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ABSTRACT

The plasma capacitince md inductance in pulsed pas
Inser discliarge fubes are measured with i new' plasma impedance
matching technique. It gives information aboul plasmia paramelers
by analysing (he stimulated radiation pulse characteristics.

INTRODUCTION

The plasnut characteristics in pas Lasers arc of fndamental
miportanee lor a better enderstanding of (he  corresponding
population inversion mechanisms, Parmeters like clectron density
(ng) and temperature (T.) arc impertant tools for a complete
knowledge of the stimulated cmission generation. A simple
example of that is the medification in clectron cnergy due lo the
presence of 1l; and the corresponding  modification in laser
cmission ol a N3-115 hollow cathode laser [1].

Gas lasers operating in a dircel current (DC) excitiation
regime allow plasma characteristics be mcasured in a simple way,
for example with the help of Langmuir probes |2], lo obtain
clectron temperiture (T,) and density (ne).

The importance of this kind of plasma plus lascr analysis
has been recently stressed in the case of CO; lasers |3-4]. The
application of unsiable glow dischiarges has allowed (he laser
cllicieney 1o increasc up 1o almost the maxinun expeeted limil

In the ease of lasers exciled in the pulsed repime. the
situation is not so simple. As the excitation discharge is a typceal
transicnt enc, Langmuir probes are nel appropriate. This problem
becomes cven morc serious in the case of the so called self-
terminated laser systems. This kind of lasers is chinacterized by the
elfective lifetime value of the upper laser level being Tower than the
corresponding onc of the lower Iaser level. Then, the corresponding
(mainy condition for laser operation is the application of excitalion
pulses with rise-time ideally mueh lower than the effective fife-time
of the laser upper level Omly in (hat situation the inversion
population regime is attained.

Recently |5-6], matching processes involving spark- gap
and laser clannel plasmas in gas lasers bave been reported. At
matehing condition, the laser cimission presents o minimun in laser
pulsedwidth and a maximum in peak-power.

The present work follows resulls of Refs. [S,6], 1o abtain
the plass capacitance (Cy) and inductance (Ly) of the 'I.'IECI'
discharge tube in a self-lerminated pulsed gas laser (N2 TE, 27 0-0
transition band. 337.1 nm wavelenpth cmission). Since the data is
obtained (rom the analysis of laser cmission characleristics, the
plasma docs nol sulTer any probe inscriions.

EXPERIMENTAL SET-UP

The method has been tested with the help of o Ny UV laser
(2" 0-0 wansition band, 3371 um wavelength cmission), with
waveguide characteristics |7 Figare | presents the corresponding
excitation circuit, with a capacitive transfer conliguration. The
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discharge channel was dctermined by two metallic plates
(clectrodes) and two teflon plales. We deline d as interclectrodic
distance and ' the thickness of the discharge channel. The laser
discharge tube is 30 cm long.

The all possible set of combinations between © ane ¢
luve been tested, C values varied from 0.6 up to 12,0 nlFF and C°
from 0.6 up to 10.0 0F, The coupling inductance (Ley) had 3.2, 5.5
and 12,0 pdl valucs.

The vacoum system was an Edwards E2ZM2 rotary pumnp,
manomclers and a commercial grade Ny reservoir. The lascr
discharge tube has two sub-chambers to assurc a regular gas [ux

" and a cquilibrivm pressurc condition inside the discharge chamber.

The interclectrodic distance (d) was kepl conslant at a 5
min value. The thickness between teflon plates was varied in the 0.1
- 0.8 mm range, being 0.5 mm the most used value,

The spark-gap design followed a new design recently
reporied [8], giving ultra-high frequency excitation pulscs.

The detection system consists of a ITL 850 vacium
photodiode and a 7104 Tekironix oscillescope with a TAZ9
Teklronix vertical unit. The system allows (o assurc a leimporal
resolution it lower than 0,35 ns.

Voltage pulses arc observed with a help ol a capacilive
vollage divider.

The data were analyzed with the help of a Teklonix
DCSU1 digitizing camera sysicm.
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Figure |.- Lascr circuit. Modifying d and d" it is possible to clange
discharge channel dimensions.




IMPEDANCE MATCHING

The diclectric propertics of the plasma arc such that it
carrics an impedance. This is particularly important in plasmas
between clectrodes [9-12]. The equivalent circuit of this plasma
impedance is a tank circuit. To show the impoertance ol plasma
impedance, we carry ont a sequence of circuil analysis lo identify
the role of cach scction of the cquivalent circuil of Figure 1, now
presented in Figure 2. Ou it, we arc including the C” preionization
capacilor, not present in Figure |, to give rise to 1 more general
analisis. 1t is obvious from the circuit thal a rigorous analysis is a
non lincar problem that includes plasma cquations to determine the
lime dependent plasma parameters.  Instead of solving this
complicated scll-consistent problem, we assume constant Cgand L,
whose values are inferred from experimental results that we will
come lo in the following sections. Then, for fixed slorage
capacitance and charging voltage, Cy and Ly are basically fusnctions
of L. Furthermore, we neglect all resistive clements since we arc
interested primarily in the cingenfrequencics
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Figure 2.- Equivalent clectric circuit including the spark-gap (Cs,
L) and lascr channel (Cp,, L) plasma impedances, without (scclion
C) and with (scction D) preionization.

