for a mains-driven lighting circuit,
the ballast circuit comprising a switched mode power
supply, characterised in that the switched mode power
supply is adapted for operation as a current generator,
and the switched mode power supply does not comprise
an electrolytic capacitor. Reduced costs, and an exten-
sion of the lifetime of the lighting circuit, may thereby be
achieved. In particular, by not using an electrolytic ca-
pacitor, the limitation of lifetime of the circuit which could
otherwise result from heat-induced failure of the electro-
lytic capacitor due to proximity of with the LEDs, can
thereby be avoided. Preferably, not only is there no ca-
pacitor with mains-frequency storage capability but also
no inductor with mains-frequency storage capability.
Thus preferably, the circuit has an inductance of less
than 10mH and more preferably less than 0.1mH.
[0008] In embodiments the switched mode power sup-
ply comprises a flyback converter comprising a primary
inductor coupled to a secondary inductor and a free-
wheeling diode. A flyback converter is a particularly in-
expensive and convenient type of SMPS.
[0009] In embodiments the flyback converter further
comprises an input capacitor having capacitance less
than 1 PF, or preferably less than 0.22 PF. Such a small
input capacitor can provide a useful smoothing function,
and facilitate compliance with putative or existing regu-
lations regarding on mains supplies. It is noteworthy that
such a capacitor has only a smoothing function for the
high frequency oscillations of the SMPS, and is thus use-
ful for EMC reasons: it has no mains frequency capability.
[0010] In embodiments, the limiting (maximum) allow-
able value of the capacitance is dependant on the power
of the device: for example the appropriate value of an
EMI-filter (Electro Magnetic Interference) capacitor de-
pends on the power to be transferred. This capacitor
could be larger than 220nF with increasing power but
even if it was larger it is still only used for EMI-filtering
purposes. Higher power levels need larger capacitances
for EMI-filtering.
[0011] Preferably the ballast circuit further comprises
a controller adapted to control a primary current through
the primary inductor, in dependence on an input voltage.
Such a control method is particularly convenient and sim-
ple and avoids the need for complex and expensive feed-
back mechanisms.
[0012] In embodiments, the ballast circuit further com-
prises an output capacitor with a capacitance which is
less than 10PF or more preferably less than 1PF. Such
a small output capacitor may be useful in order to improve
the operation and/or the efficiency of the lighting circuit.
Once again it is noteworthy that such a capacitor has no
mains-frequency storage capability, and thus would not
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be an electrolytic capacitor.
[0013] In embodiments, the switched mode power
supply is a resonant converter. Alternatively, the
switched mode power supply is one of a Sepic-, Zeta- or
Cuk- converter. In yet more alternative embodiments, the
switched mode power supply is one of a buck-derived
forward-converter, half-bridge converter or full-bridge
converter.
[0014] According to another aspect of the present in-
vention, there is provided a power factor correction circuit
for a lighting circuit which is adapted to be directly mains-
driven, the power factor correction circuit comprising a
ballast circuit as described above and which does not
comprise an electrolytic capacitor
[0015] According to yet another aspect of the present
invention, there is provided a lighting circuit adapted to
be directly mains-driven, which comprises a ballast circuit
as described above and which does not comprise an
electrolytic capacitor. Without limitation, the lighting cir-
cuit may comprise an LED circuit or an OLED circuit.
[0016] An SMPS driven in accordance with embodi-
ments of the invention may be arranged to provide a near-
ly unity power factor. Thus, the SMPS works as a power
factor correction circuit such that the lighting circuit will
draw a current from the mains (or other) line input which
can comply with present or future national or international
regulations regarding power factors for mains-connected
loads. Currently there are no regulations regarding a har-
monics for lighting devices having low power consump-
tion, but it can be envisaged that as such devices become
more prevalent, restrictions on the harmonics of the
drawn line currents may be imposed.
[0017] These and other aspects of the invention will
be apparent from, and elucidated with reference to, the
embodiments described hereinafter.

Brief description of Drawings

[0018] Embodiments of the invention will be described,
by way of example only, with reference to the drawings,
in which

Fig. 1 shows a ballast circuit in a lighting circuit, ac-
cording to an embodiment of the invention;
Fig. 2 shows schematically current supplied by a cir-
cuit such as that of Fig. 1;
Fig. 3 shows a schematic of a lighting circuit incor-
porating a fly-back converter;
Fig. 4 shows the input current and the input voltage,
for a demonstrator lighting circuit;
Fig. 5 shows a schematic similar to figure 1 but in-
cluding a high-frequency output filter; and
Fig. 6 shows a schematic of a lighting circuit incor-
porating a forward converter.

