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This paper studies the inter-electrode distance effect on voltage drop across it and cathode sheath thickness. The
voltage across the electrodes and the sheath thickness are found to increase when the anode moves away from the
cathode through the negative glow. The probe technique reveals that increasing the inter-electrode gap with the cur-
rent fixed leads to the plasma concentration growth in the negative glow. The discharge current is transported
through the negative glow by fast electrons accelerated in the cathode sheath; therefore one requires applying higher
voltage across the electrodes to support the current in a longer gap. This is the reason for the increase of the plasma
concentration in the negative glow and in the cathode sheath thickness.
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INTRODUCTION

Direct current glow discharge is widely applied in
gas discharge lasers [1, 2], luminescent lamps [3], dc
diode sputtering systems [4], in isotope separation [5].
Therefore studying the processes taking place in its
parts and their characteristics is described in a large
number of papers (see, e.g. [6 - 13]).

Already Giintherschulze [14 - 16] discovered that
varying the inter-electrode distance keeping the dis-
charge current constant (e.g. displacing the anode) af-
fected not only the length (and the very existence) of the
positive column, the dark Faraday space and the nega-
tive glow but also the voltage drop across the cathode
sheath and its thickness. When one brought the anode
nearer to the cathode sheath boundary through the nega-
tive glow the voltage drop across the electrodes might
pass through a sharp minimum which after further near-
ing the anode to the cathode was replaced with abrupt
rise of the voltage and the discharge transition to the
obstructed mode. Glntherschulze himself attempted to
explain the appearance of this minimum by fast primary
electrons coming from the cathode and producing in the
gas film located on the anode more positive ions than in
the gas gap thus diminishing the cathode drop. Howev-
er, Penning [17] demonstrated that this phenomenon
might be observed with a clean degassed anode but not
in all gases. Fischer [18] made a suggestion that this
effect may be induced by gas concentration changes due
to its cooling by the cold anode. Druyvesteyn [19]
agreed that gas cooling near the anode may play a role
but also put forward another explanation. Near the an-
ode located in the negative glow a negative anode volt-
age drop is formed. Slow electrons would be reflected
by this anode drop back into the plasma, the space
charge in the negative glow would decrease, and the
maximum potential would shift toward the anode result-
ing in the increase of the number of ions approaching
the cathode and in the voltage drop decrease. A brief
review of old papers may be found, e.g. in papers [20,
21]. Further, we know only two papers where such stud-
ies were continued. Guseva et al. [22] registered the
voltage values across the electrodes against the gap val-
ues between them in the nitrogen pressure range below
0.5 Torr. They demonstrated that on increasing the gap
the discharge experienced the transition from the ob-
structed mode to the glow one, the voltage across the
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electrodes after abrupt decrease approached saturation,
and no minimum was observed. The authors of paper
[23] studied the dependence of the voltage across the
electrodes on the distance between them only for the
discharge normal mode and there is also no minimum in
their graphs.

The present paper aimed to find out under what con-
ditions a minimum may be observed in the dependence
of the voltage across the electrodes against the gap be-
tween them, to study this dependence in the broad range
of inter-electrode gap values and to register the axial
profiles of plasma parameters in narrow gaps with probe
technique. We also suggested another explanation of the
processes taking place in the glow discharge when one
varied the inter-electrode distance.

For studying dc glow discharge we employed the
chamber designed as shown in Fig. 1. The inner diame-
ter of the discharge tube was 55 mm. The distance be-
tween flat electrodes varied from 8 to 385 mm using a
movable anode. Studies were made in nitrogen in the
pressure range p = 0.05...0.2 Torr with the voltage val-
ues Uy <1400 V and the current values ranging up to
5mA. Gas pressure was controlled with 1000 and
10 Torr baratrons. The 75 kOhm resistor was switched
in series into the discharge circuit between the cathode
and the dc supply to prevent the cathode spot formation.
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Fig. 1. Design of the discharge tube employed
in the present paper

Axial profiles of plasma parameters were registered
with a single cylinder Langmuir probe of 3.2 mm in
length and 0.18 mm in diameter made of nichrome. The
saw-like voltage was applied to the probe from the gen-
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erator with the potential difference between the “saw”
spikes height being about 300 V. This voltage was low-
ered with the resistive divider (containing Ry, and Ry,
resistors) and fed to the 24-digit analog-to-digital con-
vertor (ADC). The registered probe current was reduced
with the shunt (the Ry, resistor) and was also fed to
ADC. The ADC signal was fed to the computer for sub-
sequent processing. Plasma concentration n; was calcu-
lated from the ion branch of the probe current I, and
electron temperature 7, was measured according to the
technique described in papers [24, 25].

