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Abstract

The spectral and amplitude-temporal parameters of B lasers pumped by nonchain chemical reactions initiated by
radially convergent or planar e-beams and self-sustained discharge were studied. Intrinsic efficiency of the HF lasers up
to ~10% was obtained for both excitation methods. It was shown that the high efficiency of an e-beam-initiated HF laser
may be attained as a result of the simultaneous formation of atomic and molecular fluorine and of the participation of F
in population inversion. A laser pulse has a complex profile caused by the successive generation of P-lines and the
overlap during the radiation pulse of both the rotational lines of the same vibration band and of individual vibration
bands. Experimental conditions providing high intrinsic efficiency of a discharge nonchaiDFHaser are deter-

mined. Intrinsic efficiency of HF and DF lasers upig ~ 10% and 7%, respectively, is obtained using excitation by
inductive and LC generators in the $H, (D) mixtures. High discharge uniformity obtained with the use of special
shaped electrodes along with uniform UV preionization is a key parameter for improving the intrinsic efficiency of
discharge HEDF) lasers. It was found that in this excitation condition, output spectra of the HF laser significantly widen
and cascade laser action on some rotational lines of the vibrational transitions of HF mold@+HBs— »(2-1) —

v(1-0 is observed. This can explain the high intrinsic efficiency obtained. Specific output of the discharge HF laser over
8 JL (140 JL xXatm) and total laser efficiency, ~ 4.5% were achieved. For the discharge DF laser, specific output and
total efficiency were as high as 6.pLJand 3.2%, respectively.

Keywords: E-beam and discharge pumping; High intrinsic efficiency; Nonchaigb laser

1. INTRODUCTION operation. From this point of view, e-beam-initiated non-
At present, chemical HEDF) lasers pumped by chain and chain HF Iasfe_rg are more promising. Intrinsic eff|0|enc_y for

. . . h . . an e-beam-initiated nonchain HF laser can be as high as
nonchain chemical reactions are widely investigated. Elec:

) ) . R—ll%(Bashkinet al, 1977.
tron beam and self-sustained discharge are the main meth- : . . .
o . . Parameters of lasers with nonchain chemical reactions
ods for initiation of the chemical reactiofross & Bott, excited by a self-sustained discharge are determined by dis-
1976; Basov, 1982The use of an e-beam in the initiation of y g y

chain and nonchain chemical reactions in HF lasers makes%ctharge a_n_d pumping puIs_e parameters. In certain experimen-
. . . . al conditions, high radiation parameters were obtained
possible to excite large volumes of the active media and to

. ) . S S without preionization of the laser active volurti@apolsky
obtain considerable energies afmd) radiation efficiencies :
(Velikanov et al., 1996; Gastauckt al, 1997; Tarasenko & Yushko, 1979; Apollonowet al, 1996, 1998 Up to now,

; o T . specific output of 7-8/L (50-75 JL X atm) and total HF
etal, 1998. The highest radiation efficiencies and energies, . efficiency of 3—4% are reachédpollonov et al,

are attained in chain lasers pumped by chain reactions. Hovxé-oom_ Tarasenket al, 2001. As for a discharge DF laser

ever, in the pract_|cal applications of '._@F). Iase_rs,_the its output parameters are about 0.8 of that of the HF laser
latter must have high-energy characteristics in an individual-

ulse regime. The lasers must also be safe and convenientﬁ'rafIOOIIonov atal,, 1996, 2008, 200).
P gime. Under excitation by the X-ray-initiated electric discharge

tinitial E/p parameter value across the laser gap exceedin
Address correspondence and reprint requests to: A. N. Panchenko, Hig% /PP gap 9

