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ABSTRACT 

AN ELECTRON-BEAM CONTROLLED DISCHARGE LASER 
ON THE C-»A TRANSITION OF XENON FLUORIDE 

by 

Harvey J. Stiegler 

A XeF(C->A) laser utilizing an electron-beam controlled electric 

discharge for excitation was investigated. Studies were made of He, 

Ne, and Ar as buffer gases with various combinations of NF^, F2, and 

Xe. The partial pressure of the various gas components was varied to 

find a mixture which would achieve optimum performance. 

Energy deposition by the discharge was confirmed by observing the 

intensity of fluorescence. Positive optical gain was achieved for a 

duration of 30 ns to 40 ns and a peak gain of > 1% cm ^ was measured. 

Spectral narrowing and gain sufficient to overcome cavity losses were 

evidence of laser action. 

Output observed from the laser was on the order of 10 ^uJ/liter of 

active volume. Performance was limited by inability to rapidly depo¬ 

sit sufficient energy into the discharge. The possibility of a long¬ 

term absorption phenomenon related to the electric discharge may also 

have limited performance. 
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CHAPTER 1 

INTRODUCTION 

The term "excimer" originated as a contraction of the phrase 

"excited dimer." Strictly speaking, "excimer" refers to a molecule, 

composed of two like atoms, which is at an excited energy level above 

its ground state. A similar term, "exciplex," or "excited complex," 

refers to an excited molecule consisting of dissimilar atoms. How¬ 

ever, in the literature it has become common to use the terms inter¬ 

changeably. Thus, an excimer can be a diatomic molecule (dimer) or a 

triatomic molecule (trimer) in which the atoms are either alike or 

dissimilar. 

Many elements and compounds are today known as excimers. The 

rare gases, such as argon, krypton, and xenon, can form dimers (A^, 

Kr£, and Xe^) and are excellent examples of elemental excimers. The 

rare gases can also combine with the halogens to form dimers of the 

form RgX and trimers of the form Rg2X. The metal vapors represent 

another system which has been extensively studied. They are known to 

have the characteristics of an excimer system as well. 

The close-range reaction of some atomic or molecular systems, 

when in their ground state, is repulsive or, at most, weakly attrac¬ 

tive. The situation may change, however, when one or more species are 

excited above the ground state and a strong bond may form[l] . This 

may occur if the excited state is ionic, producing a complex of the 
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form A+ B , or it may occur as one excited species bonds to another in 

the ground state in the form A B or A B [2]. When a radiative tran¬ 

sition occurs from the excited state to the ground state, an excimer 

emission system exists. In the usual case, the ground state is repul¬ 

sive and a bound-free transition results; however, a weakly attractive 

ground state is sometimes possible resulting in a bound-bound transi¬ 

tion. Among the rare gases and rare gas halides a number of such 

emission systems have been studied. They range from the UV emission 

of Ar£ at 126 nm to the yellow-orange-red visible spectrum of the tri¬ 

mer at 614±60 nm[3, 4], 

Historically, the fact that broadband emission can result from a 

bound-free transition was known at least as early as 1927 when Lord 

Rayleigh recognized such a transition in high-pressure mercury[5, 6], 

More recently, it was suggested in 1960 that the bound-free transition 

of an excimer system could form the basis for a laser medium[7]. 

Another decade passed, however, before the means were available to 

exploit excimer laser systems. The development of high-energy elec¬ 

tron beam technology was the key which unlocked this area of research. 

This technology led to the first rare gas excimer laser in 1970 util¬ 

izing liquid xenon[6] and to the first rare gas halide excimer laser 

in 1975 with XeBr as the medium[8]. 

A specific example of a rare gas halide excimer system which is 

pertinent to this work is XeF. Fig. 1 illustrates the potential energy 

of the system as a function of separation for several states of XeF. 

The two lowest excited states are labeled B (Q — 1/2) and C (Q * 3/2). 
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Figure 1. Potential Energy of the X, A, B, and C 
States of XeF as a Function of Separation Distance[9]. 



XeF differs from the other rare gas halides in that the C state lies 

below the B state by approximately 0,1 eV[9]. The lowest ground state 

is known as the X (Q — 1/2) state and is weakly bound, whereas the A 

(Q - 3/2) ground state is strongly repulsive. These characteristics 

give rise to some interesting properties, including a large spectral 

width for the C->A transition on which population inversion is easily 

achieved due to the repulsive nature of the lower state. In addition 

to the C->A transition which is centered about 486±35 nm, there is also 

a narrow emission range near 351 nm due to the B->X transition. 

