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TWO INTERFERING EFFECTS IN OPTOGALVANIC DETECTOR
HOLLOW CATHODE DISCHARGE
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ABSTRACT

Two effects in optogalvanic detector - hollow cathode
discharge are reported.They appear at light irradiation
of the detector and interfere with its properties.First
effect, connected with Penning process in Ar-Cd plasma,
is used for identification of negative plasma resistance.
The other effect is a light induced potential on the
cathode.
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INTRODUCTION

The wide use of the Hollow Cathode Discharge (ECD).
as an Optogalvanic (0G) detector extends the interest
to the light~-HCD interaction, including some specific
HCD features.The HCD advantages are more often discussed
from this point of viewq.We report two interfering
effects, limitting the application of ECD in OG spectros-
copy - the appearence of nonoptogalvanic components at
a negative plasma impedance and with HCD lamﬁ turned
off.The first type of experiments is stimulated by our
previous investigations on the correlation between V-A
characteristics and the behaviour of 0G signal in HCD.
At preéent, based on this correlation the inverse prob-
lem is treated, i.e. the use of the 0G signal pecularity
for indication of a negative plasma impedance.To clarify
this problem we performed an analysis and comparison of
0G signals and V-A curves of various trade mark HCD
lamps.The second type of experiments is connected with
the cathode potential when an irradiated lamp is turned

off electrically.

EXPERIMENT

The OG response - the light induced change AU of the
voltage dropp U is detected for certain HCD lamps
(Ar/Cd /"Narva"/, Ne/Zn, Ne/Fe, Ne/FeCuMnNiCoCr/"Hilger"/),

irradiated consequently by 488 nm and 514 nm spectral
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Fig.1. Experimental set-up for measuring of:
a - optogalvanic AU response;

b - light induced cathode potential Ul'

lines from Ar" 1laser (1 W) and 632.8 nm from He-Ne
lager (20 mW). AU values are measured in a standart
integrating OG scheme with a lock -~ in (Fig.l1a).U- values
of V-A characteristics are measured between the anode

and the cathode directly at short step Ai of the
discharge current 1.

In the second type of experiments the spectral lines

0 2 10 2

J.em™ 5,
—125)

1.06 san(4 %1070 J.en™%.s™") and 532 mn (2.5 %10
s~ 1) from a Na:YAG laser (pulse duration 30 x10
are focused on the cathode of a Ne/Cu lamp /"Narva"/.
The light induced potential U1 on the cathode is de-~
tected by a scheme identical to the one used for 0G
measurement in the cathode circuit (Fig.1b).To elimi-
nate the labpratory electrical background the lamps

are inserted in a grownded box.
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Fig.2. Galvanic response of Ar/Cd HCD lamp to
ArII 514.5 nm resonant irradiation:
a ~ laser power 1 W; b - laser power 100 mW.

RESULTS AND DISCUSSIONS

1. Among AU(i)- curves, which are more or less
monotonous, we would like to empbasize on the curve
for Ar/Cd lamp, irradiated by Art laser (Fig.2).In the
vicinity of the discharge current i= 1.7 mA a local
peak arises.In our case it is a sign of increased
plasma conductivity.The character and i- localization
of the peak does not depend on the characteristics of
the irradiating light flux.The extremum appears at
irradiation by 632.8 nm too, although the resonent in-
teraction is absent.This nonselectivity is the reason

which =rises a doubt about the OG character of the AU~
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Fig.3. Local V-A characteristics of Ar/Cd HCD lamp.

extremum.Recently, we observed a response of the same
type in Ne/As 1amp2.0ur analysis confirmed that Penning
reaction As + Ne™—»Ast + Ne +AE (Ne” is a meta-
stable state.of neon atom and AE 1is the defect of
energy) proceeds with great probability.The correspon-
ding change of AsII spectral line intensities was

measured at the AU- peak discharge current; simulta-

neously, a negative plasma resistance ’%é? =R <0 was
found in the same i~ region.

If both the nonselective response AU and R <O
are interconnected +then V~A characteristics of Ar -
Cd plasma shouvld contain a negative part R <0 too.
Indeed, V(A) - values, measured between anode and
cathode, illustrate the negative plasma resistance near
i =1.7 mA (Fig.3).We consider this local change of the
conductivity as a consequence of Penning process between

Ar-Cd species.A comparison of the Ar, Ar+, Cd and Cd*
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energy levels shows sufficient closeness (AE= 6350m'4)
between the metastable Arm(an) and Cd+(5S1) 1evels5’4

Then the reaction

ar®Ppd) + ca("s)) —>ar(’s ) + cat(Ps,) +
+€ + AE(635 cm"/])

proceeds with s sreat probability (180 is the ground
state of C4 atom).Note, that in otker lamps no
negative resistance and AU- extremum are found.

The observed anomzlous responses of abovementioned

type including that in Ne/Cu lamp at pulse irradia-

5

tion are the reason to state that AU~ extremum is
formed by an integrating of plasma conductivity osci-
lations, arizing in R <O region.Here the light flux
is only a perturbation, independent on its frequency.Sc
the corresponding part of AU(i) response is not of (G
type, but it is an indication of the negative plasma
resistance near i =1.7 mA.

2. An effect unreported, in our opinion, up to date
in the OG references is observed.When the electrodes
are electrically isolated (without power supply) the
incident light induces a potential in the cathode.The
detected signal, i.e. the appearence and development
of a cathode potential Ul(t) is shown in Fig.4.The
signal consists of two components: a narrow part,

shorter than 100 ns which is followed by a wide one
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Fig.4. Light induced potential U1 on the cathode
with hollow cathode lamp turned off and laser
irradiation: 2,= 1.06 «m (curve 1);

n,= 532 nm (curve 2);

of relaxation type.Fig.4 illustrates in fact the
appearence of a current between the cathode and the
ground .Since the filling gas neon is transparent for
both irradiating frequences, the fotoeffect from the
cathode Cu- surface seems to be the only probable
reason for the aforementioned signal.But such a point
of view contradicts the "red limit" data for cuprum6’7.
We would like to note, that there is no oxide layer,
decreasing this limit in our experiment.In fact, this
effect is quite similar to the Yphoton-charge effect"
in Ref. 8.Regretfully, that experiment proceeds in the
air atmosphere and .such an important factor as the
surface conditions, is not discussed.In this sense our

experiment (cathode surface bombarded by ions for a
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long time in neon) is more "pure".But the interpre -
tation in Ref. 8 , i.e. a local light induced change
of the surface potential seems to be suitable for the
explanation of our results.It is more important that
the light flux - cathode surface interaction forms =a
galvanic channel which is alternative and interfering

with the O0G channel.

CONCLUSION

Our investigation concerns the accuracy of the op-
togalvanic response.Penning process raises a specific
deformation of the signal by means of the negative
plasma resistance.Here we use this deformation for
plasma diagnostic, i.e. identification and localiza -
tion of its negative resistance.The light induced
cathode potential is another interfering effect, com -
peting the OG signal.It is not discussed in detail,
but we emphasize on the necessity the optogalvanic
detector to be tested accounting the additional cathode

potential.
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