Current Electronics Institute SD RAS, 4 Akademichesky Ave., 634055Statlc breakdown, the Iaser?s.pecmc output of 94 J
Tomsk, Russia. E-mail: alexei@Ioi.hcei.tsc.ru (~55 JL X atm) and total efficiency ofy, = 4.7% were
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obtained in the mixtures with£lg while only 5.75 JLwas  photocell cooled by liquid nitrogen, respectively. The laser
achieved in the Btbased mixturesRicheboeuttal, 1998, spectra were recorded by the MDR-12 monochromator
1999; Lacouet al, 2009). It was shown that this excitation equipped with the FSG-22 photocell. Discharge current and
mode allows improved intrinsic efficiency of the laser on voltage across the laser gap were measured with a Rogovsky
SFs-H, mixture; the efficiency up te);, = 8% was obtained coil and voltage divider, respectively. Electric pulses were
at low input energy 10-15/0 (~0.1 kJL X atm), ni, recorded by the TDS-220 or TDS-224 digital oscilloscopes.
decreased to 6.5% at 100LJ Intrinsic efficiency of anon- The Olympics 2000 digital camera takes integral lumines-
chain HF laser was improved using a pulse generator witltence of the laser discharge.
inductive energy storage. With thig;, = 5.5% was ob-
tained at relatively high specific input power of 50LJ
(~0.85 kJL X atm; Bakshet al,, 1999. 3. EFFICIENCY OF NONCHAIN HF LASER
The present article reports development of e-beam and WITH E-BEAM INITIATION
discharge-initiated HF lasers with intrinsic efficiengy; =
10%. Discharge DF lasers wiif}, = 7% and specific output
of 6.5 JL were developed as well. It was shown that high3.1. HF-laser pumped by the planar e-beam
efficiency of e-beam-initiated HF lasers may be attained as
a result of the simultaneous formation of atomic and molecThe HF laser output energy for gas mixture of %% =
ular fluorine and of the participation of,Fn population  7:1 composition in the range of pressure 0.1-1 atm is shown
inversion. Discharge stability was found to be one of thein Figure 1. The change the e-beam energy absorbed in the
main parameters determining output parameters of a norgas medigsee Fig. 1, curve )lwas calculated by the for-
chain HF (DF) laser with initiation by a self-sustained mula:W, = j,,-(dE/dx)-V-t,. Herej, is the e-beam current
discharge. density,dE/dxis the average energy lost by an electron per
unit of length,V is the laser active volume, artg is the
e-beam duration. Average electron energy was measured to
2. EXPERIMENTAL TECHNIQUE AND be 130 keV; the energy losses calculated according to the
MEASUREMENT PROCEDURE method described in Komaat al. (1982 were 1.8x 103,
Two e-beam devices and a discharge HIFF) laser were  3.5X 103 6.48x 10° 15.6% 103 and 19X 10° eV/cm for
used in our experiments. The first setup with the volume ofthe mixture pressure 0.096, 0.184, 0.344, 0.82, and 1 at.,
30 L (1 minlength and 20 cm in diamejewas pumped by respectively. The radiation energy rigee Fig. 1, curve)2
a radially convergent e-beam from four catho@&kdullin saturation with pressure is caused by the e-beam energy
etal, 1997. distribution (Bashkinet al, 1977; Basov, 1982; and Or-
Device two was used previously to investigate broadbandovskii et al, 1999. Maximal laser output is mainly deter-
emission and was similar to that described in Semtdal.  mined by competition between formation of Hfolecules
(1993. The accelerator made it possible to generate arin chemical reaction and their collisional decontamination.
e-beam with a cross section of 42 1.5 cn¥?, a current  This tends to make the efficiency and laser output decrease
density of 2.5 A’cm?, a current pulse duration at half am- (see Fig. 1, curve)3wvith pressure. However, maximal laser
plitude of 50 ns, and an electron energy of 155 keV afterefficiency was as high ag, = 5.5%.
crossing the separation foil.
The discharge-initiated HEDF) laser was similar to the
long pulse excimer laser excited by the inductive energy

1 L 1 | 1 1

with a radius of curvature of 2.5 m or a plane mirror with Al 00"
coating and thallium iodide or thallium bromide plane-

parallel output plates. The laser output an.d radiation WaVel':ig. 1. Input energyW, (1), radiation energy (2) and HF laser intrinsic
form were measured by the IKT-1N calorimeter or energyeficiencyn;, (3) as a function of the mixture pressure. Initiation was by the
meter OPHIR with the head FL-250A-EX and the FSG-22planar e-beam.

