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Analysis and Implementation of an HPF Electronic
Ballast for HID Lamps With LFSW Voltage
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Abstract—In this paper, a novel high power-factor electronic bal-
last for metal-halide (MH) lamps based on integration of a buck-
boost converter, a buck converter, and a full-bridge inverter is
proposed. The buck-boost converter that serves as a power-factor
corrector (PFC) is designed to operate at discontinuous conduction
mode to achieve a high power factor at the input line. A bidirec-
tional buck converter formed by a full-bridge inverter, an inductor,
and a capacitor drives an MH lamp with a low-frequency square-
wave voltage to prevent the lamp from acoustic resonance. The
lamp power is controlled by adjusting the duty ratio of the active
switches of the PFC. The circuit operation is analyzed in detail to
derive the design equations. Circuit parameters are designed based
on design considerations in practical applications. Finally, a proto-
type electronic ballast for a 70-W MH lamp is built and tested.
Satisfactory performances are obtained from the experimental
results.

Index Terms—Acoustic resonance, electronic ballast, low-
frequency square-wave (LFSW), metal-halide (MH) lamp, power
factor.

I. INTRODUCTION

AMONG various kinds of high-intensity discharge (HID)
lamps, metal-halide (MH) lamps have the advantages of

long lamp life, high luminous efficacy, good color rendition, and
have been widely used in many lighting applications [1]–[5].
Since MH lamps have the characteristics of negative incre-
mental impedance, ballasts are required to stabilize the lamp
current. With the rapid development of power electronics, high-
frequency electronic ballasts have numerously replaced the tra-
ditional electromagnetic ones to reduce the size and weight and
improve the efficacy of the ballast circuit and light performance
in recent years [6]–[12].

However, MH lamps driven by a high-frequency electronic
ballast may suffer from problematic acoustic resonance that may
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Fig. 1. Three-stage electronic ballast.

lead to arc instability, light fluctuation, or extinguishment, and
even cracking the arc tube [8]–[12]. Many approaches have been
proposed to solve the problem of acoustic resonance. Among
them, driving MH lamps with a low-frequency square-wave
(LFSW) voltage has been considered the most effective method
to eliminate the occurrence of acoustic resonance for its high
reliability and control simplicity [13]–[16]. On the other hand,
in order to comply with the more stringent regulations on current
harmonics, such as IEC61000-3-2 standards, and to improve the
power factor, an ac/dc converter that performs as a power-factor
corrector (PFC) is required in ballast circuits. A boost converter
or a buck-boost converter is preferred to serve as a PFC. Since
the output dc voltage of the PFC is usually higher than the
operating voltage of an MH lamp, an additional buck converter
should be cascaded after the PFC to comply with the lamp
voltage. For these reasons, many proposed electronic ballasts
consist of three stages, which are the PFC, the buck converter,
and the full-bridge inverter [8], [17], [18].

Fig. 1 is one example of a three-stage electronic ballast. A
buck-boost PFC is followed by a buck converter that regulates
the dc-link voltage for the full-bridge inverter and thereby con-
trols the lamp power. The active switches in both the first and
the second stages are operated at a high frequency to reduce the
size of the magnetic components, while those of the full-bridge
inverter are operated at a low frequency to drive the MH lamp
with an LFSW current. Although such three-stage electronic
ballasts can achieve a high power factor (HPF) and avoid acous-
tic resonance, they are not cost-effective products. Much of the
literature has successfully integrated the buck converter and the
full-bridge inverter into one-stage as two-stage electronic bal-
lasts [19]–[22]. These two-stage electronic ballasts consist of a
PFC stage and an integrated stage. In spite of their good perfor-
mance, the two-stage approaches require two individual control
circuits and components for both stages. Much of the literature
had presented single-stage electronic ballasts by integrating a
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Fig. 2. Proposed HPA electronic ballast.