A number of pumping methods have been applied successfully to 

excimer systems. These methods include photolytic, electron beam, 

electric discharge, and X-ray pumping, among others. In photolytic 

pumping, an external energy source is used to stimulate light emission 

from outside the laser medium. This light then impinges upon the 

laser medium in order to achieve optical pumping. Electron-beam pump¬ 

ing is achieved through the use of a high voltage generator, special¬ 

ized pulse forming circuitry, and a vacuum field-emission diode. The 

electron beam generated in the high-vacuum diode passes through a very 

thin pressure barrier into the reaction cell where the electrons can 

react directly with the active medium. Electrical discharge pumping 

is the most commonly used method of excitation for excimer lasers 

today and is in widespread commercial use. Often used with preioniza¬ 

tion schemes such as spark, UV, or X-ray preionization, discharge 

pumping has been used with success to pump the rare gas halides 

including ArF, KrF, XeCl, and XeF(B-»X) . 
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A variety of applications have been proposed for the rare gas 

halide excimer lasers. A number of these are strictly research- 

related; but some, such as laser isotope separation and purification 

of chemicals, should have practical implications. Materials process¬ 

ing applications can also be envisioned where lasers are used for 

micro-machining and lithography!2]. Another very important field in 

which these devices may find application is in communications. 

The hope of obtaining a practical high-power, efficient, widely 

tunable laser in the blue-green region of the spectrum has been a 

motivating force behind this work. In particular, we desired to draw 

upon the considerable experience already obtained in optimizing e-beam 

pumped XeF(C-»A) lasers. A reasonable extension of this previous work 

was to consider the use of e-beam preionization as a means of stabil¬ 

izing an electrical discharge to excite such a laser. In this way, 

the similarities and differences between e-beam and discharge pumping 

could be studied. The eventual goal would then be to obtain optimum 

performance from the discharge excitation of XeF(C->A) while minimizing 

the preionization requirements. Finally, it was hoped that further 

development would lead to the replacement of the e-beam preionization 

source with a more compact and practical source such as the X-ray or 

UV sources already used in commercial devices. 



CHAPTER 2 

HISTORICAL AND THEORETICAL BACKGROUND 

2.1. RARE GAS HALIDES 

The year 1975 saw the beginning of a tremendous interest in the 

rare gas halides as potential laser media. A study of the emission 

spectra of XeBr, XeCl, XeF, and KrF was conducted by Brau and 

Ewing[10]. In their work, an argon buffer gas was used containing 

appropriate mixtures of xenon or krypton with the various halogens. 

The system was excited by an electron beam of 300 to 400 keV and the 

spectra of the resulting spontaneous emission observed. A theoretical 

model of the ionic binding energy was shown to be in good agreement 

with the observed radiation. Also, the lowest ground state of XeF was 

determined to be bound. 

Searles and Hart used electron beam pumping to achieve stimulated 

emission at 281.8 nm from XeBr in what is believed to have been the 

first rare gas halide excimer laser[8]. A 50 ns e-beam pulse at 

433 keV deposited 36 J into a gas mixture primarily of xenon, achiev¬ 

ing a calculated optical gain of 4% per pass (15 cm active length). 

Somewhat later the same year, Brau and Ewing reported laser action 

from XeF[11] and then from KrF and XeCl[12]. Lasing was achieved from 

XeF at 354 nm using a 300 keV e-beam with a 100 ns pulse width and 

2 
delivering a current density of 200 A/cm . The gas mixture for this 

laser contained a majority of Ar as the buffer gas. Laser action from 

6 



KrF at 248 run and from XeCl at 308 nm was obtained under similar con¬ 

ditions. For 2 J deposited in the laser mixture, approximately 50 JJJ 

were obtained from XeCl and 6 to 8 mJ from KrF. The latter 

corresponds to an efficiency of approximately 0.4%. Ault, et al, 

introduced NF^ as a halogen donor in the XeF(B-*X) laser [13]. With a 

mixture of Ar, Xe, and NF^ an energy output of 5 mJ was obtained 

corresponding to an efficiency of 0.5%. 