storage with semiconductor opening swii@akshtet al,, 0, mJ

2002. The laser has active volume about 2003cifihe '

discharge gapl = 3.8 cm between two polished special 05

shaped stainless steel electrodes, which significantly reduce I

electric field nonuniformity in the active volume, was uni- 04 i

formly preionized by 72 spark gaps evenly distributed along 03k

both sides of the anode. The laser was pumped by the LC il

generator with primary capacita@@, = 70 nF and pulse 0ot 7

duration of about 200 ns or by the inductive generator which L o6f

forms 100-ns pulses. 01F 4r

The laser cavity was formed by a spherical copper mirror 27

0
0

‘ ‘ 0
0 02 04 06 08 10p.,atm.
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3.2. HF-laser pumped by the radially
convergent e-beam

225

3.3. Efficiency of a nonchain HF laser
with e-beam initiation

The main results obtained under initiation of thes&f, |t was shown that efficiency of an e-beam-pumped HF non-
mixture and pure Sfby the radially convergent e-beam are chain chemical laser is influenced by the formation of not
shown in Figure 2. Curves 1 and 2 depict input energyenly atomic but also molecular fluorindarasenkeet al,
calculated by the pressure jump in the mixture and puge SF 1998. Both particles are formed as a result of the dissocia-
The difference between the curves is the energy from th&0n of Sksmolecules when an electron beam is injected into
chemical reaction. The chemical energy increases near lifhe laser mixture. The vibrationally excited HF molecules
early and is about 20% of the energy deposited by the e-bearfi’@y be formed in this case as a result of two main processes:
Itis evident from Figure 2b that maximal specific output

on the laser chamber axis is observeg at 0.45 atm. The F+H; — HF (v = 3) + H + Q;(31.8 kcafmol), (1)
peak specific output of-5 J L' was recorded at a distance
1-3 cm from the foil while the total laser energy was as high F2+H— HF (v =6) + F + Q,(98 kcal/mol), )

as 115 J. Both input energy and the laser output from the area

near the foil increase with the pressure. Maximal laser outwhereQ; (i = 1, 2) is the energy evolved as a result of the

put up to~200 J was obtained gt ~ 1.1 atm. However, chemical reaction. In this case, the population inversion can

uniformity of the energy distribution over the output beambe represented as follow&ross & Bott, 1976; Tarasenko

area deteriorates with the mixture pressure. et al, 1998. Since the specific rate of reactidf) is 5.5
times greater than the rate of react{@jn and the latter takes
place after the formation of a sufficient number of hydrogen
atoms, the first stage consists of the inversion of population

W,k of the HF withv = 3. This, in fact, leads to the lasing as a

257 result of vibration transitions with = 3. Reaction(2) oc-
curs in the second stage and inversion of the population of

2,04 the HF molecules is attained, including the inversion as a
result of higher vibration transitions £ v = 6. Further-

1.5- more, the atomic fluorine formed in the second reaction can
again participate in the population inversion as a result of

L0- transitions withv = 3 (see reactioltl)). Thus, short chains

’ leading to an increase of the HF laser efficiency may occur

in the active mixture, whereas vibration transitions with

051 4-6 should be present in the lasing spectrum in this case.
The radiation-pulse duration should then exceed the dura-

0,0 tion of an e-beam pulse.