PFC and an inverter [23]–[25]. Their outputs are high-frequency
sinusoidal voltages, not LFSW ones. They cannot avoid the pos-
sibility of appearance of acoustic resonance when driving MH
lamps. The literature works [16] and [26] successfully integrated
all the three stages and proposed single-stage solutions, where a
boost converter or a buck converter is adopted as the PFC stage.
Operating a boost converter at a constant frequency and dis-
continuous conduction mode (DCM) can obtain a unity power
factor, provided that its dc-link voltage is much higher than the
amplitude of the ac input voltage. High dc-link voltage would
result in more switching loss and requires using semiconductors
of high voltage rating. Contrarily, if a buck convert is served as
a PFC, an HPF can be achieved on condition that its dc output
voltage is much smaller than the amplitude of the ac input volt-
age. Hence, a transformer is required to build up the dc voltage
for the inverter stage.

In order to further reduce the component count and hence
lower the product cost, this paper proposes an electronic ballast
that is derived by integrating a buck-boost-type PFC, a buck
converter, and a full-bridge inverter into a single power con-
version circuit. Only four active switches are required in the
proposed configuration. The buck converter and the full-bridge
inverter form a bidirectional buck converter to drive an MH lamp
with an LFSW voltage. The lamp is operated at the rated power
by regulating the duty ratio of the high-frequency switches. A
prototype circuit designed for driving a 70-W MH lamp was
built and tested to verify the analytical predictions. Satisfactory
performance is obtained from the experimental results.

II. CIRCUIT CONFIGURATION AND OPERATION

In the three-stage electronic ballast circuit, as shown in Fig. 1,
each stage has its own active switch(es) with an associated
control circuit. The component count can be effectively reduced
if the active switches in different stages are shared. Fig. 2 shows
the proposed electronic ballast that is derived by integrating the
active switches in Fig. 1. Four MOSFETs, namely, S1 , S2 , S3 , and
S4 with intrinsic body diodes, D1 , D2 , D3 , and D4 , serve as the
active switches of the full-bridge inverter, which are controlled
by four gated signals, namely, vGS 1 , vGS 2 , vGS 3 , and vGS 4 ,
respectively.

Fig. 3 illustrates the time sequence of the control logic. The
bottom switches are gated by vGS 3 and vGS 4 at a low frequency
with a short dead time. The upper switches are gated by vGS 1
and vGS 2 . It is seen that vGS 1 and vGS 2 are high-frequency
rectangular-wave voltages when vGS 3 and vGS 4 are at high

Fig. 3. Time sequence of gated voltages.

voltage level, respectively. The dead time prevents the upper
switches and the bottom ones from conducting current simul-
taneously. The control circuit is shown in Fig. 4. The LM324
consists of four independent operational amplifiers. Two of them
are use to detect the zero-crossing point of the input ac voltage
and then, generate a low-frequency square voltage that is syn-
chronous with the ac input. A high-frequency square voltage is
generated from the TL494 that is a fixed frequency, pulsewidth
modulation (PWM) controller. The L6384 receives the low-
frequency voltage from LM324 and generates two complemen-
tary low-frequency square voltages between which there is a
short dead time controlled by connecting a resistor between pin
3 and ground. The low-frequency and the high-frequency square
voltages are “AND” by the 7408. Four devices TLP250 form
the full-bridge gate driver circuit for the MOSFETs S1–S4 in
Fig. 2.

In Fig. 4, the low-frequency square voltages, vGS 3 and vGS 4 ,
are synchronized with the line frequency (60 Hz). Thus, the
lamp operation is also synchronized with the line frequency.
Since the input voltage is rectified and then fed to the next stage
for power processing, the operation of S3 and S4 does not need
to synchronize with the line frequency. Their frequency could be
raised for operating the lamp at a higher frequency to improve
light quality. It is noted that there should be a short dead time
between vGS 3 and vGS 4 . During the dead time, all switches are
OFF and no current is drawn from the input line. It hampers the
input current to be sinusoidal. Increasing the frequency of vGS 3
and vGS 4 would increase the deviation of the input current from
a sinusoidal waveform and then reduce the effect of power-factor
correction.

