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Abstract—The influence of axial magnetic field (B=0.48 T) on
the variation of ionization efficiency coefficiemf and secondary
electron emission coefficientwith respect to reduced electric field
E/P is studied at a new range of plane-parall@teide spacing ©
d< 20 cm) and different nitrogen working pressureaeen 0.5-20
Pa. The axial magnetic field is produced from aduitive copper
coil of radius 5.6 cm. The experimental data obko®wn voltage is
adopted to estimate the mean Paschen curves atetiffworking
features. The secondary electron emission codffidee calculated
from the mean Paschen curve and used to deteriméneninimum
breakdown voltage. A reduction of discharge voltafyabout 25% is
investigated by the applied of axial magnetic field high inter-
electrode spacing, the effect of axial magnetitdfizecomes more
significant for the obtained values gfbut it was less for the values
ofy.

Keywords—Paschen curve, Townsend coefficient, Secondar
electron emission, Magnetic field, Minimum breakdowvoltage.

I. INTRODUCTION
OR the purpose of exploring the better understandin

4

kV). A measurement of the secondary electron-eonissi
coefficienty from MgO film in a plasma display panel is
carried out by Uhm et al [5]. The influence of thexondary
electron emission on the breakdown voltage in micro
discharges on the plasma display panel is invdstighy
making use of the Townsend sparking criterion. Audaal
[6] presented an experimental study of the effectigcondary
emission coefficient for rare gases and coppettrelées. The
measurements are made for variations of the effecti
secondary emission coefficient with reduced fieltp Et
different parallel plane electrodes spacing (2mdh<l1cm).

In the present work, the influence of the magngéild on
the characteristics of electrical breakdown and tbe
properties of Townsend discharge is motivated as an
important mechanism for measuring the Paschen surve
onization efficiency coefficientsn, secondary electrons
emissiony and the minimum breakdown voltageg With and
without applying an axial magnetic field. This syud
contributes Townsend discharge regime at a newerang
plane-parallel electrode separationsd€20cm) and different

the complex mechanisms of gas discharge, th@vorking pressure.

characteristics of electrical breakdown of seveeases under
the effect of applied magnetic field have been ectigid in
many researches. These researches included thg efud
magnetizes plasma discharge at different workingupaters
such as the pumping gases, the materials and timeegey of
electrodes, gas pressure, chamber temperature dityirof
discharge chamber and the type of applied voltddd4].
Tan et al [3] investigated a new method of measgutime
secondary electrons emission by two Faraday cufis avid
without presence of a magnetic field. One Faradgydetects
the electrons emerging perpendicularly to the tasyeface
and magnetic field lines, while another cup detettstrons
flowing along the field lines. The electrical breakvn is
presented by Petraconi et al [2] at low-pressurargbn and
nitrogen gases under the influence of an exteorajitudinal
magnetic field. Plane-parallel aluminum electrodessed at
various spacing (4cm < d < 11cm) with a dc volté@reV< 1
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I.THEORY OF ELECTRICAL BREAKDOWN

The multiplication of gases is referred to the aation
process by a collision under the field of electripatential.
The first Townsend coefficiert of the gas is denoted as the
number of electron-ion pairs created by a singkectebn
drifting per unit distance in the field direction & gas. It
depends principally upon the nature of the gas, dhe
pressure, and the electric field intensity. In astant parallel
electric field region, the gain is an exponentiaidtion of the
distance traveled by the electrons and the firsivigend
coefficient of the gas. Thus, the first Townsenceftoient
can be obtained as a function of the reduced &efieid
intensity E/P as follows [7]:

Ce
E/P

a(E/P)=C,Pexpf—2=-) 1)(

where E is the electric field in units of V/cm, aRds the gas
pressure in units of Pascal. The constants CA aBdafe
uniquely determined from the experimental dataefach gas
species and found to be roughly constant over gerasf
voltages and pressures for any given gas. Forithegan gas
at room temperature and humidity 53%, the valu€Afand

1278



International Journal of Engineering, Mathematical and Physical Sciences
ISSN: 2517-9934
Vol:5, No:8, 2011

CB are 10.95 Pim™ and 273.75 V Pam™ respectively [8].
The coefficienta is related to the ionization rate which is
equal to the number of ionization events causedrbglectron
in a unit time [2]:

Vv, = n.[ f(£)q (e)v2e/ m+/ede )
Here ¢i is the ionization energy of the atom, d) (is the

electron energy distribution, and gi{s the cross section for
ionization of an atom from the ground state inisah with

an electron of energy. Sincea is equal to the number of
ionization events per unit path length, obviously:
a=vly, ®)
where vd is the electrons drift velocity. It is rearonvenient
to use the ionization coefficiemf (or ionization efficiency)
which is defined as the number of ionization evesatssed by

an electron that passed through a potential differeof one
volt:

a_ v
=a_-V_ (4)
d E v,E

This quantity depends only on the reduced elefigld E/P.