0.1/1 02 ’ ’ ’ ’ p, atm The energy distribution over the spectrum for thg:&k =

40- 7:1 laser mixture is illustrated in Figure 3. For the three

pressure investigated, lasing was observed as a result of
35 5 «—" transitions withv > 3. At higher pressure$0.82 and

| / 0.344 atm, lasing was detected for all sk-branch transi-
3,0

tions (Py, Py, P3, Py, Ps, Pg), whereas the maximum energy

/. corresponded to thi, transition. The emission spectra ob-
2,54 o b tained agree very well with the emission spectrum of a chain
HF laser based on anH, mixture(Azarovet al,, 1999. A

2,04 4 decrease in pressure to 0.096 atm led to lasing as a result of
o/\ the Py, P,, P3, P4, Ps transition (there was also lasing as a

151 - result of transitions withy = 3) and a shift of the lasing

0 ° ° maximum to theP; transition.

T 02 04 06 08 10 12 The temporal and spectral-temporal characteristics of the

pram HF laser were investigated both for the total laser radiation

Fig. 2. Input energyW,, measured on the pressure jurta and specific ~ and for individual lines in the pressure range 0.1-1 atm for
HF laser outpu@ (b) as a function of the SFH, mixture(1, 3, 4, 5 or pure the SK:H, = 7:1 laser mixture. A typical e-beam pulse and

SF; (2) pressure. Curve 1 is total energy deposited by the e-beam and th& laser radiation pulse obtained on the setup with pumping

chemical reaction, curve 2 is the energy deposited by the e-beam, curve 3 s

the energy deposition from the chemical reaction. Curves 4 and 5 alri)y"’lr"’ldlally convergent e-beam are shown in Figure 4a. The

specific output on the axis of the laser chamber and at the distance of 8 cA@SiNg threshold was attair?eq 40 ns after th? inje?tioln_ of the
from this axis, respectively. e-beam, whereas the radiation pulse duration significantly
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0 ----!-I-HT--- T -!T-------!?-----H---!-!!T Fig. 4. E-beam current pulsd) and lasing puls€2) for the Sk:H, = 7:1
24681012 246810 ;6 Jg 10 ; 61)8 ;6(;; i’6(J) mixture pumped by radially convergea and planatb) electron beams at
P, Q) FLONERS 5 s pressures of 0.45 atf@) and 0.344 atnib) and dependence of the radia-

. e . . tion pulse duration, obtained on device 2, on the pressure in the same
Fig. 3. Intensity distribution over the lasing spectrum at pressures in the P P

SFks:H, = 7:1 laser mixture of 0.096 atfa), 0.344 atnib), and 0.82 atnfc) mixture (c).
obtained on device 2.

sure of 1 atm, the latter exceeded the pumping pulse dura-

exceeded the pumping pulse duration and had a completon. Thus, when the mixture pressure changes from 1 to
spike structure. This is apparently also associated with th8.1 atm, the lasing pulse duration changed from 150 to
fact that different vibration transitions, including the transi- 600 ns, whereas the laser emission delay time relative to the
tions withv > 3, as a result of which lasing has long delay instant of the e-beam injection changed from 20 to 100 ns.
times, participate in the lasing process. The order in which lasing appeared as a result of individ-

Figure 4b shows e-beam current and lasing pulses ohasal vibration transitions was as followB; — P; — P; —
tained on the setup with pumping with a planar e-beamP, — Ps — Pg. The laser radiation was initially detected
These pulses have obviously similar structures. The presanly on the mostintense transition lines, wherea$th®s,
sure dependence of the half-amplitude duration of the radiPg transition lines were detected only in the second half of
ation pulse is shown in Figure 4c. An increase in pressur¢he radiation pulse. Figure 5 presents the time dependences
increases the specific energy inputs into the active mixtur®ef the lasing energy of individual lines detected as a result of
and the rates of the chemical reactions, which, in fact, leadthe transitions of thé>, band at a pressure of 0.344 atm.
to a decrease of the radiation pulse duration, but at a pregvidently, lasing as a result @, transitions with a high
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1, arb. un. ionization and a uniform electric field in the discharge gap
40] of anonchain laser with large activity is not necessZgpol-

’ sky & Yushko, 1979; Apollono\et al,, 1996, 1998, 2004)

3,51 200().
3.0- However, discharge in Hbased mixtures is more sen-
55 P,@ sitive to the preionization conditions and distribution of