The scalability of the rare gas halide excimer lasers was demon¬ 

strated dramatically by Tisone, Hays, and Hoffman in work at Sandia 

Laboratories [14]. In an experiment with the 248 nm KrF laser, a 

1.2 MeV electron beam with a peak current of 142 kA and a pulse dura¬ 

tion of 50 ns was used to excite an active region 40 cm long. A mix¬ 

ture of Ar, Kr, and was used and resulted in a maximum energy out¬ 

put of 5.6 J. This corresponds to an efficiency of 2% to 3% and an 

g 
output power of 1.15 x 10 W. Further work by the same team used a 

2 MeV electron beam with a total beam energy of 6 kJ of which 3 kJ was 

deposited in an active region 180 cm long and 15 cm in diameter. With 

this apparatus a maximum energy output of 108 J was obtained from KrF 

and 92 J from ArF. The estimated peak power from these experiments 

was 1.9 x 10^ W for KrF and 1.6 x 10^ W for ArF [15]. 

In contrast to the rare gas halide lasers previously mentioned, 

all of which used electron beam excitation, Burnham, et al, used 

transverse electric discharge to excite a XeF(B-»X) laser[16], The 

laser was modeled after a typical Nj laser and had the ability to 

store 10 J of energy which could be delivered as a maximum current of 
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10 kA with a rise time of 20 ns. 

2.2. DEVELOPMENT OF TOE XeF(C->A) LASER 

The first report of lasing action on the C-»A transition of XeF 

appeared in 1979. This was of considerable interest due to the wide 

bandwidth of the XeF(C-»A) fluorescence and hence the potential for a 

high power laser tunable over a wide range in the blue-green region. 

During 1979 and 1980 several reports were published of XeF(C-»A) lasers 

using various pumping schemes such as photolytic excitation, electric 

discharge excitation, and direct e-beam pumping. 

Bischel, et al, used an electron beam generator as the primary 

2 
excitation source in their experiments [ 17 ]. The 10 A/cm 350 keV 

electron beam was stopped by 5 atm to 6 atm of xenon gas. The 172 nm 

•jdf 

fluorescence of Xe^ was then used to photolytically pump a mixture of 

XeF£, SFg, and Ar. With this scheme, lasing action was observed on 

both the B->X and C-*A transitions of XeF. The resulting output was 

1 mJ and could be obtained all in the B-»X transition or equally 

divided between the two transitions. The gain in this system was 

estimated at about 0.4% cm \ 

Electric discharge excitation of XeF(C-*A) was investigated by 

Fisher, et al[18], and by Burriham[19]. The former used UV preioniza¬ 

tion, along with electric discharge, in order to excite a mixture of 3 

torr Xe, 2 torr NF^, and 3 atm He. Use of helium as the buffer gas was 

thought to reduce the initial absorption, but performance was still 

limited by the short time available for the stimulated emission to 
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build up and the low value of gain which again was on the order of 

0.4% cm ^ to 1.0% cm Burnham used a very similar gas mix and a 

self-sustained discharge to obtain approximately the same level of 

optical gain. For 10 J deposited in the laser medium, outputs of 

0.1 JJJ to 3 /JJ were obtained by the latter. 

Ernst and Tittel investigated direct electron-beam pumping of 

XeF(C-»A) with very short (8 ns) pulses of 1 MeV electrons[20]. A mix¬ 

ture of 16 torr Xe, 8 torr NF^, and 600 kPa Ar produced a peak power 

output of 5 kW. Subsequently, much longer electron beam pulses, on 

the order of one microsecond, were used by Campbell, et al, to pump 

mixtures of kr/Xe/F^t Ne/Xe/NF^, and Kr/Xe/F^[21]. Performance of 

this laser was still limited, however, by the slow cavity flux build¬ 

up due to broadband absorption. 

In a series of significant steps, research at Rice University 

achieved considerable improvement in the performance of e-beam pumped 

XeF(C-*A) lasers. By selectively tailoring kinetic processes and using 

both NF^ and F^ as halogen donors along with Xe in a high pressure 

argon buffer gas, improvement was obtained in both output power and 

spectral characteristics[22]. A laser pulse energy density of 

0.1 J/liter, the equivalent of about 0.1% efficiency, was reported. 

The improvement over previously-reported results was attributed pri¬ 

marily to reduced absorption by Xe-related species. Subsequently, 

another order of magnitude improvement was obtained, due mainly to 

increased deposition of the e-beam energy into the active medium and 

optimization of the output coupling[9]. The addition of Kr to the 
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mixture resulted in further improvement to an energy density of 

2.2±0.3 J/liter and an efficiency of Z 1.5%[23]. The effect of Kr 

leads to a considerable reduction in the initial absorption, as well 

as an enhanced rate of XeF(B,C) formation. 