Taking a Laplace transform ol (he circuil cquations of
Figure 2, scction A, and considering Le<<h, C=C, the time
asymptotic behavior is described by the two frequencics:
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w=(L C) (M

0e= (L Co 2 @

where L = Ley + Ligop. 17 the spack-gap is considered 1o be an ideal
swilch, the frequency is given by (1), Experimentaily, when only
section A is used, Uhe recorded signal shows an  oscillation about
two orders of magnitude higher which we attribute to the spark-gap

impedance, (2). The high frequency solution wg can be controlled by

the circuit inductance L since it affects Cs.
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Next, when the circuit is cxtended to scction B, the
frequencics arc slightly modifyed as lollows:
-1z

o =[L(C+C)] 3
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me=| L (C +C) | (4)

The corresponding experimental analysis shows a reduction in high
frequency components that is compatible with (4),

Finally, we add the lascr discharge channel, and il we
neglect the lime delay between the breakdown of the spark-gap
plasma and the laser channel plasma, the frequencics are:

ox=[ Ly (C +Cy)] 12 (5)
wy = [y 0C +CGH ©)

where Ly = Lt Lp". €, = C" + Cpand C, and L, arc the
impedance of the laser channel plasma. As in the spark-gap plasma
Cp and Ly, are functions of the laser channel plasma density, which
is scnsitive to having or not having preionization, scclions C and D.
Consequently, they are implicit functions of C7, d" and gas
pressure. The (wo frequencies oy and w, can now be comparable
with cach other.

By inverling the Laplace transform, the voltage across the
laser channel is
V(i) = V) . { (€T /1 (Ce+CI(C+ €] 1/ (07 - @)

A1 (L, Cs)'l * “352| cos fsgt - | (Lg Cs )-l '“‘le cos myl}
€

with we and oy defined by (5) and (6). When (he lascr channel
impedance is such that

0, =0, (8)

by varying the gas pressure, the vollage reachics a maximum and (7)
reduces Lo

Vx = vx (0) . cos myl )

willle({))=V(U).(CC,;)II(C,‘FC)(C,;'*C)I
(10)

and the encrgy transfer Lo the laser channel is
Ey (1) = Ex (0) . cos” ayt an
with

E, (0) = (1/2) . C V(0)" | G/ (Cs + c;ﬁ .
1{CC)/(C+C) ] (12)

It is clear that Ey (0) is a function of Cy and by
diferentiating with respecl to Cy, we can readily show that E(0) has
a peak at Cx =C, for

il

JEL0)/dCy |

X

0 (13)

RESULTS AND DISCUSSIONS

Afier these previous considerations, let us have a ook al
the laser pulscwidth as a function of pressure. The results of Figure
3 show a significant narrowing of the Iaser pulse from 3.0 1o 1.5 ns.
This confronts the general concepl thal the pulscwidth reduces
graduaily and monotonically as a function of pressure according lo
the known lifctime of C* 1, level as mentioned, for examplc, in
reference [13). The voltage mcasurcment across the discharge



channel shows a corresponding maximum at the same pressure. It is
important to nofe that al a 330 mbar pressure value we hiave,
simultancously, the maximum laser ouiput, channcl vollage and
minimum pulsewidth. Also, we have 1o stress that this situation
corresponds to the impedance malching between the spark-gap and
discharge channcl plasmas
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Figure 3.- Excilation voltage and laser pulsewidth behaviors as a
function of pressure, with C =351 nF, C' = 6.1 nF, Lyq = 3.2 pH, V
= I15kV.

Now we keep constant nitrogen pressure values and look
for the C, C relations that allow results of the lype showed in Figure
3. The corresponding results are presented in Figure 4 for 150 mbar
and different C values. We observe pairs of C, C'values giving a
minimom Aljyse value, and maximum laser peak power oulpul.

From Eq. (13) and having in mind the condition C = Cy =
C’ + €, we see that the minimum Al condition corresponds lo
the € = C" + C,, situation. Then, from Figure 4 resulls C;; values
can be deduced. A summary of this resulls is shown in Figure 5 for
the p(N2) = 150 mbar siluation. We abserve how C, value behaves
as a function of applied encrgy, having in mind that V = 15 kV
cxcilation voltage value was kept constant, Then, applied cnergy
valucs correspond Lo a C (nF) variation.
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Figure 4.- Typical lascr pulsewidth variation as a function of
C'valucs, with C as a paramelter, p (wbar) = 150, d = 5 wm and d’
= (.5 mm
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Figure 5.- Plasma capacitance value | C (nF) | behavior as a
function of input encrgy | E (J) |.

Knowing the C, C’ pairs of values that give the C=C" +
C,, al a given pressure, we now look for plasma inductance valucs

(Lp):

With the help of a capacitive voltage divider we measure
the cxcitation voltage period, for the complete setof C=C' + Gy
situations, The corresponding value was always around the 40 ns
value region. As
[=(121) [ Ly (C' + ) 1 P =(12m) [ Ly €1 2 (14)
then, having period values information we now make

LF=(IJC).|P12,:|-I:‘2 (15)

with P = period of the excilation voltage pulse. The corresponding
L, behavior with applicd excitation energy is presented in Figure 6.
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Figure 6.- Plasma inductance valuc | Ly (nH) ] behavior as a
function of input energy [ E (1) ).




CONCLUSION
This work presents a method for the determination ol

plasma capacitance and inductance values in pulsed gas: lasers.
Both plasma parameters are shown as a [unction of applicd
excitation energy, [rom the behavior of a Ny TE UV laser 2"
system, 0-0 band, 337.1 nm wavclength).

It is impertant to note that, in authors knowledge, it is the
first time this kind of data involving capacitance (Cp) and
inductance (Lp) measurements in high frequency excitation pulse
regime are presenied. Also, measurements arc extracted from the
discharge channel without introducing any probe or other
periurbing clement, that is, looking only at Jaser pulscwidth
propertics.

Al present, theoretical calculations arc being made
looking for the possibility to extract plasma clectron density
values (n.) from capacitance and inductance dala,
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