’ P.(5) electric field strength in the laser gap. In our experiments,
2,04 P.(9) deterioration of the electric field uniformity in the laser
15- P.2) gap results in a dramatic decrease of the laser output and

arc formation was evident 50-200 ns later than the gap

107 P,(3) breakdown.
0,51 P,(6) The effect of the preionization on the discharge and the
00— HF laser parameters under excitation by the LC generator is

0 50 ' 1(')0 ' 1;%0 ' 2(')0 ' 2§0 ' 3(')0 't, nsec shown in Figures 6—8. Disconnection of preionization re-
sults in a two- to threefold increase of the breakdown volt-
age. However, strong deterioration of discharge stability is
evident in hydrogen-based mixtures. At low pressure, cha-
otically distributed anode and cathode flares with different
lengths penetrate into the discharge volume and short down
the gap; discharge current slightly increases while the laser
output decreases by a factor of 1.5. However at low pressure
nearly constant discharge voltagh close to the critical
voltageU., = (E,/p)dp, whereE., /p ~ 90 kV/cm X atm
(Lacouret al.,, 200)) is the critical electric field strength, is
observed across the laser gap. The number of these arc
. ; . . - channels in the laser gap increases with the mixture pres-
and is determined by the relationship = 0.88.10"%-hw, sure. A sharp increase of discharge current accompanied by

wr;er?r:w N 10.2tkcal/mkol. btained Hici ¢ a Uy fall 50-100 ns after the gap breakdown and further
n the present work, we obtained an eticiency greatelye, . o aqe of the laser output were observed. The use of pre-
than 10% on the setup with a radially convergent e-bea

. . ; onization removes anode flares and arcs from the laser
The presence in the lasing spectrum of the six P-branc

i S . - .vVolume and improves the laser output. However, the dis-
transitions indicates that molecular fluorine participates in P b

h lation i ion f i in thi ltimat charge is not quite uniform and a large number of short
e population inversion formation. In this case, ultimate .. -0 - cc is evident.

efficiency of an e-beam-initiated HF laser determined by the In the case of gas mixtures with pentane, preionization

relationshipn;, = 10"2.(9 + 12.5m), (heremis the part of h . . )
) n . as amuch lower effect on the discharge qudtse Fig. 8.
deposited energy spent fog Formation can exceed 10% In both cases, a large number of small bright spots on the

(Wilkins, 1972. cathode surface, very uniform discharge luminescence with-
out any sign of arcing, and minor differences of the laser

Fig. 5. Time variation of the individualP, transition lines at a pressure of
0.344 atm in the SfH, = 7:1 mixture, setup 2.

rotational numbed is observed simultaneously with lasing
as a result of transitions with a lod; which indicates a
significant departure from equilibrium in the distribution of
the molecular energies over rotational levels.

According to Orlovskiiet al. (1999 ultimate intrinsic
efficiency of a nonchain HF-laser with participation of only
atomic fluorine in population inversion cannot excee@o

4. NONCHAIN HF (DF) LASER WITH INITIATION
BY A SELF-SUSTAINED DISCHARGE

4.1. HF laser output and discharge stability

Different factors(discharge gap size, mixture composition

and pressure, electrode shape and surface conditions, pt
ionization intensity, pumping power, pulse duration, etc.
have an effect on the discharge stability in gas mixtures witt

SFs; and the discharge uniformity determines the laser out

put parameters. The laser action was obtained in a wid
range of gas mixture compositions and pumping pulse pa
rameters. The gas mixture of a nonchain discharge HF las¢ ' 4.

contains more than 70% $HHowever volume discharge in )

these mixtures is relatively easy to form. Development of a b
small-scale rothne.SS on eleCtrOdg_surfdeesema"y 0!’1 Fig. 6. Discharge view(negative observed in the SfH, = 24:3 Torr
the cathode surfagemproves conditions for volume dis- mixture without(a) and with (b) preionization under pumping by the LC
charge formation in gas mixtures with hydrocarbons. Pregenerator atl, = 30 kV.
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I . kA t, nsec 0’

d°

Fig. 7. Waveforms of the voltage across the gap and discharge currlgt=aB0 kV (a) and laser output versi (b) obtained with
and without preionization under pumping by the LC generattfyat 30 kV. The Sk:H, = 24:3 Torr gas mixture was used.

