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Abstract - This paper presents the Optical Emission
Spectroscopy (OES) technique tostudy the Sparkgap discharge
in Argon, Nitrogen and helium gasses at 0-2 kg/cm? pressure
range. The life time is also estimated for the gas ambiance for
varying pressure conditions. Based on the life time profiles, the
plasmatemperatureandelectron density aredetermined by the
intensity ratio of emission lines of excited atoms. The obtained
resultsareinagreementoverawideelectrondensityrange108-
10%5cms3.
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1. INTRODUCTION

One of the most conventional high peak power switching
deviceisthesparkgap. The sparkgap has multiple advantage
touseasaswitchin pulsed power circuitduetoits simplicity,
wide operating voltage and current range, high dv/dt. One of
themajordrawbackswithrepetitive pulsed powersparkgapis
recovery of spark gap voltage. The lower pressure spark gap
recover greater than their breakdown voltage of first pulse
under certain condition, whichiscalled “overrecovery” [1,2].
Tounderstand the discharge properties the measurement of
electrondensity and temperatureis essential.

There are two major factors influences the insulation
characteristics of gas switch. Oneistherate of decreaseinthe
gas temperature and the other is the vanishing of electron
followingthe extinctionofarccurrent,thevolumebetweenthe
two electrodesis filled with hot decaying plasmain which the
degreeofionizationisrapidly decreasing. Butthemetalhotgas
remainforarelativelylongtimeandiscooled by the heatflow
to the surrounding ambient gas and the electrodes, the
recovery characteristics are governed entirely on the gas
temperature[3].

Itis essential to understand the local temperature variation
due to plasma formation during breakdown process and
influence of various species formed due to constitution of the
mediumontherecoveryvoltageprocesshastobeascertained.
Havingknownallthis,inthe presentstudy,anattempthasbeen
made to understand the mechanism of spark gap discharge
under the influence of different gas discharge. The emission
spectra, plasma temperature and electron density are also
investigated.

2. EXPERIMENTALSETUP

Figure 1 shows the experimental set up for the emission
spectroscopy measurements with spark gap chamber. The
supply voltage (0-230 V, AC) was stepped up using a
transformerand fed toavoltagedoublerscircuit. The capacitor
was charged through the voltage doublers circuit and
dischargedthroughthesparkgap whichwasconnectedacross
the chamber.

Animpulse generator consists ofa capacitorthatis chargedto
the required voltage and discharged through a circuit. The
circuitparameterscanbeadjustedtogiveanimpulsevoltage of
the desired shapes. An equivalent circuit of an Experimental
setupisshowninFigure 2, wherethe capacitor C¢(10000pf) is
chargedfromaDCsourceuntil thesparkgapbreaksdown.The
voltage is then impressed upon the object using a capacitor
havingcapacitanceC..(1200pf). Thewaveshapingresistors, Rt
(4160) and R¢(10k(), control the frontand tail of the impulse
voltage available across Ci, respectively. Overall, the wave
shapeisdetermined bythevaluesofthe generatorcapacitance
(Cg),theload capacitance (Cy),and thewave controlresistances,
Rrand R Ifthetail time, Ty, is sufficiently greater than the front
time, Tr,and the totalload capacitance, Ci,islessthan1/5 ofthe
generator capacitance, Cg(i.e., stage capacitance/number of
stages), then an approximation to the wave shape can be
determined from

CeCL

Tr=32Rrz7e D

Ty = 0.7R{(Cec+CL)  (2)
The outputvoltage wave form canbe defined
accurately by

Vo(t) =

_ Ve
CLRf(a—B)

(e=®t —eFt)  (3)
3. AnalysisofOptical Emission Signal during Spark

gapdischarge process:

TheOpticalemissionspectroscopy (OES) Techniqueisused
tostudy the behavior of spark gap discharge with
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Figure-1:Experimental Setup
Nitrogen, Argon and Helium gasses from zero 2 kg/cm?2 700 . . . .
pressurerange.Animpulsevoltage (double exponential pulse
withafronttimeof1.2usand tailtime of 50us)isapplied tothe 600 —Ar 2 Kg/cm |
sparkgap of whichelectrodesare ofrogowsky profiletypeand @ 5004
thickness of 15mm having an inter electrode gap of 10mm. % —
Applied voltage is measured using a CuSoyresistive divider =400 £ i
havingdivisionratio of 1800:1. Optical emission during spark @ = _ =
gapdischarge ondifferentgassesiscollected,usingafiberlens g 3001 < g < E
with afocallength 150mm and itis coupled to aspectrometer ~ 200 =
(Oceanoptics,USB2000) usingamultimodeoptical fiberwitha < |
corediameter of400um. 100+ M
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Figure-3:0Optical emissionspectraobtained duringthe spark
gap dischargeinthe Argonambience at 2kg/cm?
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Figure-2:Voltage pulseapplied to the spark gap
Anattemptwasmade to estimate temporal distribution of 0 , , , , ;
plasma temperature from thelife-time profile. Fig3,4and 5 300 400 500 600 700 800 900
shows the optical emission spectra of Argon, Nitrogenand Wavelength(nm)

