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Investigations on the characteristics of a plane cathode-comb anode discharge are presented. This 
discharge arrangement consists of a plane cathode with a series of anodes, resembling a comb, above 
it. A significant increase of the discharge voltage was obtained by increasing the number of comb- 
teeth. Voltage-current characteristics, the intensity and the spatial distribution of He, Al, and Ar 
spectral lines were investigated as functions of the number of comb-teeth, He pressure and discharge 
current. Due to the increase of discharge voltage, the spectral line intensities increased significantly 
in the negative glow region. In case of the Al-I 396.1 nm and the He-I 318.7 nm lines an intensity 
peak was observed also in the cathode glow region. This peak was pronounced in the case of high 
voltage anode arrangements and is attributed to excitation by positive ions.

Introduction

High voltage discharges are of great interest be­
cause of their application in plasma processing and 
lasers operating in the uv and vuv region [1-3]. Hol­
low cathode discharges are used for these purposes 
since they contain a relatively large number of high 
energy electrons.

In general, the discharge voltage can be increased 
by increasing the loss of charge carriers in the dis­
charge. This aim can be reached by a suitable choice 
of the electrode geometry.

There are two basic solutions. In the case of the 
H AC (hollow-anode-cathode) arrangement, the loss of 
the charge carriers is caused in the cathode dark space 
by placing the anode rods there. This leads to a signif­
icant loss of electrons, which can be controlled by the 
number of the anode rods [1]. The other possibility is 
a helical device, where a metal wire constitutes the 
hollow cathode and the anode is placed outside the 
cathode coil. Here the loss is produced by the side­
ways diffusion of the charge carriers from the negative 
glow between the windings of the coil. The discharge 
voltage can be increased by increasing the distance 
between the windings [4, 5].

Originally the plane cathode + comb anode ar­
rangement was chosen because its realization is easier 
than that of the two devices mentioned above. Since a 
relatively large distance between the plane cathode 
and the comb anode can be chosen, the excitation
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processes near the cathode surface can be studied. 
Endoergic charge transfer collisions have been investi­
gated in this region. This process may be a promising 
excitation mechanism for lasers operating in the vuv 
region [6, 7].

A significant increase of the discharge voltage was 
obtained by increasing the number of comb-teeth. 
With five teeths, voltages up to 2.4 kV were reached. 
The intensity distribution of the He, Al and Ar spec­
tral lines was investigated. A significant enhancement 
of spectral line intensities was observed in the negative 
glow region. Furthermore, in case of the He-I 
318.7 nm and Al-I 396.1 nm lines an intensity peak 
occurred also in the cathode glow region near the 
cathode surface. This peak was pronounced in case of 
high voltage anode arrangements, and was attributed 
to the excitation by positive ions [8].

Experimental

Cross-sectional views of the electrode arrangement 
are shown in Figure 1. The electrodes were made of Al 
and were placed in a Pyrex tube. The teeth forming the 
comb structure of the anode were 0.5 mm thick and 
were placed above the plane cathode at a distance of 
1 mm. This relatively large distance gives a good pos­
sibility to study the region near the cathode surface. 
The anode structure was machined from one piece. In 
this way accurate positioning of the teeth was ob­
tained. The number of teeth was changed by placing 
different compact anode systems above the cathode.
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light passing the slit was collected by a second lens L2 
( /  = 16 cm) which imaged it into the entrance slit of a 
ZEISS-PGS 2 spectrograph. For light detection a 
Pacific Photometric Inst. 62/3Al4 type photomulti- 
plier was used. The spatial distribution of spectral 
lines was investigated between the oblong anode teeth 
in the direction perpendicular to the cathode surface.

r - < § >  0

Fig. 2. Experimental set-up. T discharge tube; Lj, L2 lenses, 
D diaphragm; S spectrograph; M photomultiplier.

Results

Voltage-current characteristics measured for differ­
ent teeth numbers are shown in Figure 3. As expected, 
a significant increase of discharge voltage was ob­
tained by increasing the number of teeth. This voltage 
increase is attributed to the higher loss of electrons in 
the cathode dark space caused by the anode teeth 
placed there.

The voltage-current characteristic of the tube with 
a single anode is relatively flat and similar to that of 
a hollow cathode discharge.

The discharge voltage decreased with increasing 
pressure. In the tube with a single tooth, however, a 
slight increase of the discharge voltage could be ob­
served, as can be seen in Figure 4.

The spatial distribution of the spectral lines was 
investigated in the direction perpendicular to the cath­
ode surface. These measurements give information on

The accurate machining and positioning of this anode 
system was found to be simpler and easier than in the 
case of HAC and coil cathode electrode arrangements. 
Anodes having one, three and five teeth were used.

