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Gap Closure in a Cold Metal Halide Lamp

Brian Lay, Shahid Rauf, and Mark J. Kushner

Abstract—The breakdown of a cold metal halide lamp has been < 1 cmy
investigated using a two-dimensional, plasma transport model. Im- Fi
ages are presented of the electron density during the trigger and n
sustain voltage pulses. Charging of the sidewalls of the lamp are

found to be important during gap closure. EIGCtrOde\ Air
Index Terms—Arc discharges, avalanche breakdown, glow dis- Powered ,]
charge devices, lighting, plasma applications. Electrode

ETAL halide high-intensity-discharge (HID) lamps op- Windings

erate as high-pressure thermal arcs [1]. The cold fills Trigger
of HID lamps are typically 50-100 torr of a rare gas, usually Electrode  piaema /Quaﬂz Tube
argon, and a dose of the metal or metal-halide salt. The va
porized metal (-halide) produces the multiatmosphere plasmi

Grounded

which is the source of quasi-continuum radiation. Although the Grounded

Housing\

steady state voltage of the thermal arc is only tens of volts, man

kilovolts are required to breakdown the cold lamp [2]. As exces- ‘/\
sively high breakdown voltages increase electrode sputtering ‘]
thereby reducing lifetimes, there is motivation for developing

Fin

strategies for lamp starting which minimize the duration of large
applied voltages. One method to reduce sputtering is to emplo'
an auxiliary trigger electrode to preionize the gap.

To investigate startup strategies, a two-dimensional plasmi ¢_ Cylinder Center-line
transport model, based on that described in [3], has been devel-
oped. The improved model uses an unstructured mesh, gridéed1. Schematic of the cylindrical model lamp geometry.
using Skymesh2 [4], discretized using finite volume algorithms.

The transport equations for electrons, ions, and neutrals are seFEJ—I. dtothe | d tri lectrodes. Seed elect
arately implicitly solved simultaneously with Poisson’s equéa- plied to the Jower-and Irigger electrodes. seed electrons are
ovided by electric field emission from the tip of the trigger

tion. Secondary electron emission by ion and excited state ig— trode. The i d using Tecolot v8 5] and
pact is included, as is thermionically enhanced electric fie ectrode. The images were prepared using Tecplot v8 [5] an

emission. Radiation transport is also included as a source of i Iq_mbined using Photoshop V_5 [6]. . -
ization. The species in the model are Ar, Ar(4s)AArs, Art Images of the electron density during gap closure are in Fig. 2.
Hg, Hg(6p) and Hg ' TTER2TTI As the voltage ramps up on the trigger electrode, field emis-

The cylindrical model geometry, shown in Fig. 1, is for gionfromthetriggerelectrodetip produces seed electrons which

quartz discharge tube 2 cm in diameter with an interelectroggﬁ toward the lower electrode (30 ns). By 60 ns, the electron

gap of 3.7 cm. The rod electrodes, 1 mm in diameter, have wi gns_ity s rapi_dly incr_easing in the high electric field near the
windings near their tips. A trigger electrode is a few millimeter Indings. During the interpulse period (105 ns), the electrons

from the lower electrode. The gas fill is 75 torr Ar and 0.08 to iffuse between the lower and upper electrodes. Upon applica-

Hg, corresponding to about 40 C lamp temperature. At 20 rﬂ?n of voliage betyveen the '°Wef and Upper glectrod_es (130 ns)
a 70-ns wide—600 V pulse is applied to the trigger eIectrodiﬁ avalanche begins from the high electric field regions at the
i

; of the trigger and lower electrodes. At 180 ns, the avalanche
while the powered (lower) and grounded (upper) electrodes r%it is first directed toward the upper electrode and radially out-

ward (along electric field lines) toward the lamp wall. Charging
' ' _ ~of the lamp walls and reduction of the local electric field due
Manuscript received June 28, 2001; revised November 2, 2001. This wqgk the increasing plasma conductivity redirects the avalanche
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Fig. 2. Electron density at different times during gap closure as noted below each figure. The rangpdtthe electron density in the figure is noted in the
brackets. The trigger pulse ends at 90 ns. The sustain pulse begins at 115 ns and ends at 400 ns.
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