2.3. KINETICS OF XeF(B,C) FORMATION 

Most research to date on XeF(C-»A) has concentrated on results 

which can be obtained with direct e-beam excitation. The kinetics 

relating to the formation of XeF(B,C) and pertinent absorbing species 

under e-beam pumping have been studied in detail[9, 23, 24], The 

sequence begins with the reaction of a high energy electron with the 

Ar buffer gas: 

Ar + e -*■ Ar+ + 2e 

Ar+ + 2Ar Ar+ + Ar 

Ar* + Xe -» Xe+ + 2Ar 

Meanwhile, a fluorine atom can become ionized and subsequently reacts 

with Xe to form XeF : 

Fj + e" -* F’ + F 

Xe+ + F" + Ar -* XeF* + Ar 

An alternative path proceeds as follows: 

* 
Ar + e -» Ar + e 
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Ar* + 2Ar -* Ar^ + Ar 

Ar* + Xe -» Xe* + 2Ar 

Xe* + F2 -♦ XeF* + F 

Fig. 2 illustrates these and several less important channels for the 

formation of XeF(B,C). The buffer gas and secondary electrons parti¬ 

cipate in quenching and thermalization of the excited species. The 

XeF molecule, which may form at excited levels in the B state, rapidly 

relaxes to the lowest vibrational state. Thermal mixing then 

St 
transfers XeF from the B state to the lower energy C state. In 

equilibrium at room temperature, over 95% of the XeF will be in the C 

state. The efficiency of this process is on the order of 5% to 10%. 

Once XeF(B,C) is formed, it can be quenched by other components 

st 
of the gas mixture or by reaction to form new exciplexes. Since XeF 

st st 
is a precursor to Xe£F , the concentration of XeF can be reduced by 

st 
the formation reaction for Xe2F : 

XeF* + Ar + Xe -» Xe2F* + Ar 

Thus, excess Xe can enhance the loss of XeF after it is formed. Addi¬ 

tionally, the presence of other components in the gas mixture can 

St 
cause quenching of XeF . The most important of these are the halogen 

donors NF^ and F2. Secondary electrons are also a significant quench - 

st 
ing agent of XeF , while the Ar buffer gas is the least important. 

Typical rate coefficients for quenching of XeF(C) by the various com¬ 

ponents of the gas mixture are 1.2 x 10 ^ cm^/sec for Xe, 2.1 x 10 
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Figure 2. Primary Formation Channels for XeF(B,C)[9]. 
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cm^/sec for F2, 1.5 x 10 ^ cm^/sec for NF^, 1.8-40.0 x 10 ^ cm^/sec 

- -14 3 
for e , and < 1 x 10 cm /sec for Ar[4, 25, 26]. 

In the e-beam excited XeF(C-»A) laser, following the excitation 

pulse, there is first a period of absorption, followed somewhat later 

by a period of positive gain. The strong initial absorption is due to 

several species which form quickly but then decay after the termina- 

tion of the e-beam pulse. Among these are Ar^, Ar (the 4p, 3d, and 

* 3 + 
higher excited states), and A^ ( 2^). The only significant long- 

lived absorption is contributed by the species Xe which persists 

long enough to limit the gain throughout most or all of the life of 

the active gain[24]. 

2.4. DISCHARGE CONSIDERATIONS 

In an e-beam controlled discharge laser it is desirable to obtain 

most of the pumping from the electric discharge. Three important 

characteristics of such a system are (1) the optical gain contributed 

by the discharge pumping, (2) the stability of the discharge, and (3) 

the energy added to the system by the discharge. The purpose of the 

e-beam is to provide a source of preionization in order to stabilize 

the discharge such that energy can be efficiently and uniformly depo¬ 

sited in the medium. Therefore, it is important to consider factors 

which influence discharge stability. Since the purpose of the elec¬ 

trical discharge is to enhance the optical gain and energy which can 

be obtained from the system, factors which influence the energy depo¬ 

sition by the discharge will also be considered. 
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2.4.1. GAIN DUE TO DISCHARGE EXCITATION 