The discharge was excited by a d.c. power supply 
capable of delivering 3 kV voltage. The discharge cur­
rent was kept below 15 mA in order to prevent dam­
age of the tube by the dissipating heat.

The discharge tubes were filled with He or a He-Ar 
gas mixture. The lower limit of the applied pressure 
was determined by the voltage of the power supply, 
the upper limit was found to be 15 mbar, where the 
discharge contracted into the form of a thin layer.

The optical arrangement is shown in Figure 2. A 
4 times magnified real image of the cathode region 
was obtained using a lens L1 of /  = 7.6 cm. Small 
regions of the discharge were selected by using a 2 mm 
slit. The motion of the lens, perpendicular to the opti­
cal axis, was produced by a micrometer screw. Thus 
different parts of the discharge could be studied. The
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Fig. 3. Discharge voltage as a function of discharge current 
in case of 1, 3 and 5 anode teeth; He pressure 10 mbar.
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Fig. 4. Discharge voltage as a function of He pressure in case 
of 1, 3 and 5 anode teeth; discharge current 10 mA.

i.O 0.5 1.0 1.5 2.0 2.5 3.0

Fig. 5. The spatial intensity distribution of the He-I 492.2 nm 
line in case of 1, 3 and 5 anode teeth measured at 5 mA 
discharge current and 15 mbar He pressure.

the discharge distribution and also on the excitation 
mechanisms taking place in the negative glow and 
near the cathode surface. The strong He-I 492.2 nm 
spectral line was used to adjust the optical system. Its 
spatial distribution is shown in Figure 5. The intensity 
increased with increasing number of teeth, in accor­
dance with an enhanced electron impact excitation 
rate due to the higher discharge voltage. The intensity 
maximum, moving away from the cathode surface by 
increasing number of teeth, can be explained by the 
following: an optimum electron impact excitation rate 
(an optimum electron energy distribution) belongs 
to each intensity maximum. The higher discharge 
voltage (in case of increasing number of teeth) changes 
this distribution so that the density of higher energy 
electrons increases in it compared to the optimum 
case. To reach again the optimum energy distribution, 
the electrons should take part in further collisions to 
loose energy, which results in moving the intensity 
maximum away from the cathode surface.

A similar spatial intensity distribution was ob­
served for the He-II 468.6 nm and the Ar-II 476.5 nm 
ionic lines. Figure 6 and Fig. 7 show their maximum 
intensities and the discharge voltage as a function of 
the number of teeth. The intensity of both ionic lines 
increased considerably with increasing number of

teeth. Since the upper level of the He-II 468.6 nm line 
is excited by electron impact, its intensity curve fol­
lows closely that of the discharge voltage. A difference 
occurs, however, between the curves of the intensity of 
the Ar-II 476.5 nm line and the discharge voltage. 
Since the ionization potential of Ar is lower than that 
of He, Ar ions can be produced also by Penning-ion- 
ization via collisions with metastable He atoms. 
Therefore a lower voltage is needed to maintain the 
discharge, and thus a flat curve of discharge voltage 
vs. number of teeth occurs. However, the intensity of 
the Ar-II 476.5 nm line increases strongly with in­
creasing number of teeth, since many He 23S 
metastable atoms and ground state Ar ions are pres­
ent in the discharge, and this transition is excited by 
energy transfer collisions between metastable He 23S 
atoms and ground state Ar ions.

The spatial intensity distribution of the presented 
He and Ar spectral lines exhibited a single peak in the 
negative glow region.

In the spatial intensity distribution of the Al-I 
396.1 nm and the He-I 318.7 nm lines two peaks oc­
curred, however, one near the cathode surface and the 
other in the negative glow region (Figures 8-11). The 
first peak corresponds to excitation in the cathode 
glow region. As can be seen in Fig. 8, the cathode glow
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Fig. 6. The intensity maximum of the spatial distribution 
and discharge voltage as a function of the number of teeth in 
case of the He-II 468.6 nm line. He pressure 10 mbar; dis­
charge current 10 mA.