The input power and lamp power are controlled by regulating
the duty ratio of the upper switches, S1 and S2 . This duty ratio,
namely D1 , is proportional to the pulsewidth of vGS 1 and vGS 2 .
Fig. 4 shows that the lamp power is open loop controlled. D1 is
adjusted by the variable resistor connected to Pin 4 of TL494.
Actually, Pin 4 controls the dead time of the output pulse of
TL494. The longer the dead time is, the smaller the duty ratio
is. For achieving a constant lamp power, a closed-loop control
must be used when the input voltage fluctuates. If a closed-loop
control is supposed to used, the variable resistor connected to
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Fig. 4. Control circuit.

Pin 4 should be removed. Then, a closed-loop control for output
PWM could be accomplished by monitoring and feeding the dc-
link voltage Vdc to the error amplifier in TL494. Generally, the
three-stage electronic ballast allows the soft start of the entire
system. The proposed electronic ballast can meet this purpose
by setting a longer dead time of the output pulse of TL494 at
startup, and then slowly reducing the dead time to increase the
duty ratio of S1 and S2 . By so doing, the input power can be
slowly increased at startup to achieve the soft start.

Power factor correction is performed by the buck-boost con-
verter formed by S1 and S2 , and three additional diodes, Db1 ,
Db2 , and Db3 , with an inductor Lp and the dc-link capacitor C1 .
By operating the buck-boost PFC at DCM at a fixed switch-
ing frequency, a unity power factor at the input line can be
achieved. The lamp power is regulated by a bidirectional buck
converter formed by C1 , the four active switches (S1–S4) and
two diodes Dx1 and Dx2 with an output filter formed by an
inductor Lb and a capacitors Cb . Since S1 and S2 are switched
ON and OFF at a high frequency, the components Lp , Lb , and
Cb can be small. It helps to reduce the product size and weight.
An LFSW voltage across Cb can be obtained by operating S3
and S4 at a low frequency. The high-frequency components of
the inverter output voltage vab can be filtered out by Cb and Lb .
An igniter with the transformer T1 generates a high voltage to
start up the lamp. A small low-pass filter (Lm and Cm ) is used
to remove the high-frequency current harmonics at the input
line.

For simplifying the circuit analysis, the low-pass filter, the
igniter circuit, and transformer T1 are omitted, and the MH lamp
is represented by its equivalent resistance Rlamp . In addition,
following assumptions are made:

1) all the circuit components are ideal;
2) the capacitance of C1 is large enough so that the dc-link

voltage Vdc can be regarded as a voltage source;
3) the capacitance Cb is large enough so that the voltage

across it remains almost constant in a high-frequency
switching cycle;

4) the lamp is regarded as an open circuit before ignition, and
a pure resistance at the steady-state operation.

Both the buck-boost converter and the bidirectional buck con-
verter are designed to operate at DCM. The circuit operation can
be divided into two categories depending on the states of S3 and
S4 . The corresponding operation modes are shown in Fig. 5(a)
and (b), respectively. At the steady state, the circuit operation
can be divided into four modes in a high-frequency cycle. Since
the operations in Fig. 5(a) and (b) are similar to each other, only
the operation modes in Fig. 5(a) are discussed. Fig. 6 illustrates
the theoretical waveforms for each mode. The circuit operation
is described as follows.

A. Mode I (t0 <t <t1)

This mode begins at the instant of turning ON the active
switch S1 . The rectified input voltage vrec is imposed on the
inductor Lp . Since the buck-boost converter is designed to oper-
ate at DCM, the inductor current ip increases linearly from zero
with a rising slope that is proportional to vrec . S3 operates at
a low frequency and keeps at the ON state. The voltage across
the inductor Lb is equal to (Vdc − vlamp ). The buck converter
is also operated at DCM, and thus, ib rises from zero linearly.
The capacitor C1 supplies a current through S1 , Dx1 , and S3 to
charge Cb .
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Fig. 5. Operation modes. (a) S3 is ON. (b) S4 is ON.