In general, the small signal gain of an excimer laser medium with 

a repulsive ground state is given by g — M , where a^ is the stimu- 

* 
lated emission cross section and M is the number density of excited 

metastable states. The contribution due to the discharge pumping can 

be estimated in the following way[2]. The power per unit volume depo¬ 

sited by the discharge is given by 

2 
Pn - JE - n q ju E 
D ene*e 

where J is the current density, E the electric field, n^ the number 

density of electrons, q the electron charge, and fj. the electron 
e e 

mobility. The excited metastable state density is given by 

M ” PD7?D77Q hv 

where 77^ is the discharge efficiency, 77^ the quantum efficiency, and r 

the effective lifetime of the excited state. Therefore, 

* T 
g - a M - 77^77^ a 7— ° v 'D Q v hi/ 

which is proportional to ngE 

1 ,«-17 2 are o — 1 x 10 cm , r 
v 

2 
cm /kV-sec for 6 atm argon. 

2 
n q u E eee 

2 
. Typical values for the XeF(C-»A) system 

- 20 ns, 77Q “ 0.05, and - 6.7 x 10^ 

If 77JJ “ 1 and E — 8 kV/cm, then an elec- 

15 3 
tron density of 10 /cm yields an expected small signal gain of about 

1.6%/cm. These conditions also produce a discharge power density of 

5 3 
6.8 x 10 W/cm or a deposited energy from the discharge of 

6.8 J/liter based on a discharge pulse duration of 10 ns. 
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2.4.2. DISCHARGE STABILITY 

Daugherty, et al, have derived a stability criterion for 

discharges where two-step ionization is dominant, as is often the case 

in discharge pumped visible lasers[27, 28], The production and loss 

of electrons and metastables can be described by 

dn 

dT - s + <V«n. CD 

St 
dM M M 
—■ - <ov>n M - — 
dt e T 

(2) 

where S is the production rate of electron-ion pairs by the preioniza¬ 

tion source, v^ is the ionization rate by secondary electrons, p is 

the attachment rate, and <ov> is the rate constant for metastable pro¬ 

duction by electron impact. Because metastable ionization is dominant, 

* 

where <<rv>^ is the rate constant for ionization of the metastables by 

electron impact. Equation (2) can thus be rewritten 

dl/i . 
-7— - An 
dt e 

By, (3) 

with A — <ov>j<0v>M and B — 1/r. Equations (1) and (3) are a pair of 

simultaneous, nonlinear differential equations which can be solved by 

linearizing and applying a perturbation analysis. In this way, 

Daugherty, et al, showed that a stable discharge results if 

where 

2y 

io 

io 

is the equilibrium ionization rate [ 27 ]. Referring to (1), 
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we can also see that stable discharge operation cannot be achieved 

unless S > 0; hence, a preionized discharge is not stable after the 

termination of the preionization source[27, 28, 29], However, during 

the operation of the ionization source, stability can be achieved if 

the ionization requirement S > is met[29]. Thus, the e-beam con¬ 

trolled rare gas halide discharge laser operates in two phases. 

First, during the operation of the e-beam ionization source, discharge 

stability may be achieved as shown above. After the external ioniza¬ 

tion ceases, however, the discharge cannot be self-sustaining even 

though current may continue to flow for a short time. The result 

after the electron density decays depends upon the magnitude of the 

electric field and may be either a self-extinguishing discharge or an 

unstable arc. 

2.4.3. DISCHARGE ENHANCEMENT 

The objective in an e-beam stabilized discharge laser is usually 

to provide as much power as possible from the discharge source. The 

ratio of power deposited by the discharge to the power deposited by 

the e-beam, P-/P--, is called the enhancement ratio N. Since 
D r*J5 

2 
P_ - JE - n q ii E 
D e^e^e 

and 

P 
EB 

n n k E 
e a a i 

then 
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N - 
EB 

<^eE 

n k E, 
a a 1 

where n& is the density of attaching species, k& is the dissociative 

attachment rate, and E^ is the energy required to create one 

electron-ion pair. Thus, the enhancement ratio is proportional to the 

square of the electric field. Alternatively, 

N 
D 

PEB W-V1! 