output only at lomJ, are evident. In the absence of preion-  The use of the inductive generator and preionization sim-
ization, discharge appears in several local points and thaitarly to Bakshtet al. (1999, 2002 increases breakdown
expands on the full electrode surfat&pollonov et al, voltage by a factor of 1.5-2, shortens rise time of the
200mb). The time of discharge expansion decreases at highischarge current, and in some experimental conditions in-
Uy, resulting in lower energy losses spent for dischargecreases the discharge current amplitude. The inductive gen-
formation. Therefore the laser output became independemrator allows the formation of a very uniform discharge
on the preionization dtly > 30 kV. even at lowJy and elevated mixture pressure. This situation
An additional indication of the discharge uniformity in is shown in Figure 10. The LC generator cannot provide the
our experiments was the partial discharge of the storaggap breakdown in a similar mixture &f < 26 kV. Break-
capacitorCy, and residual voltag¥l,es is measured across down voltage up to 50—60 kV and 50-100 ns excitation
the gap after the discharge current terminatiti.s in- pulse with current amplitude up to 30 kA was obtained with
creases directly to the mixture pressure and inversely to thihe inductive generator. It is important that a considerable
charging voltage. Maximadl,¢s approachindJ,, were ob-  part of the stored energy is deposited into the laser active
served in mixtures with K (see Fig. 9a If Uy is slightly  media at highE/p across the laser gap during the voltage
lower than the critical voltage, breakdown of the laser gapdrop after the gap breakdown. It is seen from a comparison
did not occur. Development of discharge nonuniformitiesof Figure 6 and Figure 10 that the inductive generator im-
results in zerdU,es. At low pressure and highly, stored proves discharge homogeneity. Similarly to pentane-based
energy can be totally deposited into the volume dischargenixtures, highly uniform discharge fluorescence without

(see Fig. 6andU,.s= 0, as well. cathode flares was observed in mixtures with Note that
0.1
a L8] b -
1.67

—®— without preionization

-
e

1.4 —® with preionization .

1.2]

1,01 /
0.8]

0.6 /
0. /'

02 * /

0.0

T T T T T T T T T T T T
18 20 22 24 26 28 30 32 34 3 KV
I
Fig. 8. Discharge viewnegative without preionization atl, = 30 kV (a) and effect of preionization on the laser outphi, observed
in the SK:CsH;, = 36:2 Torr mixture pumped by the LC generator.
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U, kV 0.] —v— Q, mixture SF_:H,=60:7.5 Torr n, (%)
40- —A— (), mixture SF:H =48:6 Torr
35 2’0_' —m— 1, mixture SF:H,=60:7.5 Torr 411
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Fig. 9. Voltage across the laser gap and discharge current in tieigE 60:7,5 Torr mixturda), output energy and intrinsic efficiency
of the discharge HF laser versus charging voltégethe LC generator was used.

about half of the energy stored @ is lost in the semi- plication of UV preionization improves the laser parameters
conductor opening switch during current interruption anddue to the increase of the discharge uniformity. With an LC
remains in the generator circuit. However, the inductivegenerator like that of Apollonoet al. (1998; Richeboeuf
generator provides the laser output in thetddsed mixtures et al. (1999; Lacour et al. (2001); and Tarasenket al.
close to that obtained with the LC generator, which mean$2001) mixtures with hydrocarbons were more efficient as
that intrinsic efficiency of the HF laser is improved. compared to those with Hdue to better discharge unifor-
mity. It was found that addition of a small amount of pentane
into the H-based mixture allows for improvement of laser
output and total efficiency. Maximal laser efficiency was
about 4.5%, and specific output was as high aé.8 Blow-
The experiments done show that output energy and lasaver, if uniform discharge is formed using the inductive
efficiency are determined by the discharge parameters. Apgenerator, better laser efficiency and higher output energy