B. Mode II (t1 < t < t2)

The circuit operation enters this mode at the instant of turning
OFF S1 . S3 remains at ON state. ip will freewheel through diode
Db3 to charge C1 . Meanwhile, ib flows through S3 and D4 to
supply current to Cb and the lamp. The voltages across Lp and
Lb are equal to −Vdc and −vlamp , respectively. Therefore, both
currents decrease linearly.

As stated in Mode II, the rising slope of ip is proportional
to vrec . The higher vrec is, the higher the peak value of ip is.

Fig. 6. Theoretical waveforms.

Therefore, the time duration for ip declining to zero is not a
constant but varies with vrec . On the contrary, the rising and the
declining slopes of ib are both constant. The time duration for
ib to decline to zero is also constant. Thus, there could be two
possible modes following Mode II, depending on which current,
ip or ib , reaches zero first.

C. Mode III-A (t2 < t < t3)

When vrec is at a low level, the peak value of ip is low. Under
this condition, ip will decline to zero before ib does. As soon as
ip reaches zero, the circuit operation enters Mode III-A. During
this mode, only ib and the lamp current keep flowing and ib
decreases continuously. When ib reaches zero, Mode III-A ends
and the circuit operation enters Mode IV.

D. Mode III-B (t′2 < t < t′3)

On the contrary, when vrec is at a high level, the peak of
ip is also high. It will take a longer time for ip to decline to
zero. Therefore, ip may decline to zero later than ib does. The
circuit operation will enter Mode III-B when ib reaches zero. In
this mode, ip keeps flowing through Db3 to charge C1 while Cb

supplies current for the lamp. This mode ends at the time when
ip reaches zero and the circuit operation enters Mode IV.

E. Mode IV (t3 < t < t4)

During this mode, both ip and ib are zero. Only the lamp
current is supplied from Cb . When S1 is turned ON again, the
circuit operation returns to Mode I of the next high-frequency
cycle.

Based on the circuit operation, the proposed electronic ballast
can reduce the energy-processing steps as compared with the
three-stage one. It helps to reduce the circuit loss. However, two
active switches are saved at the expense of increasing the number
of diodes from 2 to 5. Also, S1 and S2 have higher current stress
since they should share the current paths in the buck-boost, buck,
and output inverter. Adding diodes in the current paths and high
current will result in more conduction loss.
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III. CIRCUIT ANALYSIS

Based on the circuit operation described in Section II, the cur-
rents flowing in the buck-boost converter and the bidirectional
buck converter do not interfere with each other even though
some active switches are shared. The features of the buck-boost
converter and the buck converter can be retained. Therefore,
the buck-boost PFC and the buck converter can be analyzed
separately.

A. Buck-Boost Power-Factor Corrector

The PFC is supplied from an ac line-voltage source

vs (t) = Vm sin (2π fL t) (1)

where fL and Vm are the frequency and amplitude of the line-
voltage source, respectively. In practice, fL is much lower than
the high switching frequency, fs , of S1 and S2 . It is reasonable
to consider the rectified input voltage as a constant over a high-
frequency cycle. During Mode I, either S1 or S2 is turned ON.
Since the buck-boost convert is operated at DCM over an entire
line-frequency cycle, ip increases linearly from zero and can be
expressed as

ip(t) =
Vrec(t)

Lp
t =

Vm |sin(2πfLt)|
Lp

t, 0 ≤ t ≤ D1Ts (2)

where Ts is the high-frequency switching period and D1 is the
duty ratio of S1 and S2 . At the end of Mode I, ip reaches a peak
value

ip,peak(t) =
Vm |sin (2π fLt)|D1Ts

Lp
. (3)

The waveform of the rectified current irec and ip are conceptually
shown in Fig. 7. Current irec is equal to ip during Mode I, and
keeps zero in other modes. It means that irec is equal to the rising
part of ip . The high-frequency contents of irec are removed by
the low-pass filter. Then, the input current is is equal to the
average of irec over a high-frequency cycle

is (t) =
1
Ts

∫ Ts

0
irec (t) · d (t) =

Vm TsD
2
1

2Lp
sin (2π fLt) . (4)