But, for stability we need § à 2I/^q, 
so 

,2 

EB 

q ju E ee 
v. E, 
io i 

gives an upper bound to the enhancement ratio which can be obtained in 

a stable discharge [27, 28], Although it is possible to obtain a large 

enhancement ratio, doing so requires operation in the region of low 

power density and low gain where losses and absorption are more criti¬ 

cal. However, it has been estimated that enhancement ratios of 3 to 

10 can be obtained under conditions favorable to rare-gas-halide laser 

operation[2, 27, 28]. 



CHAPTER 3 

EXPERIMENTAL APPARATUS 

3.1. REACTION CELL 

A cross section of the laser cell is shown in Fig. 3. The insu¬ 

lating spacer was fabricated from a solid block of Kynar by machining 

within it a cavity of the appropriate dimensions. Kynar was chosen as 

the insulating material because of its favorable chemical and dielec¬ 

tric properties. The discharge anode was. formed by a flat, grounded 

stainless steel mesh near the back of the cavity. A Chang profile[30] 

cathode was mounted on a stainless steel connection plate which was 

attached to the front of the cell. For diagnostics an alternative 

front plate was available which provided five ports that could accept 

a Faraday cup probe. A 50 /m titanium foil separated the cavity from 

the cathode of the electron beam generator and its high-vacuum diode 

chamber. Unless otherwise specified, all hardware within the cell was 

of stainless steel because of the necessity to handle corrosive gases. 

The cell was passivated by prolonged exposure to prior to the 

experiments. 

The upper limit of pressure which could be contained by the cell 

was determined to be limited by the size of the front and rear open¬ 

ings and the attachment method used for the face plates. All hardware 

attachment to the Kynar was made by the use of 10-24 tapped holes 

lined with "helicoil" reinforcing. A sample tested in the laboratory 

18 
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FF 

Figure 3. Laser Cell, Cross-Sectional View. 
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showed a yield strength of Z 910 pounds for one bolt. This led to the 

conclusion that 6 atmospheres could be used in the cell with a safety 

factor of approximately 3. 

The reaction cell was connected to an all-stainless-steel gas 

manifold which allowed independent selection of up to 7 various gas 

sources. The manifold was fitted with an MKS Baratron capacitive 

pressure gauge for precise monitoring of pressures below one atmo¬ 

sphere and with a Wallace and Tieman gauge for measuring pressures 

above one atmosphere. The rare gases used were research grade, 

^99.995% pure. The NF^ supply was spectrophotometrie grade, 99+% 

pure. The F£ was supplied in a 10% mixture with 90% helium as the 

diluent. Usually the active gases were allowed to flow into the cell 

relatively slowly. Then the buffer gases were blown into the cell 

rapidly to provide turbulent mixing. Due to deterioration of the 

halogen donor gases, only two or three shots could be obtained with 

each gas fill; and quantitative data usually dictated a new fill for 

every shot. A mechanical vacuum pump evacuated the manifold to I 10 

millitorr between gas fills, and a diffusion pump mounted directly to 

the cell could evacuate the cell to < 1 millitorr between shots. The 

manifold was also fitted with thermocouple and Penning ionization 

gauges to monitor the pumping between shots. 

Flanges attached to the cell could accept either sapphire windows 

for fluorescence and gain measurements or mirror mounts for laser 

experiments. The mirrors were held by flexible bellows mounts allow¬ 

ing for external alignment of the intracell optics. Because the 
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mirrors were exposed to the environment of the laser medium, they were 

overcoated with to protect against the fluorine atmosphere. 

3.2. EXCITATION AND PREIONIZATION SOURCES 

Preionization of the medium was accomplished by transverse injec¬ 

tion of an electron beam. The e-beam generator was a Physics Interna¬ 

tional Pulserad 110 with an output beam energy of from 800 keV to 

1 MeV. The Pulserad 110 contains a 10-stage Marx bank high voltage 

generator, each stage consisting of a 0.01875 /JF dual capacitor. The 

stages are capable of being charged in parallel to 100 kV and subse¬ 

quently switched in series to provide an output of 1.0 MV. Switching 

is accomplished by SFg-filled spark gaps, one of which is able to be 

triggered by a pulse from the Pulsepak 10A high voltage pulse genera¬ 

tor. The output of the Marx bank is fed to a Blumlein pulse forming 

network and then to the vacuum diode and electron accelerator tube. 

The operation of this machine has been described in more detail by 

Cordray[31], Smayling[6], andZhu[32]. 

For these experiments one significant modification was made to 

the Pulserad 110. The cathode, which had been approximately 4 inches 

in length for previous work, was replaced by one 12 inches in length. 

