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ABSTRACT The galvanic behavior of a hollow cathode discharge versus an

external weak magnetic field is investigated. The application of this field

leads to disordering of the self-aligned states, which is detected as a

resonance in the discharge current, named the magneto-galvanic signal.

A correlation magneto-galvanic signal–operating voltage-current point is

established and attributed to Penning ionization. The contribution of the

metastable Ne I 1 s5 to the magneto-galvanic resonance is also verified.

KEYWORDS coherence, negative glow discharge, plasma conductivity,

self-alignment

INTRODUCTION

Among the interference phenomena, the self-alignment of excited states

in the glow discharge is of particular interest.[1] This coherence arises due

to the spatial anisotropy of excitation in the discharge and manifests itself

by the polarization of the spontaneous emission, which carries diagnostic

information. The light emission in the discharge volume is always anisotro-

pic. For example, the axial photon flux in a cylindrical discharge will prevail,

if the photon-free path is larger than the tube’s cross-section. Both the tensor

of (self-) alignment and the angular intensity distribution of the light beams

have the same symmetry. After it had been observed in the positive column,

the self-alignment has also been detected in a hollow cathode discharge

(HCD) and attributed to the spatial anisotropy of the electron gas.[2] Besides

the optical effects, the interfering atomic states also generate a specific

galvanic effect in the glow discharge. Hannaford and Series[3] observed such

a resonant change in the case of a laser-induced galvanic (LIG) signal in a

magnetic field, perpendicular to the E vector of the optical field. A weak

magnetic field (up to 10 Gauss) does not perturb the diffusion of the plasma

electrons to the wall, but can split the magnetic sub-levels of the atoms,

which is in the order of the natural width of the excited states. Hence, the

observed resonance may be attributed to the magnetic destruction of the

laser-induced alignment.

Later on galvanic resonances were detected without any irradiation in

both HCD[4] and positive column discharges.[5] This phenomenon was

considered as a magneto-galvanic (MG) effect. MG resonance arises due

to magnetic destruction of all levels self-aligned.
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In the course of previous investigations, this article

reports new experimental results obtained for two

commercial hollow cathode (HC) lamps and dis-

cusses both correlation of MG signals with the

plasma parameters and the contribution of Ne I 1 s5
level to the measured signal.

EXPERIMENTAL

The experimental setup (Fig. 1) is a polyfunctional

scheme allowing PC-controlled recording of DU (B0)

signals, LIG signals, I–V curves (U=I), and their

derivatives dU=dI. Phase sensitive detection (PSD)

and laser diode (DL) irradiation in LIG measurements

are used. Optical Multichannel Analyzer (OMA) was

used to control laser line detuning.

The MG signal is detected as a voltage change DU
(B) across the discharge versus an external magnetic

field B ? R, where R is the cathode radius.

In order to improve the signal-to-noise ratio, the

MG signal DU (B) is measured with two ‘‘Unipan’’

(Scientific Instruments, Warsaw) nanovoltmeters,

one of which (type 237) is a selective one and the

other (type 232B) is a lock-in. Due to the magnetic

field modulation, the first derivative of the MG signal

@U=@B ðBÞ is actually acquired. The frequency of B-

field modulation is taken as a reference.

The commercial HCD lamps NeCd and NeSi

(‘‘Narva’’) are investigated.

RESULTS AND DISCUSSION

Figure 2 illustrates the shape of the MG signals

DUðBÞ ¼ @U=@BðBÞ under two discharge current I

values. Because of the geometry B ? R, the reso-

nances can be attributed to the magnetic destruction

of the radial anisotropy excitation due to the non-

thermal (beam-like) electrons in an HCD. The

destruction reflects on the plasma conductivity, that

is, the latter changes proportionally to the magnetic

induction B, and it may be measured as a voltage

variation DU (B). It is worth noting that the deriva-

tives of the signals were registered at a constant

phase shift, which allows comparison of the corre-

sponding integrated dependences. Then, Fig. 2 illus-

trates two HCD lamps, with the MG signal

distinguished in shape, in sign, and in sensitivity, ver-

sus discharge current. In general, the differences

above indicate the fact that different processes form

and=or destroy the Ne level self-alignment under

varying discharge conditions.

The MG effect in the neon positive discharge col-

umn was analyzed within the frames of a

semi-phenomenological model,[6] based on com-

parative magneto-optic and MG experiments. In the

case of an HCD, some complementary studies are

needed to separate the contribution of the competi-

tive processes to self-alignment forming and destruc-

tion. The uniform geometry of both NeSi and NeCd

FIGURE 1 Experimental setup: HCL lamp, DL, Ra—ballast resistance, Rk—cathode resistance, Rh—gauge resistance.
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HC lamps allows the signal’s shape differences to be

ascribed to the sputtered cathode component. The

latter is known to predetermine the process of

Penning ionization specific for an HC discharge.[7,8]

Taken alone, the amplitude of the first-order func-

tion DU (B) characterizes the conductivity difference

of the self-aligned and nonaligned ensembles of

atoms. Both equal buffer gas neon and differences

between MG signal in Fig. 2 provoke a specific

correlation between MG signal parameters and

operating voltage-current point {U-I} to be looked

for. Figure 3 illustrates this correlation for the NeCd

HC lamp. The half-widths of the narrow MG reso-

nance, that is, the distance between corresponding

extreme points (these values are not extrapolated

to zero modulation amplitude) vary practically

synchronously with the amplitude change. The

half-width is maximum under the {U-I}-region of

negative dynamic resistance. This correlation versus

the discharge current suggests that one and the

same process contributes to both self-alignment

and its destruction.