As comparing (1) and (4), it is noticed that the input current is
a sinusoidal waveform and in phase with the input-line voltage
if the duty ratio remains constant over an entire line cycle. As a
result, an HPF is achieved. The input power can be obtained by
taking average of its instantaneous value over one line-frequency
cycle

Pin =
1
2π

∫ 2π

0
vs (t) · is (t) d (2π fLt) =

V 2
m D2

1

4Lpfs
. (5)

Then, the lamp power can be calculated as

Plamp = η · Pin =
ηV 2

m D2
1

4Lpfs
(6)

where η represents the circuit conversion efficiency.
To operate the buck-boost converter at DCM, the following

inequality equation should be met:

Vm |sin(2πfLt)| · D1Ts − Vdc(1 − D1)Ts ≤ 0. (7)

Fig. 7. Theoretical waveforms of (a) irec , and (b) ip in high-frequency cycles.

From (7), Vdc should be designed to be high enough to ensure
DCM operation over an entire input line-frequency cycle

Vdc ≥ Vm · D1

1 − D1
. (8)

B. Bidirectional Buck Converter

According to the discussion on the circuit operation in
Section II, S1–S4 , Dx1 , Dx2 , Lb and Cb form a bidirectional buck
converter. The inductor Lb and capacitor Cb can filter out the
high-frequency components of the inverter output voltage vab .
Then, the voltage across Cb is a low-frequency square wave-
form. Fig. 8 shows the equivalent circuits of the bidirectional
buck converter. In Fig. 8(a), S2 and S4 are OFF. S3 is kept ON
and S1 is turned ON and OFF at a high frequency. In Fig. 8(b),
S1 and S3 are OFF. S4 is kept ON and S2 is turned ON and OFF
at a high frequency. Since the operations in Fig. 8(a) and (b) are
similar except that the polarities of ib and vlamp are reversed,
only the circuit operation in Fig. 8(a) is discussed.

When S1 and S3 are ON, the voltage across inductor Lb is

vLb = Vdc − vlamp . (9)

The inductor current ib rises from zero and will reach a peak
value at the instant of turning OFF S1 . Its peak value is

ib,peak =
(Vdc − Vlamp) D1TS

Lb
. (10)

When S1 is turned OFF, ib freewheels through diode D4 . The
voltage across Lb is

vLb = −Vlamp . (11)

This negative voltage causes ib to decrease. The duration for ib
decreasing from the peak value to zero is

Toff =
(Vdc − Vlamp) D1TS

Vlamp
. (12)
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Fig. 8. Equivalent circuit of buck converter. (a) S3 is ON. (b) S4 is ON.

TABLE I
CIRCUIT SPECIFICATIONS

For DCM operation, Toff should be shorter than (1−D1)Ts . It
means that Vdc cannot be too high and should be designed to
meet the following equation:

Vdc ≤
Vlamp

D1
. (13)

As can be seen in Fig. 6, ib is a triangular waveform. The
average value in a high-frequency cycle can be expressed as

ib =
(Vdc − Vlamp)VdcD

2
1TS

2LbVlamp
. (14)

At the steady state, the average value of ib is equal to lamp
current

ib =
Vlamp

Rlamp
. (15)

Combining (14) and (15), Lb can be obtained as

Lb =
(Vdc − Vlamp)VdcD

2
1TS Rlamp

2V 2
lamp

. (16)

IV. PARAMETERS DESIGN

An electronic ballast for a 70-W MH lamp is illustrated as a
design example. Table I lists the circuit specifications. The input

Fig. 9. Relation curves of Vdc versus D1 for DCM operation at (a) vs =
110 Vrm s , Vlam p = 85 V and (b) vs = 240 Vrm s , Vlam p = 85 V.

Fig. 10. Relation curves of Vdc versus vs .

voltage is 110 ± 10 % Vrms . The switching frequency of S1 and
S2 is 30 kHz while that of S3 and S4 is 60 Hz. The lamp voltage
and current at the rated power are 85 V and 0.82 A, respectively.
The design considerations are outlined as follows.