One of the important parameters in this study & efiective
secondary electron emission coefficieptor the second
Townsend coefficient. It represents the numbereabadary
electrons detached from the cathode by variousicfest
produced in the gas (positive ions, photons, edcit®ms...)
and is dependent on what the electrode is madenaftize

type of filling gas used. Its value is related mwhsend’s first
ionization coefficienti by the formula [6]:

141 = exp(ad) (5)
y

where d is separated distance between the elestrddes
above formula can be written as:

1 (6)

y=—"—7—
exp(%XPd)—l

The values ofi/p as a function of the reduced electric field
E/P are calculated by knowing E/P=Vb /Pd from the

determination of Vb (breakdown voltage). The valoés!/p
are then introduced into Eq. (6) giving The discharge
voltage is a function of Pd, which is a producgak pressure

P and anode-cathode distance d. the minimum breakdo

voltage [5]:

V, =V, =C,Pd )

occurs at the parameter:

272

Pd In(1+ 3) (8)
y

A

Thus Eq. (7) is simplified to:

v = 2725 na+ 1y ©)
Cc y

A

The constant gin Eq. (9) is proportional to the electron-
ionization energy of the gas species, while thestam G is
related to the ionization cross section of the gzecies. The
larger the ionization cross section, the largervaleie of the
constant . Thus, the discharge voltage in Eq. (9) can be
considerably reduced for the gas species with @elar
ionization cross section. Remember that the secgnda
electron-emission coefficieng is typically much less than
unity for most gas species. Therefore, Eq. (9) shthat the
discharge voltage decreases significantly isreases.

Ill. EXPERIMENTAL SETUP

The experimental setup, figure 1, consists of andyical
discharge chamber, simple induction coil made @ipes with
constant radius 5.6 cm and placed around the digeha
chamber and a high voltage power supply (HVP) with
electrical meters diagnostics. The discharge chaisl& cm
long and 5.3 cm diameter and made of Pyrex glass fitted
with a 3.2 cm fixed planer circular electrode atheaide
(Parallel-Plane electrodes). The discharge tubeohagyas in
port and one gas out port. The electrodes are wistainless
steel material. The parallel electrodes are fitedvithstand
up to twenty Pascal pressures inside the dischatge The
electrodes are positioned exactly in the centedis€harge
tube and are directed toward each other.

\ A/

Magnetic Field

opper coi

+—_|
|
-—

COpper coi

Oszcil. M

Fig. 1 Schematic diagram of the experimental setup

The magnetic circuit is made of an induction coppei.
The determination of the coil radius is restrictey the
creation of sufficient magnetic induction in thesaharge
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chamber. This demands that the diameter of thecti@ucoil
must coincide with the outer diameter of the disghaube.
The magnetic flux density near the discharge eddetrcould
be changed by increasing the pass current throbgh t
induction coil. The measurement of the magnetiddfie
distribution is performed using a Hall's probe anelybold
51662 Teslameter.

The mean discharge current is determined as the me:
value of the signal obtained from the voltage dmp the
earthed resistor R. The current signal is recoedhe first
channel of digital storage oscilloscope (5510 H@hang 100
MHz). The breakdown voltage is determined as thearme

value of the signal recorded on the second chaahehis

oscilloscope through the high voltage meter (KvheT
experimental measurements at different inter-ebeletr
spacing, different working pressure and various me#ig flux

density are recorded at room temperature (T=2&Yand

humidity of about (50-55 %).

IV. RESULTS AND DISCUSSION

1. Breakdown Voltage and Paschen Curves

The measurement of breakdown voltage of the nitroge
plasma discharge is acquired at pressure rang&di@to 20
Pa and an inter-electrode spacing of 5, 10, 152éncim. The

confinement of electrons rather than ions is pentat at

magnetic field intensity of 0.48 T. The Pascherveurlates
the breakdown voltage over a gap as function ofptiessure
P and the length of the gap d. Fig. 2 shows thenn@schen
curves for nitrogen plasma discharge at differenteri
electrode spacing with and without applying the abxi
magnetic field. These curves are related to thetrétefield
that is the voltage over the gap; Thus Paschenesuare
plane-parallel gap-dependent as indicated by tvedfictents
(Ca and G) as in Eqg. 1[7]. The breakdown is occurred when 3
sufficient number of collisions are existed to peni a
required ionization in the gap vacancy. The mogpdrtant
advance of applying the axial magnetic field on ghasma

discharge systems is concerned with that the electree
paths across the gas chamber is lengthened anthttral
diffusion of the electrons is reduced. This implibsat the
losses of electron are decreased and the numlmmilisions
with the gas molecules is increased. Accordinglye t
breakdown voltage is reduced as shown in Fig. 2.

In this work, a significant downward of Paschenvesris
observed under the influence of axial magnetic dfiel
especially in the region of Paschen’s minimum beeaaf the
higher efficiency of the secondary ionization preses in
nitrogen plasma discharge. The experimental reshlsved a
fast decreasing of the breakdown voltages on theside of
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the minimum Paschen curves and gradually increasmnthe

right side as Pd is increased. This can be atgibub the Fig- 2 Paschen curves for nitrogen plasma dischatgdifferent
increase of collision frequency on the left side decreasing inter-electrode spacing with and without applyihg Bixial magnetic

the ionization cross section on the right sidevitwich more
energy is required for electrons to reach the hieak

field intensity.