[0019] It should be noted that the Figures are diagram-
matic and not drawn to scale. Relative dimensions and
proportions of parts of these Figures have been shown

exaggerated or reduced in size, for the sake of clarity
and convenience in the drawings. The same reference
signs are generally used to refer to corresponding or sim-
ilar feature in modified and different embodiments.

Detailed description of embodiments

[0020] Figure 1 shows a ballast circuit in a lighting cir-
cuit according to a first embodiment of the present inven-
tion. The lighting circuit 10 is driven from a mains power
source 20 which supplies an AC voltage VAC, which is
rectified by rectifier 30 to rectified voltage |VAC| and used
to drive a series string of LEDs 40. Between the rectifier
30 and the string of LEDs 40 is included a ballast circuit
50. The ballast circuit 50 takes as input Vin the rectified
AC voltage |VAC|, and supplies an output current Iout,
which takes the form of a pulsed AC current Ipulsed. The
ballast circuit 50 operates as a switched mode power
supply without any output smoothing.
[0021] The ballast circuit 50 provides a pulsating out-
put current to drive the LEDs 40. By not using an output
capacitor, the light emitting diodes are supplied with a
rectified current, whose average value pulsates with a
frequency corresponding to twice that of the mains input
frequency. Thus, for example, for a mains frequency of
50 Hz, the LEDs are supplied with a current whose av-
erage value pulsates at 100 Hz. Superposed on the twice-
mains frequency pulsations, is the triangular waveform
of the instantaneous current, which varies with a frequen-
cy in this case of 2kHz (for clarity), and typically between
20kHz and several MHz.
[0022] Figure 2 shows schematically the current which
is supplied to the string of LEDs 40. Over the time interval
of 0.01 seconds shown in the figure, the average LED
current 210 goes through a single pulse corresponding
to a pulsation frequency of 100 Hz and a mains input
frequency of 50 Hz. Also shown in the figure is the LED
instantaneous current 220. The peaks of the instantane-
ous current 220 follow the shape of the pulse in the av-
erage current. However, as the LED current 220 corre-
sponds to the output of the SMPS and is absent any
smoothing at all, the chopping frequency of the SMPS
(in this case 2 kHz) is evident in the generally triangular
high frequency waveform, or ripple. As mentioned above,
in practice, a chopping frequency of the SMPS is normally
set to a higher value than the 2 kHz value shown in figure
2 which was chosen primarily for illustrative purposes. It
will be appreciated that, in other embodiments wherein
a small value (less than 10PF and typically less than 1PF)
non-electrolytic output capacitor is included, the capac-
itor has the effect of smoothing the high frequency chop-
ping or ripple 220, but has no impact on the twice-mains
frequency average current pulsation 210.
[0023] Figure 3 shows a schematic circuit of a lighting
circuit incorporating a fly-back converter. A fly-back con-
verter has been chosen as a non-limiting example of a
type of SMPS to which the invention applies. The lighting
circuit 300 is supplied with alternating input voltage VAC
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310, which is rectified by rectifier 320 to provide an input
|VAC| to the flyback converter 350. Flyback converter 350
supplies output current Iout to a string of diodes 340 com-
prising diodes D1 to Dn. The flyback converter 350 com-
prises coupled chokes or inductors Lp and Ls, a switch
S and a freewheeling diode D on the output side. The
freewheeling diode D is included despite the existing
string of LEDs 340, in order to absorb the reverse voltage
in case of a conducting switch S. As is apparent from
figure 3, a bulky electrolytic capacitor is utilised on neither
the input side nor the output side of flyback converter
350. However, a smaller filter capacitor CF is placed
across the input of the SMPS, and filter inductors LF1 and
LF2 are included on both the live and neutral rails of the
mains input 310. These components are included in order
to filter out any high frequency parts of the line current.
It is emphasised that they do not provide any smoothing
function in the fundamental frequency range of the mains
input. The filter capacitor CF is small enough so that ef-
fectively it is always charged to the actual value of the
rectified input voltage.
[0024] In operation, while the switch S is conducting,
an approximately linearly increasing current flows
through the primary inductance Lp. On the secondary
side no current flows. When the switch S is toggled to an
off-stage, energy 1/2·Lp·iPmax

