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Abstract. Design requirement and performance
evaluation were carried out on an experimental
electronic ballast for High Pressure Sodium (HPS)
lamp. The ballast Included a high voltage ignitor
and dimming capability. It was used to drive and
examine the high frequency characteristics of a
commercial HPS lamp (NA V-T 150W (SON-T),
OSRAM). The experimental results reveal that for
the frequency range of this study (27 + 75kHz), the
lamp is free of the acoustic resonance problem. It
\vas aiso found that for the present experimental
conditions, the lamp is purely resistive and that the
resistance is practically independent of the power
level and operating frequency. The iamp exhibited
stable operation over a very large dimming range,
down to about 7% of nominal power. The 2.8kV
ignition pulse was found to be sufficient for both
cold and hot start up under the proposed operating
conditions.

The objective of this study was to explore the design
prerequisites for an electronic ballast suitable for driving lIPS
lamps. This was caITied out by designing a high frequency
inverter and associated ignitor and applying these to study the
electrical characteristics of a commercial HPS lamp (NA V -T
150W (SON-!), OSRAM).

II. POWER STAGE DESIGN

The power stage was built around a half bridge inverter
(Fig. 1) fed by a high voltage bus. The bus voltage of the

present design, was chosen to be 400V to make it compatible
with a 'universal' Active Power Factor Correction (PFC) front
end. The half bridge is driven by a square wave of variable
frequency to facilitate dimming. The drive signal includes dead
time that, along with the lossless snubber Csn, helps to

ensure Zero Voltage Switching (ZVS) of the main switches.
The square wave generated by the inverter is coupled to the
lamp via a blocking capacitor CI and a series inductor LI that

control the current of the lamp.
I. INTRODUCTION

Low and high intensity discharge lamps [1] are universally
recognized as the most efficient method of illumination. They
require, however, an extra circuitry (ballasts) to regulate the
current through the lamps. Electronic ballasts [1-3] can reduce
the overall size and weight of the 'ballast', facilitate dimming
and eliminate line frequency flickering [4].

High Pressure Sodium (lIPS) lamps belong to the class of
high pressure discharge lamps [5, 6], in contrast to
fluorescent lamps which are low pressure lamps [I]. The
main difference in the electrical characteristics between the
two groups are related to the ignition voltage requirements
and the susceptibility of the high pressure discharge lamps to
acoustic resonance. The acoustic resonance is associated with
the physical dimension of the arc and the internal pressure.
This problems were investigated in previous studies [7-11]
that consider the design of electronic ballasts for high pressure
Metal Halide Discharge (MHD) lamps. Little, however, is
known about the characteristics of lIPS lamps when driven
by high frequency electronic ballasts. Recent studies suggest
that, similar to the fluorescent and MIlD lamps, the lIPS
lamps should exhibit a resistive nature when driven at high
frequency [12]. Still, other key questions related to ignition,
dimming and the possibility of acoustic resonance
disturbances are yet open.

Fig. I. The proposed HPS lamp electronic ballast

The power delivcered to the lamp can be estimated by
considering the equivalent circuit presented in Fig.2.
Assuming that power contribution of the higher harmonics is
negligibly small as compared to that of the fundamental.Corresponding Author. Incumbent of the Luck-Hille chair of
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frequency component~ the power delivered to the lamp (PO

can be approximated by:
2

2V BUSRI

PI = (I)

tenn of Ll minimizing, if Cl is increased beyond this value.
The dashed area in Fig. 3 marks the operating points that do
not fulfu the ZVS conditions of (2).

The simplified relationship (I) implies that the power level
can be easily controlled by changing the switching frequency.
The higher the frequency the lower the power delivered to the

lamp.
Xi

where:
v BUS -the inverter's bus voltage.
(J)s = 21tfs.

fs -switching frequency.
Rl- lamp resistance.

RI

Fig. 2. Simplified equivalent circuit of the proposed ballast.

Fig. 3. Graphical presentation of equation (3).

Ill. IGNITOR

The high voltage spikes. necessary for ignition, are fed to
the lamp serially via the inductor LI {Fig. 1). The spikes are

generated by a pulser {Fig. 4) that deliver a high voltage
excitation to the Lig wound around the core of LI. The turns

ratio between the two windings was chosen to be about 12.

Expression (I) assumes that the lamp represent a pure
resistance (Rv as suggested previously [14] and was verified

in this study (see section IV(B) below). To retain ZVS, the

switching frequency should be above the resonant frequency.
That is:

1(J)sLl > -
C (2)

ros 1

The blocking capacitor CI and the series inductor LI,
connected in series, control the current through the lIPS
lamp. However, the values of CI and LI, for a given series
impedance, are not unique. In practical cases there are
normally additional constraints such as minimizing the
magnetic components. This optimization objective can be
explored by rewriting expression (I) in the form:

(3)~=A*+
RI

1
rosCIRl

where A * is defmed in terms of known design parameters:

A*= 2~US
-1

1t2RIPI . (4)

-

Fig. 4. The detailed ignitor circuit.