1) Step 1 (Choose Vdc and D1): Equations (8) and (13) show
the boundary conditions for operating the buck-boost converter
and the buck converter at DCM, respectively. Fig. 9(a) is an
illustrative example with vs = 110 Vrms and Vlamp = 85 V.
Between these curves, DCM operation is ensured for both con-
verters. From (6), the lamp power can be regulated by adjusting
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TABLE II
VOLTAGE/CURRENT STRESS IN THE DIFFERENT SEMICONDUCTORS

D1 . In this case, D1 should be less than 0.52. Besides, Vdc
should be designed as low as possible to reduce voltage stress
and switching loss on circuit components. In this illustrative
design example, Vdc and D1 are chosen to be

Vdc = 200V, D1 = 0.36.

It is noted that this proposed electronic ballast is suitable
for higher line voltages (220–240 Vrms). Fig. 9(b) shows the
boundary curves for DCM operation of both converters with
vs = 240 Vrms and Vlamp = 85 V. As compared with Fig. 9(a),
the applicable range of D1 in Fig. 9(b) is reduced at a high input
voltage. Although the designed values, Vdc = 200 V and D1 =
0.36, can still meet the DCM requirement, a higher Vdc and a
smaller D1 are preferred for the consideration of design margin.

2) Step 2 (Calculate Lp and Lb ): Using (6) and (16) and
assuming 85% circuit efficiency, Lp and Lb are calculated to be

Lp = 0.31mH, Lb = 0.71mH.

3) Step 3 (Calculate Vdc for 110± 10 % Vrms input voltage):
Equation (16) can be rewritten as

Vdc =
Vlamp

(
1 +

√
1 + (8Lb/D2

1TS Rlamp)
)

2
. (17)

From (6), D1 is inversely proportional to the input voltage for
achieving constant lamp power. It means that D1 should change
from 0.4 to 0.33 when vs changes from 100 to 120 Vrms .

Using (6), (13), and (17), the relation curve of Vdc versus
vs can be obtained and plotted in Fig. 10, showing that DCM
operation is maintained for the input voltage ranged from 100
to 120 Vrms .

4) Step 4 (Calculate Cb ): To prevent acoustic resonance
occurring, the energy caused by the lamp current ripple should
be small. It requires Cb be large enough to reduce the voltage
ripple, and hence, reduce the current ripple. The voltage ripple
of the lamp voltage is expressed as [27]

ΔVlamp

Vlamp
=

(1 − D)T 2
S

8LbCb
× 100%. (18)

In order to have a voltage ripple lower than 15%, Cb is calculated
to be larger than 0.83 μF. A large Cb would result in low voltage
ripple. However, the voltage across Cb changes polarity in every
low-frequency cycle. In the transient time for Cb to change the
polarity, high-value Cb would induce higher transient current

Fig. 11. Lamp voltage and current during starting transient (v lam p : 100 V/div,
ilam p : 2 A/div, time: 10 s/div).

and longer transient time for charging Cb to a stable value. There
should be a compromise between having low voltage ripple and
low transient current. Here, Cb is chosen to be

Cb = 1.0 (μF).

V. EXPERIMENTAL RESULTS

A prototype of the proposed electronic ballast was built and
tested with the circuit parameters as follows:

Lm = 2mH, Cm = 0.5μH, Lp = 0.31mH, Lb = 0.71mH

Cb = 1.0μF, Cdc = 330μF, S1−−S4 : 2SK2843

Db1 ,Db2 ,Db3 ,Dx1 ,Dx2 : MUR460.

Table II shows the theoretical formulas and calculated values of
the voltage and current stresses in the different semiconductors
when the proposed electronic ballast operates at the stead-steady
state. Here, the transient spikes of the current and voltage are
ignored.