4.2. HF laser efficiency and excitation
pulse parameters

U, kV
351

30+
25+
20+
15+
10+
5_
0
-5-

0 100 200
t, nsec

I.kA

b

Fig. 10. Waveforms of voltage across the laser gap and discharge cugeand discharge viewnegative (b) obtained in the
SKs:H, = 48:6 Torr mixture pumped by the inductive generator with preionizatidsyat 22 kV.
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can be achieved in the +based mixtures. Thus the induc- levels which were evident under e-beam excitation. Notice
tive generator allows us to obtain very high intrinsic effi- that maximal mixture pressure for the discharge HF laser
ciency of the HF laser aroungl, ~10% in the range of input  was only 50—60 Torr, while the intensity of tig, Ps, and
energy from 10 to~100 JL (see Fig. 11 In our experi- Pgtransition lines in the e-beam-initiated laser dramatically
ments, specific output up to 7lJand total laser efficiency decreases at low mixture pressgsee Fig. 3.
over 3% were easily realized with the inductive generator. Inour opinion, three effects can contribute to the improve-

Excitation mode withy;, ~ 10% can be realized with the ment of intrinsic efficiency of the discharge HF laser. Firstis
LC generator at, ~ U, in Hy-based mixtures. This situa- discharge uniformity. The second effect is provided by the
tion is illustrated by Figure 9b. Laser energy of 0@J/L) inductive generator. Breakdown electric field strength up to
with 7;,, = 9% was obtained at low specific input energy E,/p = 200 k\V/cm X atm and considerable energy deposi-
(<10 JL). Intrinsic efficiency as high ag, =10% andQ = tion at highE/p value across the laser gap is typical for the
0,4 J were achieved at lower gas pressure. In this excitatiomductive generator. This can increase the rate of F atom
mode, the residual voltadé,.s close toU, remains across production in the mixturd Richeboeufet al, 1998. The
the laser gap after termination of the discharge current. Therehird effect is cascade laser action. This means that one
fore total laser efficiency is); ~1%. Howevermn, can be fluorine atom can produce up to three laser photons.
improved using a pulse forming line connected with laser
gap in the impedance matched mode. An increast&pf
affectsn;,, but total laser efficiencyy, increases withJy. In
the pentane-based mixtung, was 7% lower probably due
to lower production of fluorine atom&Richeboeufet al,  The DF discharge laser output performance was very simi-
1998. Note thaty;, = 8% was obtained under excitation of lar to that of the HF laser because the exothermicity of the
HF laser by the X-ray initiated discharge in gas mixturespumping chemical reactiofi) and
with H, and GHg at low input power and minimal possible
U, (Richeboeutt al., 1998, 1999; Lacouet al,, 2001). F + D, — DF(v = 4) + D + Q5 (30.6 kcaJmol), (3)

It was found that many more lines are observed in output
spectra of the HF laser operating in the high efficiency modecorresponding rate constants for reacti¢®sand(3) and
as compared to those presented in other w@Bank & the collisional deactivation of HF and DF molecules are
Hasson, 1980; Tarasenkodal,, 1998. The number of lines very similar(Gross & Bott, 1976 However, due to lower
in eachPs, P,, and P; vibrational transition increases to laser photon energy, output of a discharge DF laser is about
8-11, and the total number of laser lines can be as high as 30.8 of that of HF lasefApollonov at al., 1996, Apollonov
Besides, about the same laser power is obtained on rot&t al, 200G, 200M).
tional lines of P;, P,, and P, vibrational transitions, and The main results obtained in our experiments with the DF
cascade laser action on some rotational lines were observeldser are shown in Figure 12. With the LC generator, maxi-
Thus the longest laser pulse duration is observed othe mal lasing energy was about 1.4 J which corresponds to the
transition. In our experimental conditions, we did not ob-specific output of 6.5/1_ and total laser efficiency of 3.2%.
serve strong lines from the upp@y, Ps, andPg vibrational  Intrinsic laser efficiency at low energy deposition was as