Equation (3), presented graphically in Fig. 3 reveals that
minimum LI values are obtained for operating point to the

right of the dashed line (Fig. 3, Clmin). That is, a reasonable

operating point is:reached when (J)sCIRI == 1.6 and when ~

is chosen according to the required A * .LitlIe is gained, in
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PI = 150W and nominal r.m.s lamp current Ilr.m.s = 1.8A

(OSRAM's ca~Iogue AB 300 E 2/91).VBUS = 400V;
fsnom = 26.7kHz; RI = 46.3.0. (from nominal PI and Ilr.m.s

* (l)sLI .

da~); A = 2; (l)sCIRI = 1.6; CI = 0.22j.J.F; ~= 2.5; LJ

= 700j.J.H; n = 12; Lig = 6.6j.J.H; fSdimm = 26.7 + 75kHz.

That is, for a 400V excitation, the secondary should reach,
theoretically, peak levels of about 4.5kV. In practice, the
spike voltages will be lower due to various voltage drops
such as the overall resistance of the primary {taking into
account the skin effect), the ESR of Cig, stray inductances of
the wiring and the coupling between the primary and
secondary. Ignition pulses of the experimental ballast were
measured to be about 3kV, which is ample for ignition of the
lamp under study.

The pulser (Fig. 4) comprises a thyristor driven by a
DIAC. The time constant R6Cig was chosen to be shorter
than the time constant {(R91IRlO)C2) .Consequently, the

capacitor Cig is charged faster, building up the voltage of the
thyristor before the DIAC pulse is delivered. The pulse
repetition rate was chosen to be about 200 pps, which was
found ample to ignite the lamp within a fraction of a second
both for a cold and hot lamp. The duration and shape of the
ignition pulses are controlled by two processes: the resonance
interaction of Lig,Cig and saturation of the core. The
resonance frequency of the ignitor circuit

A. Ignition
The typical ignition record of Fig.5 illustrates the start up

sequence. The high voltage pulse excites the lamp until an arc
is established. Once ignited, the low impedance of the lamp
shunts the high voltage pulses and the lamp's current stans to
build up. Applying the approximate expression (7) the upper
limit of the current at in iig is 73A. In practice, current levels

of 40A were found in the experimental ballast.

(5)

Fig. 5. Measured waveforms of the ignition peak voltage
(Vlampig) and the lamp current (ilamp) of the

experimental HPS lamp (NA V -T 150W (SON -T),
OSRAM) during lamp start up when driven by the
proposed electronic ballast. Vertical scales: 1030 Vldiv,
1.0 Ndiv. Horizontal scale: 10 ~Sldiv.

will prevail as long as the core does not saturate. Saturation
could be easily reached considering the fact that the number of

turns of Lig will be small ( Lig = ~).
n

The time duration that the core can sustain a pulse is given
by:

2NAeBsts = -v;- (6)

where:

ts

Ae

N

Bs

Vs

-time to saturation, sec.

-effective area, m2.

-number of turns of Lig.

-flux density at saturation, T .
-inductor voltage, V (V s = v BUS).

B. The Electrical characteristics of HPS lamps at HF
The typical waveforms of Fig. 6 suggest that, under the

present operating conditions, the lamp is resistive. This was
further veriQed by registering the V-I characteristic (Fig. 7a)
for different power level. These experimental data reveal that
not only that the lamp is resistive but that the resistance is
independent of the power level. This is in contrast to the
resistance of a low pressure lamp that decreases as the power
level is increased (Fig. 7b).

The resistance of the lamp under study, NAV-T 150W
(SON-1), OSRAM, was found to be about 45Q (Fig. 8), very
close to value calculated from the manufacturer's 50/60 Hz
data (46.3Q). The measured power levels were close to the
ones calculated by the approximate.equation (I).

The holding time (ts) should be long enough to strike the arc.
Our experience shows that a 1 J.l.S pulse will suffice.

It should be noted that the instantaneous primary current
will reach rather high values. Assuming a sinusoidal
waveform, the upper limit of this current (llimiu can be
estimated by:

V BUS
Ilimit = -(7)

-/!ig.

-\I Cig

IV. EXPERIMENT AL RESUL TS

c. Dimming
Dimming was controlled by increasing the switching

frequency over the range 27kHz to 75kHz. The range of a
stable dimmed light was found to be extremely large,
extending down to about 7% (9W) of the experimental power
level (130W). Light stabilization time between a dimmed
conditioned and nominal power was found to be dependent, as
one would expect, on the initial power level (Fig. 9).

The design parameters of power stage for the experimental
electronic HPS ballast were derived by the proposed design
procedure given in section IV(D) below. The HPS lamp was a
NAV-T 150W (SON-T), (OSRAM) of a nominal power
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time the reason being that its curve overlaps with tha~ of

the feedforward control.

We have implemented the Boo controller and the ex-

perimental results are close to those predicted by theory

or simulation.
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