Due to arcing problems from the ends of the cathode, the length was 

reduced to 10 inches. Considerable diagnostic testing was required in 

order to find the optimum anode-cathode spacing for the e-beam and to 

insure that the electron current density was uniform. This was accom¬ 

plished by measuring the current density at each of five positions 
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with a Faraday cup probe. Also, Diazachrome film was placed inside 

the cell, exposed to the electron beam, and developed in order to 

observe the uniformity of the electron flux. Final adjustments gave a 

flux which was uniform when observed visually on the film and within 

approximately ±20% when measured with the Faraday cup probe. The 

2 
final electron current density was Z 50 A/cm with a pulse duration of 

approximately 10 ns. 

The physical arrangement of the main storage capacitor, peaking 

capacitors, and thyratron can be seen in Fig. 4. The cell was mounted 

on a circular backplate which also served as the mounting surface for 

twenty-four 1300 pF peaking capacitors. This enabled the peaking 

capacitors to be located close to the cell in order to minimize the 

inductance in the discharge loop. The 0.316 /xF main storage capaci¬ 

tor, thyratron, and associated charging circuitry were located adja¬ 

cent to the cell as shown. 

The details of the charge-discharge circuitry are shown in Fig.5. 

A variable DC power supply capable of 40 kV was the high voltage 

source used to charge the main storage capacitor through a resistive 

charging network. A simple resistive voltage divider was used to mon¬ 

itor the charging of the storage capacitor. However, a resistive vol¬ 

tage divider was not practical for monitoring the cell voltage during 

discharge due to the fast rise and fall times of the signal. There¬ 

fore, a capacitive voltage divider was constructed for measuring the 

discharge voltage. The capacitive voltage divider consisted of two 

coaxial capacitors formed from a copper center conductor and two 
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Figure 4. Laser Cell and Arrangement of Discharge Circuitry. 
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Figure 5. Schematic Diagram of Charge-Discharge Circuitry. 
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concentric copper cylinders with machined plexiglass dielectric. The 

outer cylinder was grounded, and a copper end cap fitted with a stan¬ 

dard coaxial cable connector provided additional noise immunity. The 

capacitors provided approximately a 1000:1 voltage reduction and were 

followed by a resistive divider for an overall 5000:1 attenuation. 

The EG&G HY-3202 thyratron was found to have excellent triggering 

performance with low jitter. However, initial experiments were 

plagued by a low hold-off voltage. Discussion with the factory 

representative revealed the fact that the specified 35 kV peak forward 

anode voltage could not be held off under DC conditions but only for 

times on the order of 1 ms when used in conjunction with a pulse- 

charging power supply. However, the 17 kV hold-off voltage which was 

observed was below expectations. The cause of the degradation was 

believed to be mercury contamination of the internal surfaces aggra¬ 

vated by shipping and handling of the device. Recommended corrective 

action consisted of reducing the power to the reservoir heater and 

exercising of the thyratron under gradually increasing anode voltage. 

With both filaments set to their minimum 5.8 V, several hours of 

exercising allowed 25 kV hold-off to be achieved under DC conditions. 

This is close to the 27 to 28 kV which is the maximum the factory 

representative felt could be achieved. Although reduced reservoir 

drive was expected to increase the pulse-to-pulse jitter from a nomi¬ 

nal 5 to 7 ns to the worst case of 12 ns, no difficulty was encoun¬ 

tered. 
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Synchronization of the e-beam generator with the thyratron 

discharge was accomplished by a Hewlett-Packard 214B pulse generator, 

an EG&G TM-27 thyratron trigger generator, and a Pulsepak 10A high 

voltage pulse generator as shown in Fig. 6. This timing was very 

critical. Fig. 7 shows the difference in cell discharge voltage for a 

properly preionized, e-beam initiated discharge (good timing) and for 

cell self breakdown (bad timing). In order to reduce the j itter of 

the Pulserad 110, several things were done. First, all of the spark 

gaps were removed and cleaned. Second, a new electrode was installed 

in the triggered spark gap. Third, the oil gap switch in the Blumlein 

circuitry was adjusted to achieve more consistent breakdown. Although 

these efforts did improve the results, there were still enough 

sporadic instances of bad timing to require continuous monitoring of 

the e-beam timing and discharge voltage. The e-beam timing was usu¬ 

ally monitored by observing the output of the Pulserad 110's internal 

Rogowski coil on a Tektronix 7834 storage oscilloscope, while the 

discharge voltage monitor was observed on a Tektronix R7903 oscillo¬ 

scope fitted with a recording camera. 