2 is stored in the inductor,
where iPmax is the maximum current in the primary induc-
tor just prior to switch-off of the switch S. This energy will
be delivered to the secondary circuit. Consequently an
approximately linearly decreasing current flows through
the LEDs 340. As a result, the current provided to the
LEDs is, as shown in Fig. 2, nearly triangular.
[0025] The timing of the switching of switch S is under
control of controller 352. A conventional controller IC may
be used; however, since a feedback controller loop is not
desirable, an alternative controller mechanism may be
employed, which avoids the complexity of a feedback
loop such as is often employed and involving expensive
opto-couplers: instead of measuring the output voltage,
the corresponding pin on the controller is used to control
the maximum primary current in dependence on the val-
ue of the input voltage. The switch S is switched off when
the given, or pre-determined, maximum primary current
is reached. Thus this embodiment as shown provides a
open-loop feed-forward control; however, it will readily
be appreciated that the invention is not limited thereto,
and is equally applicably to other closed loop control,
such as feed-back control, and that, furthermore, stand-
ard power-factor correction control schemes like
CCM/DCM-operation (Continuous Conduction Mode/
Discontinuous Conduction Mode) or BCM-operation
(Boundary Conduction Mode) can be implemented with-
out departing from the invention.
[0026] Figure 4 shows the input current 420 and the
input voltage 430, for a demonstrator lighting circuit in-
cluding a fly-back converter SMPS as described above
with reference to figure 3. The converter is driven in
boundary conduction mode. As shown, the input current

420 broadly follows the cycling of the input mains voltage
430, and thus can be anticipated to satisfy any future
EMC regulations which may limit the harmonics of mains
currents.
[0027] A further embodiment of the invention is shown
in figure 5. Figure 5 shows a lighting circuit 510 which is
broadly similar to that of figure 1: corresponding compo-
nents are referenced by corresponding numerals, and
will not be further described. However, this embodiment
includes a filter 560 on the output side of the SMPS. The
easiest filter implementation is the usage of a small ca-
pacitor (ceramic or film capacitor) but also a higher order
filter such as a C-L-C-filter is usable. The value of the
output capacitor is typically less than 10 PF, and in a
preferred embodiments it is less than 1PF. Note that this
output filter does not correspond to the conventional elec-
trolytic capacitor placed on the output of an SMPS, so
no mains-frequency or 50Hz filter is employed; instead
of a large electrolytic output capacitor, a small capacitor
is placed in parallel to the LEDs. Thus the low frequency
100Hz-ripple will still exist - since there is no large elec-
trolytic capacitor to provide the smoothing function for
this ripple - but the high frequency ripple caused by the
switching actions can be reduced or even eliminated. Al-
though this embodiment involves higher costs than that
described above, since the capacitor is relatively small,
the increase in costs and volume is minor and inclusion
of such a high frequency smoothing can result in a con-
siderably higher luminous efficiency, as the LEDs can
thereby be arranged to operate close to their optimum
operating point for a larger part of the time.
[0028] The above embodiments have been described
using a flyback topology to convert a rectified input volt-
age to a pulsating current delivered to the LEDs. How-
ever, it will be immediately apparent to the skilled person
that the invention is not limited to flyback topology, but
other topologies such as Sepic-, Zeta- or Cuk-converter,
the buck-derived Forward-converter, Half- and Full-
bridges as well as resonant converters are all is suitable
for use with the present invention. Thus the invention is
not limited to flyback converter but is applicable to SMPS
in general including buck and forward converters.
[0029] Figure 6 shows a schematic of a lighting circuit
600 incorporating a forward converter, including a small
output filter 660, according to an embodiment of the in-
vention. Forward converter 650 is provided with mains
input 610 which has been fully rectified by rectifier 620,
to provide rectified input |VAC|. Forward converter 650
may comprise a small input filter CF1, and has a control
switch S in series with primary coil Lp of transformer 654
and operable under control of controller 652. The output
from the secondary coil Ls of the transformer 654 is rec-
tified by diode D1; a freewheeling diode D2 is also includ-
ed. The forward converter 650 further comprises an in-
ductor L on the secondary side circuit. The skilled person
will immediately appreciate that this inductor is integral
to the operation of the forward converter, and does not
form a smoothing function equivalent to an output filter.
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[0030] For the sake of completeness, it is mentioned
that Figure 6 does not show any necessary reset winding
or mechanism: the skilled person will appreciate that the
invention is not thereby constrained, and may be used
with any suitable reset mechanism.
[0031] The embodiment shown in figure 6 includes an
optional small capacitor CF2 which functions as a high
frequency output filter. Thus, it is emphasised, capacitor
CF2 is not a large electrolytic, and has no capability for
storage or smoothing the 100Hz or twice-mains-frequen-
cy pulsation. However, it can smooth the high-frequency
chopping or ripple caused by the forward converter itself.
[0032] The invention has been described above pri-
marily with reference to LED lighting applications. How-
ever, it will be immediately apparent to the skilled person
that that’s the invention is applicable to other forms of
lighting. In particular the invention embraces organic LED
lighting (OLED), electroluminescent lighting (EL), and
cathodo-luminescent lighting (CL).
[0033] Furthermore, embodiments of the invention de-
scribed above are associated with a mains input supply
such as that supplied through a grid. It will be immediately
apparent to the skilled person that the invention is not
limited to mains input voltages but is equally applicable
to other AC voltages which may be for instance generated
off-grid. An example of such an off-grid generated AC
input voltage is that produced by a local generator, such
as a petrol-driven generator, for example on board a ship
or in a remote environment.
[0034] In summary, there has been disclosed an in-
vention which relates to ballast circuits for lighting cir-
cuits, such as LED circuits, which can be directly driven
from a mains voltage or other, off-grid, AC voltage sourc-
es. The ballast circuit comprises a SMPS without any
electrolytic capacitor. The SMPS can operate to provide
an unregulated voltage. By not including an electrolytic
capacitor, the cost, bulk, and life-time limitations associ-
ated with such a capacitor are avoided.
[0035] From reading the present disclosure, other var-
iations and modifications will be apparent to the skilled
person. Such variations and modifications may involve
equivalent and other features which are already known
in the art of lighting, and which may be used instead of,
or in addition to, features already described herein.
[0036] Although the appended claims are directed to
particular combinations of features, it should be under-
stood that the scope of the disclosure of the present in-
vention also includes any novel feature or any novel com-
bination of features disclosed herein either explicitly or
implicitly or any generalisation thereof, whether or not it
relates to the same invention as presently claimed in any
claim and whether or not it mitigates any or all of the
same technical problems as does the present invention.
[0037] Features which are described in the context of
separate embodiments may also be provided in combi-
nation in a single embodiment. Conversely, various fea-
tures which are, for brevity, described in the context of a
single embodiment, may also be provided separately or

