
Observations of hollow cathode light emission from a transient hollow 
cathode discharge 

E. Wyndham, H. Chuaqui, and M. Favre 
Facultad de FMca, Pontificia Universidad Catblica de Chile, Casilla 306, Santiago 22, Chile 

P. Choi 
The Blackett Laboratory, Imperial College, London SW7 2BZ, United Kingdom 

(Received 7 May 199 1; accepted for publication 6 August 199 1) 

Experimental observations are presented on the light emission from the hollow cathode 
region of a pulsed hollow cathode discharge. A 2 mJ, 30 ns, 1.06 pm laser pulse incident on 
the back of the cathode is used to trigger the discharge. The temporal evolution of the 
light emission from this region is recorded in 50 nm spectral bands. Comparisons are made 
with the laser applied before and after the application of voltage across the discharge- 
chamber. Clear experimental evidence is found of the importance of a transient volume hollow 
cathode process prior to gas breakdown in the main discharge region. 

A class of pulsed hollow cathode discharge (PHCD), 
including the pseudospark’ and the back-lit thyratron,’ has 
been identified as a suitable device for high-voltage 
switching.3 These discharges operate at low pressure with 
axi-symmetric electrodes, the cathode of which possesses a 
small hole connecting the main discharge region to a large 
hollow cathode region (HCR) . Various triggering schemes 
have been tried with considerable success: a trigger elec- 
trode behind the cathode,4 an auxiliary glow discharge,’ 
electron beam triggering,6 ultraviolet (UV) flash tube 
light7 and illumination by unfocused UV laser light on the 
back of the cathode surface.2 We have recently reported 
the switching behavior with a focused 30 ns pulse of 1.06 
pm laser light at ,uJ to mJ levels.8S9 In all cases the distinc- 
tive property of the discharge is the plasma seen in the 
HCR prior to switch commutation.” The physical pro- 
cesses are very different behind and in the main axial dis- 
charge volume due to the vastly different values of the 
reduced electric field, E/N. In addition, the very high E/N 
in the main discharge region has made modeling of the 
breakdown phenomena difficult, although good results are 
being obtained in parts of the discharge formation regimes 
at relatively high working pressure.1’,‘2 However, no clear 
agreement has been established on the precise role of the 
prebreakdown plasma in the HCR. Although optical ob- 
servations of the main axial volume have been 
reported,13’14 few time-resolved observations of light emis- 
sion behind the cathode have been made. In this letter, we 
present time resolved observations of the light emission 
between 250 and 600 nm from the HCR of a laser triggered 
PHCD in dry air. 

The electrical discharge apparatus has already been 
described in a previous paper.’ The discharge is obtained in 
a 10 cm long and 4.5 cm diam chamber with a hollow 
cathode. A 50 kV pulse with a rise time of less than 50 ns, 
generated from a Marx circuit, is applied across the anode- 
cathode gap. The light emission from the HCR is collected 
via a quartz fiber with one end shaped into a spherical 
globe. The globe is positioned away from the hole on the 
cathode and close to the electrode surface to ensure that 
only emission from the HCR would be collected. The other 

end of the fiber optics is taken to a low resolution f/l 
spectrometer. The light output was measured in 50-nm- 
wide bands between 250 and 600 nm using a Hamamatsu 
R828 photomultiplier tube. The absolute sensitivity at 400 
nm for light incident on the 2 mm diameter globe was 
calibrated to be 340 A W - * cm - 2. Very good light rejec- 
tion of the main discharge emission as well as high sensi- 
tivity was obtained by these means. 

Two schemes -were used to investigate the discharge 
initiation with the laser pulse focused through a f/7 lens at 
a point on the back surface of the cathode next to the hole. 
The schemes differ in the relative timing between the laser 
initiating pulse and the applied voltage pulse. In scheme 1, 
the laser pulse is applied after the high voltage has been 
established across the discharge chamber,- so the laser pro- 
duced ionization is created in the presence of an electric 
field. In scheme 2, the laser pulse is applied prior to the 
application of voltage to the discharge chamber and the 
laser produced ionization is created without the assistance 
of an external electric field. The breakdown characteristics 
under these two regimes have been discussed in detail in 
Ref. 9. 

Using scheme 1, with the laser pulse coming 1.1 ps 
after the high voltage is applied, the light emission in dif- 
ferent bands is shown in Fig. 1 while the actual voltage 
across the chamber is shown in Fig. 2 together with the 
light emission at two different wavelength bands. The spec- 
tra were collected in different shots though the data is 
highly reproducible. The discharges were made in 30 ybar 
of dry air with an incident laser energy of 2 mJ. At this 
pressure, no breakdown would be observed in the absence 
of the laser pulse. 