4.3. DF laser efficiency and excitation
pulse parameters
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Fig. 11. Output energy and total efficiency of the HF laser obtained with the LC generator in different gas migjuaed with the
inductive generator in the $fH, = 48:6 Torr mixture(b) versus charging voltage of the primary capact@gr
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Fig. 12. Output energy and efficiency of the discharge DF laser obtained with the LC gen@eadad the inductive generat@p) in
the Sk:D, = 48:6 Torr mixture versus charging voltage of the primary capa€tor

high as 6%. Similarly to the HF laser, the inductive genera- 1% is typical for this excitation mode. Alsay, is

tor significantly improvesy;, of the discharge DF laser. The higher in gas mixtures with hydrogen. Nevertheless
intrinsic efficiency of 6-7% was achieved in the specific application of a pumping generator made on the basis
input energy range from 10/U0 to ~100 JL. The laser of a pulse forming line connected with a laser gap in

output with the inductive generator was as high as 1.2 J. the impedance matched mode can significantly im-

prove total laser efficiency. This excitation mode is

promising for development of HF laser with high pulse
5. CONCLUSION repetition rate.

Nonchain HEDF) lasers with e-beam and discharge initia- 2. The use of an inductive generator allows us to obtain

tion were studied. For the HF laser, intrinsic efficiency of 7in = 10% in a wide range of input electric power
7in = 10% is obtained for both excitation methods; a dis- (corresponding to 10-10Q'l). The inductive gener-
charge DF laser with;, = 7% was developed on the basis of ator provides breakdown electric field strength up to
the inductive generator. Eo/p = 200 kV/cm X atm and a significant part of

It was shown that efficiency of the e-beam pumped non- energy stored in the inductor is deposited into the laser
chain HF laser is determined by the participation of both ~ active volume at higlE/p value across the laser gap
molecular and atomic fluorine in the inversion population during a short current pulse. The laser energy up to
formation. Thus the lasing pulse has a complicated spectral- 1.4 J, specific output of 7/1L, and total laser effi-
temporal structure due to sequential lasing onFsbranch ciency over 3% were easily achieved.

transitions(P, — El = P_3 - I_D“_ — P5 — Pg). Maximum .. Discharge uniformity, increase of the rate of fluorine atom
laser energy and intrinsic efficiency up to 200 J and 11%¢,mation in the laser active volume, and cascade laser ac-

respec::vely, were achieved. h h ff tion can explain high intrinsic efficiency of the discharge
Discharge parameters were s C_’W”_to avea _strong_e CElF laser pumped by the inductive generator. Maximal out-
on the HF(DF) laser output. Application of the inductive put up to 1.9 J and fotal HF laser efficiengy= 4.5% were

generator, electrodes of uniform field, and intense preiong . -io <4 in the SFH,-CsH 1, mixture with the LC generator.
ization allows formation of uniform volume discharge and Output parameters of the discharge DF laser were found
Improves intrinsic Ia_s_er efficiency. OEx0|tat|on mOdes WIth 1 be 0.8 of that of the HF laser. Maximal output of 1L(#.5
max'”_‘a' mtn_nsu_: efficiencyy, = 10% were r_eahz_ed._Th_e J/L) and total laser efficiency of 3.2% were achieved with
fqllowmg excitation pulse parfimet_ers pm""?'”?g h!gh INtrIN- e LC generator. With the inductive generator, intrinsic
sic eff!C|ency of HF laser with discharge initiation were efficiency of the discharge DF laser was as high as 6-7% in
found in our experiments. a wide range of input electric energies.

1. In the case of a LC generataf,, = 10% can be ob-
tained only at low specific input energy 10 JL) and

Ures approachingJy. The laser output of several hun-  The present work was performed under financial support from
dreds of millijoules and total laser efficiency of about the ISTC, project No.1206.
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