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Plasma Dynamics During Breakdown in
an HID Lamp

Ananth N. Bhoj and Mark J. Kushner, Fellow, IEEE

Abstract—Large starting voltages in metal halide lamps result
in sputtering of the electrodes and reduced lamp life. A two-di-
mensional plasma hydrodynamics model was used to investigate
breakdown in metal halide lamp. Images depicting the progress of
the breakdown in Ar during cold startup are presented.

Index Terms—Avalanche, breakdown, HID, lamp, modeling,
plasma.

ETAL halide arc lamps are widely used sources of in-

door and large area outdoor illumination due to their fa-
vorable color characteristics and high efficiency [1]. The cold fill
of such lamps contains 10s of torr of a rare gas, typically Ar, with
the vapor pressure of condensed metal and metal-halide salts.
The electrical breakdown during startup produces warming of
the discharge tube and vaporization of the metal (-halide) salts,
resulting in a multiatmosphere plasma at steady state. The high
voltages needed to breakdown the gas may sputter electrode ma-
terial and decrease the life of the lamp. In order to facilitate
breakdown of the cold gas, techniques such as auxiliary elec-
trodes and ultraviolet (UV) radiation sources are often employed
to create seed electrons in the discharge tube [2].

A two-dimensional plasma hydrodynamics model [3] was
implemented on a geometry closely resembling a commercial
polycrystalline alumina metal halide lamp to simulate break-
down processes during cold startup. The variables solved are
the electric potential from Poisson’s equation and species den-
sities from multifluid transport equations. Gain and loss terms
include sources from electron impact ionization and excitation;
and electron secondary emission and photoionization due to ex-
ternal UV sources and internally generated photons. Sources
due to secondary electrons emitted from the cathode are ac-
counted for using a Monte Carlo simulation. The species in-
cluded in the simulation are Ar, Ar*, Ar™, Ar*™*, Ar}, and Ar}.
The model uses unstructured meshes created using SkyMesh2
[4], a commercial mesh generator. Individual images were cre-
ated from the raw data from the model using Tecplot v8 [5] and
Corel Draw v12 [6], and assembled into the final image using
Adode Photoshop v7 [7].

The cylindrically symmetric discharge tube is 1 cm in diam-
eter. The upper electrode is the powered anode and the lower
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electrode is the grounded cathode. The interelectrode gap is
1.6 cm. The voltage applied to the anode is 2000 V with a rise
time of 150 ns.

The progress of the breakdown is shown in Fig. 1 for Ar at
30 torr by images of the electron density and electron impact
source functions at various times. Electric field vectors (relative
scaling) are superimposed on the source functions. An enlarge-
ment of the avalanche head at 175 ns is also shown. At 125 ns,
the electric field in the vicinity of the anode rises and is geo-
metrically enhanced due to the electrode structure. Peak electric
fields of 700-800 Td (1 Td = 10~'7 V — cm?) elevate the elec-
tron temperature T, producing large electron impact sources
close to the anode, and the electron density begins to avalanche.
By 175 ns, the increasingly conductive plasma expels the elec-
tric field. The peak electric field then moves toward the cathode,
aided by photoionization.

A cathode directed streamer-like structure develops having a
large electric field due to space charge separation at its head.
T, increases in the in the avalanche front producing large elec-
tron impact sources which also traverse the gap. The electron
density rises in the ionized region behind the avalanche front,
compressing the applied voltage into the unionized region ahead
of the avalanche front. Although electron sources are largest at
the head (lower tip) of the avalanche, nonnegligible sources also
occur on its radial boundary where electric fields are large due
to charge separation. At 275 ns, the avalanche is past halfway
down the tube and the electric field vectors begin turning in-
wards toward the cathode. Their magnitudes increase due to
both geometrical enhancement and by compression of the ap-
plied voltage that has been expelled from the high conductivity
regions behind the avalanche front. Secondary electron emis-
sion from the cathode significantly contributes to ionization in
these large electric fields by 300 ns. At gap closure, an anode
directed avalanche front is initiated.
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Fig. 1. Plasma characteristics during breakdown in Ar at 30 torr in a metal halide lamp. (Top) Electron density. (Bottom) Electron impact ionization sources with

superimposed electric field vectors. Vector symbols have relative scaling with respect to the magnitude of the field. An enlargement of the avalanche head at 175 ns
is shown by the inset.
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