Helium gasambienceat2kg/cm2 pressure. .
Figure-4: Optical emissionspectraobtained during the spark

gapdischargeinthe Nitrogenambience at 2kg/cm?2.
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Figure-5: Optical emissionspectra obtained during the spark
gap dischargeinthe Helium ambience at 2kg/cm?.

4, LifetimeResults:

Life-time profile ofa particular emission wavelength, givesthe
instantaneous values ofintensity and fromwhichtemperature
can be estimated based on Boltzmann’s distribution. Two
atomic emissionline intensities of ArIl1at434.8 and 487.9 nm
were sampled at different instants and estimate the plasma
temperature. Similarly the procedure continued for nitrogen
and Helium gas line intensities to find the respective plasma
temperature. The atomic emission lines and spectroscopic
parameters used in estimating plasma temperature are
summarized in Tablel.

Line | Waveleng | Upperenergy Configuration gi*Ax

th (nm) level Ex (c/m) (1/s)

NI 500.5 186652.49 2522p(2P?)3p-2s22p(2P9)3d 1.03e9

NII 567.9 166678.64 2522p(2PY)3s-2522p(2P?)3p 3.47¢8

NI 746.8 96750.840 2522p2(3p)3s-2s22p?(3d)3p 7.84e7

Ar 1l 434.8 157234.0196 3523p*(3p)4s-3523p*(3p)4p 9.36e8

Arll 487.9 158730.2995 3523p*(3p)4s-3s23p*(3p)4p 4.94¢8

Arl 696.5 107496.4166 | 3pS(2p®)4s-3pS(2p° )4p 1.92¢7
3/2 1/2

Arl 763.5 106237.5518 | 3ps(zpo )4s-3p5(2pY )4p 1.22¢8
3/2 3/2

Hel 587.6 186101.592 1s2p-1s3d 8.83e7

Hell 656.1 426717.460 6.27e6

Hel 667.8 186104.966 1s2p-1s-3d 3.18e8

Table1. Spectroscopic parameters of Nitrogen, Argon and Helium used for
plasma temperature

The life time was estimated at 1/e of the maximum emission
intensity. The figures 6, 7, and 8 show the lifetime profiles of
Nitrogen, Heliumand Argonrespectively. These figures show
clearlytheeffectofpressureontheemissionlifetime.
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Figure-6: Life-time profile of Nitrogenlines1kg/cm2 at
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Figure-7: Life-time profile of Heliumlines0.5-2kg/cm?at He
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Figure-9: Life-time profile of Argonlines0.5-2kg/cmZat (d)
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5.ELECTRONDENSITY

Electron density can be determined using modified Saha
equation [4] which involves ion-atom line intensity ratio.
Based on the experimentally observed emission spectra,
electron density, ne.

n= I—“*6.6*1021£§exp L tE—E,
I{' a ga T{;

WhereEiand E.arethe energiesoftheupperstates, Eionisthe st
ionization potential.

The Estimation of electron density consideringlocal thermal
equilibrium in Argon [5] ambient gas at 2 kg/cm? pressure
valueisshowninfigure 10 and Estimation of electron density
considering local thermal equilibrium indifferent ambient
gases withvarious pressurevaluesisshowninfigurel1.

s

x 10
12

10

Electron density (cm “3)
sy

0 0.5 1 15 2 25 3 35
Time. x 10°

Figure-10: Estimation of electron density consideringlocal
thermal equilibriumin Argon ambientgasat2kg/cm?
pressurevalue.

6. CONCLUSION

Optical emission spectroscopy is used to understand the
dischargeproperties. Argon, nitrogenandheliumgasseswere
usedasdielectricmediumat0-2kg/cm?. Itwas observed that
theelectrontemperaturewashighinthe Argoncompared with
Nitrogenenvironment. Theaverageelectrondensity overthe
emission time was ranging from 10° to 1015 cm-3. The plasma
temperature and density estimated from time integrated
spectra were an average value not giving any temporal
distribution details.
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Figure-14:Estimation of electron density consideringlocal
thermal equilibriumindifferentambientgases with various
pressurevalues.
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