The falling region of the {U-I}-curve may be attrib-

uted to Penning ionization of the atom A via the

metastable NeM:

NeMð1 s5Þ þ A ! Neþ Aþ� þ e�;A ¼> Cd; Si; etc:;

ð1Þ

that is, direct ionization of the sputtered atoms of low

ionization potential. If under some {U-I}-point, this

process turns out commensurate with the steep ioni-

zation the additional electrons decrease the voltage

across the HCD.

Earlier, the HCD mode for operation was observed

to be unstable to a disturbance in vicinity of the

inflection point and for any galvanic perturbation

to damp slowly.[7] Thus, the MG effect should

be taken as a possible perturbation. Since the self-

alignment in a glow discharge is closer to a rule

rather than exception, a misidentified alternating sign

magnetic field might act on the HCD lamp as a

galvanic perturbation via the 1 s5 state at least. The

metastable 1 s3 does not contribute to the MG signal

FIGURE 3 Current-voltage (I-U) curve and half-width (a), and (I-U) curve and amplitude (b), dependences in NeCd HCD lamp.

FIGURE 2 MG signal shapes in NeSi and NeCd HC lamps for B ? R.
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directly because of its zero total moment. As for the

NeSi HC lamp, here the amplitude and width of the

MG signal change under the narrow I-region (about

0.4mA).

How does the self-alignment destruction trans-

form into conductivity change Dj ? Taking into

consideration that j is determined by the electron

number density ne and the electron drift velocity ve,

one can write DU (B)/Dj¼ c1Dneþ c2Dve. The sec-

ond term can be neglected, because the electron drift

velocity ve is insensitive to weak magnetic induction,

pertinent to these experimental conditions. The first

term depends on the ionization rate. The sensitivity

of the ionisation versus self-alignment destruction

has been discussed.[9,10] Reference 9 supposes that

the cross-section for collisional ionization from the

aligned state must depend on the mutual orientation

of the alignment axes and the directional properties

of the ionizing particles. Another possible mechan-

ism discussed in reference 10 involves ionization

through collisions between aligned metastable neon

states (such as 1 s5). Wigner’s requirement for conser-

vation of the total spin momentum in such collisions

leads to differences in the ionization efficiency from

aligned and nonaligned states. The results and

discussion above draw attention to the possible con-

tribution of Penning ionization to MG resonance,

including via metastable 1 s5.
On the other hand, the metastable Ne I 1 s5 is

known to maintain an HCD at low gas discharge

parameters.[6] To check the influence of the popula-

tion and=or alignment of the Ne I 1 s5 level on the

formation of the MG signal, an empirical approach

based on the selective light perturbation of the transi-

tions 1 s5–2p9 (k¼ 640.2 nm) was applied. The corre-

sponding wavelength k is synchronously modulated

by means of the diode laser current (alternative com-

mutation ‘‘on’’ and ‘‘off’’ the exact transition value) in

the successive steps of the B-field ramp. Thus, the

measured DU (B) signal is recorded in both the irra-

diated and nonirradiated states. The corresponding

maximum LIG signal is an indication of the resonant

irradiation. A correlation of MG-LIG signals is of par-

ticular interest, since the LIG strongly influences the

charge carrier producing levels, and the population

of these levels depends on the interaction with differ-

ent plasma components and on the electron density.

Figure 4 illustrates the decisive contribution of the

1 s5 level to forming the observed MG resonance.

The light perturbation of the metastable dramatic

disorders the measured DU (B) values and essentially

broadens the MG resonance. This result is in concor-

dance with MG measurements in reference 5, where

the signal width is found to be close to that of the 1 s5
level at the current discharge parameters.

The same measurements gave another result for

the Ne I 1 s4 level. Having been irradiated by k¼
638.3 nm (1s4–2p8), no change in the MG signal

was detected.

CONCLUSIONS

MG signals in NeSi and NeCd HCD lamps contain

a local extreme, the amplitude of which depends on

the discharge current and reaches the maximum at a

current value close to the inflection point of the

current-voltage curve. This behavior is attributed to

Penning ionization in the HCD.

The metastable Ne I 1 s5 plays a decisive role in the

formation of the MG resonance. A misidentified alter-

nating sign magnetic field might act on the stability of

an HCD lamp mode for operation via this metastable.
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