EXPERIMENTAL RESULTS

One may observe in papers [15, 16, 22] that the de-
pendence of the voltage U across the electrodes on the
distance L between them approaches the saturation after
the abrupt decrease, and that a well-expressed minimum
is absent in this dependence. Therefore we performed
similar measurements of voltage across the electrodes at
different discharge current values to find out the condi-
tions for the appearance of a minimum or other charac-
teristic features in the U(L) patterns.
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Fig. 2. Voltage across the electrodes against the
distance between them for the nitrogen pressure
of 0.05 Torr for different discharge current values
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Fig. 3. Voltage across the electrodes against the

distance between them for the nitrogen pressure

of 0.1 Torr for different discharge current values
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In Fig. 2 we present the U(L) dependence for the ni-
trogen pressure value of 0.05 Torr and discharge current
values of 0.2, 0.5, 1 and 2 mA. One observes that at the
smallest current value of 0.2 mA there is indeed no
well-expressed minimum in the U(L) pattern. If the an-
ode is moved away from the cathode, one first observes
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the obstructed mode with the abrupt decrease of voltage
U when the anode is located in the cathode sheath or in
the negative glow not far from its boundary. However,
with the further gap L increase the voltage across the
electrodes remains almost the same and even experienc-
es a small decrease. When the anode approaches about
the middle of the dark Faraday space, an anode glow
appears near its surface (this moment is indicated in
Figs. 2-4 with the arrows labeled AG), whereas the in-
ter-electrode voltage increases by about 15...20 V (what
corresponds to the ionization potential of nitrogen mol-
ecules of 15.6 eV). With the further increase of the in-
ter-electrode distance and the anode located in the Fara-
day dark space the voltage across the electrodes remains
unchanged and the anode glow continues to be observa-
ble. When the inter-electrode gap increases such that the
positive column appears (see the PC label in the figures)
the voltage starts to grow linearly with the anode mov-
ing away from the cathode.
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Fig. 4. Voltage across the electrodes against the gap
between them for the nitrogen pressure of 0.2 Torr
at different discharge current values
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Fig. 5. Cathode sheath thickness against the inter-
electrode gap at different nitrogen pressure values
for the discharge current of 5 mA

At higher discharge current values (0.5mA and
larger) an abruptly expressed minimum appears on the
dependence of the voltage across the electrodes against
the gap between them, which was discussed in papers
[14 - 21]. On decreasing the inter-electrode distance
when the anode is traversing the negative glow, the
voltage drop experiences a fast decrease, it approaches a
minimum, and after the discharge transition to the ob-
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structed mode the voltage across the electrodes grows
abruptly. The depth of this minimum increases with the
discharge current growing, but it decreases with gas
pressure growing when the discharge current is kept
fixed.

Figs. 3 and 4 demonstrate the dependence of the
voltage across the electrodes on the distance between
them for the nitrogen pressure values of 0.1 and
0.2 Torr, respectively. This dependence is qualitatively
similar to that described above for the pressure value of
0.05 Torr. However, increasing the gas pressure in-
volves the appearance of the anode glow and the posi-
tive column at lesser inter-electrode gap values. Be-
sides, the electric field in the positive column grows
therefore the voltage between the electrodes increases
faster when the anode is moving through the positive
column.

When the anode is moving through the negative
glow to the cathode, the voltage drop across the elec-
trodes as well as the cathode sheath thickness decrease
as is shown in Fig. 5. The effect is most pronounced at
low nitrogen pressure values. Thus for the pressure val-
ue of 0.05 Torr the sheath thickness decrease amounted
to about 6 mm, whereas for 0.1 Torr it was about 3 mm.
Earlier the authors of papers [14 - 17] also observed the
simultaneous variation of the cathode sheath thickness
and the voltage drop across it.

The single Langmuir probe technique was employed
to measure the axial distributions of plasma parameters
in the negative glow for two different values of the in-
ter-electrode gap of 30 and 50 mm at the same discharge
current value (probe measurements in the cathode
sheath are impeded due to a weak electron concentration
and the directed flows of charged particles, therefore we
did not perform these studies there). Fig. 5 evidences
the small electron temperature in both cases not exceed-
ing 1 eV, whereas the plasma potential with respect to
the anode was in the range of 2...3 V. We remark that
with the gap of 30 mm the cathode sheath thickness was
22 mm, and the maximum plasma concentration ap-
proached 4-10° cm™. Increasing the distance to 50 mm
led to the growth of the cathode sheath thickness to
28 mm and of the maximum plasma concentration to
6-10° cm™. I.e. one requires an enhanced concentration
of charged particles to transport current through a longer
gap.

We may suggest the following mechanism of in-
creasing the voltage across the electrodes when the an-
ode is moving away from the cathode through the nega-
tive glow. As the plasma is positively charged with re-
spect to the grounded anode (negative anode voltage
drop), only fast electrons accelerated in the cathode
sheath may approach its surface [26]. When the dis-
charge gap is short (e.g. 30 mm in Fig. 5) the anode is
located almost at the boundary of the cathode sheath,
fast electrons move through a narrow negative glow
performing comparatively not large number of inelastic
collisions with gas molecules. When the anode is moved
away from the cathode without changing the generator
emf, then the discharge current will be decreased as
rather less number of fast electrons approach the anode
surface because many of them have time to lose much
energy due to collisions with gas molecules and be
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thermalized on their way from the cathode sheath.
Therefore to transport a fixed current through a longer
gap one has to apply higher voltage across the elec-
trodes in order to increase the flow of fast electrons.
Then (as we observed in Fig. 5) the cathode sheath
thickness as well as the maximum plasma concentration
in the negative glow experiences an increase.