2. Variation of nwith E/P

voltage [2].

The influence of axial magnetic field on the variation of
ionization efficiency coefficienfy with reduced electric field

1280



International Journal of Engineering, Mathematical and Physical Sciences
ISSN: 2517-9934
Vol:5, No:8, 2011

is shown in fig. 3. At high inteelectrode spacing and Ic
working pressure, the effect of axial magneticdiblecome:
more significant on the behavior gfversus E/P. As the int-
electrode spacing increases at low working presstire
number of coléion between the released electrons with
nitrogen molecules is decreased thus the confineré
electrons by the magnetic field is enhanced theesbfn as
the reduced electric field is decreased.
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Fig. 3 The variation of ionization effiency coefficienn versus E/P
at different interelectrode spacing with and without applying
axial magnetic field.

The literature showed thin versus E/P has a maximum
value of Nma= CaCs™e™ [2].The maximum value on that
reached in this study was 0.002" while the actual value is
Nmax=0.014 V*, therefore only the descending branctn is
obtained. In the absence of magnetic field, theuired
voltage for maintaining the breakdown dischargeedels or
the work tinction of cathode material for which a hi
voltage should be supplied if the cathode is matléigh
material work function. The present of magneticldf
lengthens the trajectory of free electrons (i.e.rnh@r
frequency) in ionization region and decied the mean
energy of released electrons to reach anode winicturn

increases the number of coIIision:].

3. Variation of ywith E/P

The values of secondary electron emission coeffisy are
calculated from the mean Paschen curves and repeesm
fig. 4. It is reported that the curves yversus E/P has a
minimum value ofy for several gases such as Ne, Ar, Kr
Xe [6]. In this work, only the ascending branch
investigated. At small int-electrode spacing and high
reduced electric field, theonfinement of released electron:
enhanced by the axial magnetic field. Thereforee
associated effect of magnetic field increases tiaes ofy as
the reduced electric field is increas

For high values of E/R;rises more strongly in the pres
work than in the literature. This could arise frothe
excitation within the gas becomes greater thanzaiion as
indicated by the low values of the ionization afficcy
coefficient n. For small value of E/P, the electrons
released from the cathod®y a resonant photons emiss
(photoelectric effect). As d increases, this precésses
importance since any photon emitted has less cha
striking the cathode. Therefore, for low fields tefficienty
also depends on the value chosen for ¢

4. Variation of Vp, with y

The discharge plasma is generated by the elec
breakdown. Reduction of the discharge voltage esettore
the key element in enhancing the electrical efficie for
plasma generation. An enhancement of the elec
efficiency of plasma generation also prolongs the syst
lifetime, eliminating unnecessary heat and stresgeration ir
the system. There is a collection of previous wankeducing
the discharge voltage in uniform electric field.eTfeductior
of discharge plasa is proportional to the parameteg/Cp
for which the behavior of Paschen curves playsnapoitant
role in determining the minimum breakdown volta@@][

In the present work, the reduction of dischargaag# is
enhanced by applying the axial magnetic field ®dfscharge
chamber. The calculated valuesy from the mean Paschen
curves with and without axial magnetic field areedisto
determine the vaks of minimum breakdown voltage,,
using Eq. 9Fig. 5 shows plots of the, versus the secondary
electron emission coefficient in absence and ptegs#l
magnetic field. The constants,, and G for the nitrogen gas
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As shown in fig. In the present of axial magneted, the

Cg/Ca=86. secondary electron-emission coefficient increasedixad
0.4 inter-electrode spacing. A minimum reduction ofcti@srge
voltage is observed at d=0.05 m because of higkrgéion of
0.3 J secondary electrons. As d increases, the -coefficien
+—B=0 secondary electron emission is decreased and thneréfie
effect of magnetic field becomes more significamtréduce
> 0.2 1 the discharge voltage.
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Fig. 4 The variation of secondary electron emissomefficient Y

[lversus E/P at different inter-electrode spacinchveihd without

applying the axial magnetic field.

magnetic field.

Fig. 5 The variation of minimum breakdown voltagg Yersusy at
different inter-electrode spacing with and withapplying the axial
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V. CONCLUSION

In the present paper, the experimental results haf t
electrical breakdown and secondary electron enmissio
coefficient under the influence of axial magnetield are
compared with the literature of previous works ahdwed a
good agreement. The most important conclusions are:

1. The influence of axial magnetic field causes aiicant
downward of Paschen curves in the region of Pasghen
minimum in form of a fast decreasing of the breatwo
voltages on the left side of the minima and gragual
increasing on the right side.

2. At high inter-electrode spacing and weak reduced
electric field, the variation aff versus E/P becomes more
importance under the confinement of axial magnetic
field.

3.At small inter-electrode spacing and high redudedtac
field, the associated effect of axial magnetic diel
increases the values gfas the reduced electric field is
increased.

4.The discharge voltage is reduced by 25% with axial
magnetic field as the secondary electron-emission
coefficient increases at fixed inter-electrode spgcThe
minimum discharge voltage is observed at d=0.05 m
because of high generation of secondary electrons.
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