Fig. 8. The spatial intensity distribution of the He-I 318.7 nm 
line in case of 1, 3 and 5 anode teeth measured at 10 mbar He 
pressure and 10 mA discharge current.
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Fig. 7. The intensity maximum of the spatial distribution Fig. 9. The spatial intensity distribution of the Al-I 396.1 nm
and discharge voltage as a function of the number of teeth in line in case of different discharge currents at 10 mbar He
case of the Ar-II 476.5 nm line. Partial pressure of He 10 mbar, pressure, 
that of Ar 2.5 mbar; discharge current 10 mA.
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mm
Fig. 10. The spatial intensity distribution of the He-I 318.7 nm 
line in case of different He pressures at 10 mA discharge 
current.

mm
Fig. 11. The spatial intensity distribution of the He-I 318.7 nm 
line in case of different discharge currents at 10 mbar He 
pressure.

peak at the He-I 318.7 nm line is hardly observable in 
the one anode tube and it becomes pronounced in the 
tubes of higher number of teeth, where the voltage is 
increased. This result shows the important role of high 
voltage in the occurrence of this peak. Cathode glow 
peaks are usually excited by positive ions originating

from the negative glow and the cathode dark space [8]. 
These ions are accelerated by the electric field of the 
cathode dark space and become capable to produce a 
significant excitation. Intensity peaks in the cathode 
glow have been observed for ionic lines, where excita­
tion is due to the endoergic charge transfer collisions 
[6,7].

An interesting feature of the intensity distribution of 
the Al-I 396.1 nm line is shown in Figure 9. The peak 
in the cathode glow is higher than that occurring in 
the negative glow. In our case Al and He ions are 
present in the discharge with high densities. The exci­
tation of the cathode glow peak in case of the Al-I 
396.1 nm line is probably not due to collisions with Al 
ions. The density of the sputtered Al is low, thus Al 
ions participate in only few symmetric charge transfer 
collisions during their movement through the cathode 
dark space. Because of this, Al ions have a large mean 
free path and can gain a large kinetic energy [9,10]. 
These ion energies, which can reach values in the or­
der of several hundred eV [9,11, 12], are considered to 
be too high for efficient excitation of the low lying 
upper level (3.14 eV) of the Al-I 396.1 nm line. Excita­
tion of the peak in the cathode glow region is thus 
considered to be mainly due to collisions with He ions. 
The density of high kinetic energy He ions is low in 
this region [11,12]. The average energy of He ions is 
in the order of 3-4 eV, the density of them is high, 
their energy is in the range of the upper level energy of 
the Al-I 396.1 nm line. These features support excita­
tion of this line by He ions.

In case of the He-I 318.7 nm line the intensity distri­
bution was measured as a function of He pressure and 
discharge current. In Fig. 10 it can be seen that the 
magnitude of the cathode glow peak decreases with 
increasing pressure. This supports excitation of the 
peak in the cathode glow due to positive ions. If it 
were electron impact excitation, it would not disap­
pear with increasing pressure, but it would move to­
wards the cathode. To see which ion may be responsi­
ble for excitation of this line, a similar consideration as 
in the case of the Al-I 396.1 nm line is made. The upper 
level energy of the He-I 318.7 nm transition is 23.71 eV. 
This energy is too high to be considerably excited by 
the 3-4 eV average energy He ions. Thus it is proba­
ble that high energy Al ions excite this line [11,12]. As 
can be seen in Fig. 11, the magnitude of the cathode 
glow peak increases with increasing discharge current. 
This is due to the increasing density of exciting Al 
ions. In the five teeth tube, in which the data were
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measured, the voltage increase with increasing current 
plays also an imporant role in the production of Al 
ions (see voltage-current characteristics in Figure 3). 
The cathode glow peak at the He-I 318.7 nm line was 
observed to increase in a strongly non-linear manner 
with increasing number of teeth (Figure 8). This is 
explained by the fact that the density and energy of Al 
ions exciting the He-I 318.7 nm line in the cathode 
glow increases significantly when the voltage in­
creases. The higher energy Al ions present at increased 
voltage sputter more Al atoms from the cathode, thus 
more can be ionised.

The first peak in the cathode glow was not observed 
in the spatial intensity distribution of the He-II 
468.6 nm and the Ar-II 476.5 nm ionic lines. Since the 
upper level energy of these transitions is rather high 
(75.6 eV and 35.7 eV, respectively), the absence of the 
peak can be explained by the lack of high energy 
positive ions that are capable of exciting these levels.

Conclusions

A high voltage discharge tube was constructed with 
an anode arrangement resembling a comb. This plane
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cathode -  comb anode arrangement is an easier prac­
tical realisation of increased voltage discharge tubes. 
Increasing the number of teeth, a significant enhance­
ment of discharge voltage and spectral line intensity 
was observed. Using an five teeths tube, the voltage 
increased up to 2.4 kV. In the course of spatial distri­
bution studies an intensity peak of the He-I 318.7 nm 
and the Al-I 396.1 nm atomic lines was observed in the 
cathode glow region. This peak was strong in case of 
three and five teeth tubes having increased voltages 
and is attributed to excitation by Al and He ions 
respectively, which are accelerated by the high electric 
field of the cathode dark space.
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