CONCLUSIONS

Thus our present paper reports the results of studies
we made into the dependence of the cathode sheath
thickness and the voltage drop across the electrodes on
the distance between them. We demonstrated that mov-
ing the anode away from the cathode through the nega-
tive glow is accompanied by the increase of the voltage
drop across the electrodes and the sheath thickness.
When moving the anode through the dark Faraday space
and the positive column we observe that the cathode
sheath thickness ceases to depend on the inter-electrode
gap. The voltage across the electrodes first experiences
a jump when the anode glow appears (this occurs when
the anode is located approximately in the middle of the
dark Faraday space). Then, when the anode is located in
the positive column, the voltage varies linearly with the
inter-electrode distance. We employed the probe tech-
nique to measure axial profiles of plasma parameters in
short discharge gaps when only the cathode sheath and
the negative glow can find their place inside the inter-
electrode gap. We demonstrate that moving the anode
away from the cathode keeping the current fixed leads
to the increase of the plasma concentration in the nega-
tive glow. Perhaps the transport of the fixed current
through the negative glow with a longer inter-electrode
gap requires an enhanced flow of fast electrons from the
cathode sheath for which higher voltage has to be ap-
plied across the electrodes. In its turn, it leads to the
increase of the cathode sheath thickness as well as the
plasma concentration in the negative glow.
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BJIUAHUE PACCTOAHUA MEXAY 3JEKTPOJAMU
HA XAPAKTEPUCTUKHU TJEIOINETO PA3ZPAIA B A3BOTE

B.A. Jlucoeckuii, E.Il. Apmwwenko, B./l. Ezopenkos

HccnenoBaHo BIMSIHEE PACCTOSHUS MEXAY DJIEKTPOJAMH HA MaJCHUE HAMPSIKEHHS HA HUX U TONIINHY KaTOJHO-
ro cnos. ITonydeHo, 4To HampsDKEHHUE Ha 3IEKTPOJAX U TONIIUHA CIO0s BO3PACTAIOT, KOTJa aHOJ yAANIsIeTcsl OT KaTo-
Jia 4yepe3 OTPHLATENbHOE CBEYCHHUE. 30HIOBBIM METOAOM I0OKa3aHO, YTO YBEJIMUCHUE 3a30pa MEKAY NIEKTPOJAMHU
pH (PUKCUPOBAHHOM TOKE NMPHBOAWT K MOBBIIICHUIO INIOTHOCTH IUIa3MbI B OTPHIATEILHOM CBEUCHHH. Pa3psaHbIii
TOK 4epe3 OTPUIATEeIIbHOE CBEYCHHE MEPEHOCHUTCS OBICTPBIMU 3JEKTPOHAMH, YCKOPHBIIMMUCS B KaTOJHOM CIJIOE,
MO3TOMY ISl TIOAJIEpKaHNS (PUKCHPOBAHHOTO TOKA B O0Jiee IITMHHOM 3a30p€ HYXKHO K 3JIEKTPOIaM IPHIOKUTH 00-
Jee BBICOKOE HAIpsDKEHHE. DTO NPUBOJMT K YBEIMUYCHHUIO IUIOTHOCTH IUIA3MBbI B OTPUIATENIEHOM CBEYEHHU M TOJI-
LIMHBI KATOJHOI'O CIIOS.

BIIJINB BIAZCTAHI MI’K EJIEKTPOJAMHAX
HA XAPAKTEPUCTUKH TJIIOYOTI'O PO3PALY B A30TI

B.O. Jlicoscvkuii, K.I1. Apmiwowenko, B./]. €zopenkos

JlocmipkeHO BIUIMB BiJICTaHI MiXK €JIEKTPOAAMU HA MAJIiHHSA HANPYTd HAa HHUX | TOBIIUHY KaTOTHOTO IIapy.
OTpuMaHo, 10 HANpyra Ha ICKTPOJaX i TOBIIMHA IIAPy 3POCTAIOTh, KOJIU aHOJ BIANANSETHCS BijJ KaToga Kpisb
HETaTHUBHE CBITIHHA. 30HAOBHM METOJIOM ITOKa3aHO, IO 30iJbIICHHS 3a30py MK €JIeKTpOoIaMH IpHu (HiKCOBAHOMY
CTPyMi TIPU3BOANTH IO IiJBUIIECHHS TYCTHHH IIa3MH B HETaTUBHOMY CBITiHHI. Po3psaHuii CTpyM Kpi3h HETaTHBHE
CBITIHHSI TIEPEHOCHUTHCS MIBUAKAMHE €JIEKTPOHAMH, SKi MPUCKOPIOIOTHECSA B KaTOMHOMY Iapi, TOMY IJIS MiATPHMKH
(hikcoBaHOTO CTPYMY B OUTBII TOBroMY 3a30pi MOTPIOHO /O €IEKTPO/iB MPUKIACTH BUIY Hanpyry. Lle mpusBoauTh
10 301IBIIICHHS TYCTUHH IJIa3MH B HETATHBHOMY CBITIHHI i TOBIIMHU KaTOAHOTO IIApy.
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