Fig. 11 shows the lamp voltage and current during the starting
transient. After igniting the lamp, it takes about 50 s to initiates
the thermal equilibrium and finally reaches the steady-state op-
eration at the rated lamp power. Fig. 12 shows the waveforms
of the input voltage and current at 110 Vrms input voltage. The
input current is sinusoidal and in phase with the input voltage.
The circuit efficiency is 87%. The power factor is higher than
0.99 and the total current harmonic distortion (THD) is less than
5%. Fig. 13 shows the currents in the buck-boost converters and
the buck converter. It is seen that these converters can all operate
at DCM over an entire cycle of the line source. Nevertheless,
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Fig. 12. Input line voltage and current (vs : 50 V/div, is : 1 A/div, time:
5 ms/div).

Fig. 13. (a) Currents in the buck-boost converters (ip : 5 A /div, iD b 1 : 5 A/div,
iD b2 : 5 A/div, time: 5 ms/div). (b) current in the buck converter (ib : 2 A/div,
time: 5 ms/div).

the buck-boost converter and the buck converter have high peak
current at DCM operation. The measured peak currents are
6.0 and 1.9 A, respectively. Fig. 14 shows the currents of the
buck-boost converter in some high frequency. It verifies the op-
eration of the buck-boost converter. Fig 15 shows the current
flowing through active switch S1 and the inductor currents of
the buck-boost and the buck converters. Since the active switch
is shared by these converters, iS 1 is equal to the sum of ip and
ib when S1 is ON. The waveforms of lamp voltage and current
shown in Fig. 16 indicate that the lamp is driven by a 60-Hz
square current. The high-frequency waveforms of lamp voltage
and current are shown in Fig. 17. The measured values of the
voltage and current ripples are 10.5%. The lamp power ripple

Fig. 14. Currents of the buck-boost converter in high-frequency cycles (ip :
5 A /div, iD b 1 : 5 A/div, iD b 3 : 5 A/div, time: 10 μs/div).

Fig. 15. Waveforms of iS 1 , ip , and ib (iS 1 : 5 A /div, ip : 5 A/div, ib : 5 A/div,
time: 10 μs/div).

Fig. 16. Lamp voltage and current (v lam p : 50 V/div, ilam p : 1 A/div, time:
5 ms/div).

related to the lamp rated power is calculated to be 10.5%. The
lamp is operated stably and free from acoustic resonance. Much
of the literature claims that acoustic resonance can be triggered
by much smaller periodical input power if lamps are aged. From
(18), using a larger Cb can reduce the voltage ripple. However,
a large Cb would induce higher transient current. The voltage
and current waveforms of the upper and the bottom switches are
shown in Fig. 18. When S1 is turned OFF, the voltage across S1
is Vdc plus the voltage across Cb . When S3 is turned OFF, the
voltage across S3 is equal to Vdc . It is observed that when the
inductor currents of the converters decline to zero, these volt-
ages oscillate owing to the effect of parasitic capacitance and
inductance.

VI. CONCLUSION

A novel high power-factor electronic ballast for driving
MH lamps with an LFSW voltage is presented. The proposed
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Fig. 17. v lam p , ilam p , and ib during low-frequency transient (v lam p :
50 V/div, ilam p : 1 A/div, ib : 2 A/div, time: 100 us/div).

Fig. 18. Voltage and current waveforms of (a) upper switch (vD S 1 : 200 V/div,
iS 1 : 5 A/div, time: 10 μs/div) and (b) bottom switch (vD S 3 : 200 V /div, iS 3 :
2 A/div, time: 10 μs/div).

circuit is derived by integrating a buck-boost converter, a buck
converter, and a full-bridge inverter into a single stage. The
buck-boost converter performs as a PFC and operates at DCM
to achieve an HPF and low THD. The circuit operations are de-
scribed and the design equations are derived. A prototype circuit
designed for a 70-W MH lamp was built and measured to ver-
ify the theoretical analyses. Experimental results show that the
electronic ballast performs satisfactorily. A nearly unity power
factor and low THD can be achieved. The lamp is driven by an
LFSW current to avoid the occurrence of acoustic resonance.
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