in any suitable sub-combination.
[0038] The applicant hereby gives notice that new
claims may be formulated to such features and/or com-
binations of such features during the prosecution of the
present application or of any further application derived
therefrom.
[0039] For the sake of completeness it is also stated
that the term "comprising" does not exclude other ele-
ments or steps, the term "a" or "an" does not exclude a
plurality, a single processor or other unit may fulfil the
functions of several means recited in the claims and ref-
erence signs in the claims shall not be construed as lim-
iting the scope of the claims.

Claims

1. A ballast circuit for a mains-driven lighting circuit,
the ballast circuit comprising
a switched mode power supply,
characterised in that
the switched mode power supply is adapted for op-
eration as a current generator, and
the switched mode power supply does not comprise
an electrolytic capacitor.

2. A ballast circuit as claimed in claim 1, wherein the
switched mode power supply comprises a flyback
converter comprising a primary inductor (Lp) cou-
pled to a secondary inductor (Ls) and a freewheeling
diode (D).

3. A ballast circuit as claimed in claim 2, wherein the
flyback converter further comprises an input capac-
itor having capacitance less than 220nF.

4. A ballast circuit as claimed in any preceding claim,
further comprising a controller adapted to control a
primary current through the primary inductor, in de-
pendence on an input voltage.

5. A ballast circuit as claimed in any preceding claim
further comprising an output capacitor with a capac-
itance which is less than 1PF.

6. A ballast circuit as claimed in claim 1, wherein the
switched mode power supply is a resonant converter

7. A ballast circuit as claimed in claim 1, wherein the
switched mode power supply is one of a Sepic-, Zeta-
or Cuk- converter.

8. A ballast circuit as claimed in claim 1, wherein the
switched mode power supply is one of a buck-de-
rived forward-converter, half-bridge converter or full-
bridge converter.

9. A power factor correction circuit for a lighting circuit
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which is adapted to be directly mains-driven, the
power factor correction circuit comprising a ballast
circuit as claimed in any preceding claim and does
not comprise an electrolytic capacitor

10. A lighting circuit adapted to be directly mains-driven,
and which comprises a ballast circuit as claimed in
any preceding claim, and does not comprise an elec-
trolytic capacitor.

11. A lighting circuit as claimed in claim 10 comprising
an LED circuit

12. A lighting circuit as claimed in claim 10 comprising
an OLED circuit
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