No light output was detected during the 900 ns after 
the voltage is applied and before the laser pulse. On the 
arrival of the laser pulse there is a rapid rise of light emis- 
sion at all wavelengths with a following decay in intensity 
after the end of the laser pulse. Hdwever, at the 305 and 
360 nm band, after the initial fall in intensity, the signals 
begin to increase for the next 100 ns or so before decaying 
in the ensuing 400 ns. A similar increase in emission is also 
seen in the 440 nm band. At all the wavelengths observed, 
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FIG. 1. Light emission at different wavelength bands as a function of 
time. The laser pulse is applied 1.1 ps after the start of the voltage pulse, 
which corresponds to t = 0. 

we see a sudden increase in the hollow cathode activity 
well before electrical breakdown, defined as 10% point of 
the final current, and the light emission rapidly rises to a 
maximum. The signal tends to start later as the wavelength 
under observation is decreased. In all wavelength bands, 
the signal maximum corresponds to the time when the 
applied voltage is just beginning to collapse (defined as 
falling to 90% of the applied voltage). It is particularly 
notable that once this maximum is reached there is an 
immediate fall in intensity, even though the discharge cur- 
rent is rising fast during this period and the voltage in the 
main gap is collapsing. Thus, we find an apparent decou- 
pling between the two volumes. 

When the order between the laser and the voltage pulse 
is reversed with the laser pulse preceding the voltage pulse 
by 1.75 ps, we observe the light emission shown in Fig. 3. 
The voltage across the electrode is shown in Fig. 4 together 
with the emission at two different wavelength bands. The 
emission due to the application of the laser pulse is similar 
to that in Fig. 1, notably the enhanced emission at 360 and 
440 nm bands, even though no electric field is present at 
the time. On the application of the voltage, the light output 
increases dramatically within a short time. The 550 nm 
band signal begins to rise within 50 ns of the start of the 
voltage pulse, that is during the rise of the applied voltage. 
The delay between the start of the voltage and the start of 
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FIG. 2. Light emission (full line) and voltage pulse (dotted line) at two 
selected wavelength bands. The laser is applied 1.1 ps after the start of the 
voltage. 

FIG. 3. Light emission at different wavelength bands as a function of 
time. The laser pulse is applied 1.75 ps before the start of the voltage. 
t = 0 corresponds to the laser pulse. 

the emission increases as we move towards the shorter 
wavelength, for example at the 250 ns band, the signal does 
not begin until 200 ns after the start of the voltage. Emis- 
sion at all bands reach their peak value around the time 
voltage across the chamber begins to collapse. At this pres- 
sure, the fall of the voltage usually takes 150-200 ns. Dur- 
ing this time, the optical emission is found to fall rather 
rapidly. The 250 nm band signal tends to fall faster than 
that at longer wavelengths. 

In the case of applying the laser pulse after the start of 
the voltage, two principal observations are evident. The 
first is that no significant optical emission occurs upon the 
application of voltage in the absence of the external exci- 
tation source. The second is that even though the laser 
pulse, at 2 mJ, is sufficient to cause local excitation and 
ionization and hence significant emission, the breakdown 
of the main gap does not happen immediately. The delay 
between the laser emission and the start of the detected 
prebreakdown emission is about 500 ns in the example 
shown above and tends to be longer as the energy of the 
laser pulse is reduced. In the case of applying the laser 
before the start of the voltage, the optical emission is seen 
to begin as soon as the voltage is applied and an electric 
field is present in the hollow cathode region. 

The near UV enhancement in the signal can be asso- 
ciated with the excited state of nitrogen. In particular, the 
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FIG. 4. Light emission (full line) and voltage pulse (dotted line) at two 
selected wavelength bands. The Iaser is applied 1.75 ~LS before the start of 
the voltage. 
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increase in signals in the 305 and 360 nm bands within 100 
ns after the laser excitation can be interpreted as that of the 
emission originating from a radiative decay of the N,(C) 
state and thus the population of the N,(B) state. The pres- 
ence of these long lived excited states of nitrogen would 
significantly enhance the ionization processes within the 
hollow cathode region a long time after the laser pulse. 
Previously, using the same apparatus, we have measured 
the time to breakdown in nitrogen as the delay between the 
application of the laser pulse and the voltage was varied 
and found that the breakdown time remained low for delay 
up to 100 ps after which time the delay increases.’ The 
measurements here suggest that long living metastables 
could be present and assist ionization upon the application 
of the voltage. 

The conclusion one can draw by comparing the optical 
emission from the two cases studied is that the pulsed hol- 
low cathode process, which is responsible for the enhanced 
breakdown of the main gap at low pressure, is a volume 
process which takes place throughout the hollow cathode 
region. The volume process suggested by the present ob- 
servation is in agreement with recent simulation.” It is 
clear that enhanced local ionization near the cathode ap- 
erture does not immediately lead to breakdown of the main 
gap, whereas enhanced volume ionization due to the pres- 
ence of excited neutrals contribute to the creation of the 
hollow cathode plasma which leads directly to the gas 
breakdown in the main gap. 

In conclusion, we find clear experimental evidence for 
the importance of transient hollow cathode ionization pro- 
cesses in the prebreakdown phase of pseudospark type 
pulsed hollow cathode discharges. The role played by long 
living species in the ionization process -within the hollow 

cathode volume is observed. Further work with higher spa- 
tial and temporal resolution should allow us to identify 
more clearly the different primary and secondary ioniza- 
tion process in such discharges. 
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