Fig. 7 also illustrates that the peaking capacitors and cell 

charged with a relatively slow rise time. It had been anticipated 

that this would occur fast enough to allow the cell to "ring up" above 

the DC charging level of the storage capacitor, thus increasing the 

cell charging voltage. However, voltages greater than the 25 kV 

charging level were not observed. Hence, it is believed that cell 

breakdown may have occurred fast enough relative to the charging rise 
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Figure 7. Temporal Behavior of Discharge Voltage 
for E-Beam Initiated Discharge and Self-Breakdown. 
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time to limit the maximum voltage that could be achieved. 

3.3. OPTICAL RESONATOR 

A stable resonator consisting of two high reflectivity mirrors 

was used for the laser experiments. The end mirror was concave 

(r - 1.0 m) with maximum reflectivity (R > 99%), while a plane output 

coupler was used. Output coupler reflectivities from 90% to 98% were 

tried, but 90% was used for the majority of the laser experiments. 

The mirrors were coated with wide-band (±30 nm) dielectric coatings. 

A mirror spacing of 45 cm was used during most of the laser experi¬ 

ments, but later Kynar extension tubes were fabricated and used to 

reduce the cavity length to 32.5 cm. The use of intracell optics 

eliminated reflection losses at the windows. The resonator could be 

aligned externally due to the flexible bellows mounts, and realignment 

was usually necessary before every shot due to the vibration from the 

e-beam generator. The active volume was considered to be defined by 

the length of the preionized medium (25cm) and the clear aperture 

3 
(1.9cm) which gave a useful active volume of approximately 70.8 cm . 

3.4. INSTRUMENTATION 

The temporal behavior of the fluorescence and laser output was 

measured by a fast vacuum photodiode detector (ITT F4000-S5) with a 

rise time of better than 0.5 ns. The photodiode was biased to 2.0 kV 

and connected via low noise Heliax cable and a capacitive coupling 

network to a Tektronix R7912 transient digitizer. The transient digi¬ 

tizer could record signals with a time resolution of better than 2 ns. 
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Interference and color glass filters were used to define the spectral 

range of interest. 

Time integrated spectral data was recorded by a Princeton Applied 

Research optical multichannel analyzer (OMA-I). A Jarrell-Ash 0.25 

meter spectrometer separated the incident beam so that it could be 

detected by a linear array of 500 photodiodes in the OMA detector 

head. The signals from the photodiode array were analyzed and stored 

by the OMA-1 and later transferred to a minicomputer for further 

analysis and storage. 

A PDP-11/23 minicomputer received data from both the OMA-I and 

the transient digitizer. Software was available which allowed easy 

analysis of temporal and spectral data, storage and retrieval of data, 

and hard-copy plotting. 

Gain measurements were made using a cw Ar-ion laser operating at 

488 nm. An arrangement of mirrors allowed either one or three passes 

through the cell to be used, depending upon the magnitude of the gain, 

with most measurements requiring three passes. The laser probe signal 

was focused on a fast PIN diode detector (HP5082-4200) located 10 

meters from the laser cell. A narrow-band interference filter and an 

iris were utilized in order to limit the fluorescence signal strength, 

and a mechanical shutter was used to pulse the probe laser signal in 

order to avoid saturation of the detector. 

Because of the magnitude of the electrical noise produced by the 

firing of the e-beam generator, careful shielding of sensitive instru- 
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mentation was essential. The PIN diode detector, transient digitizer, 

and computer were all located inside a Faraday cage to shield against 

electrical noise. In addition, continuous copper tubing shielded 

instrumentation cables from the cage to the near vicinity of sensors 

which were outside the cage. 



CHAPTER 4 

EXPERIMENTAL OBSERVATIONS 

The experimental work was divided into three phases: observation 

of fluorescence intensity and spectra, demonstration of laser opera¬ 

tion, and measurement of gain and absorption parameters. The work 

proceeded essentially in this order and is presented here chronologi¬ 

cally in order to demonstrate the evolution of the data. 

4.1. FLUORESCENCE MEASUREMENTS 

The first phase of the experimental work involved observation of 

the intensity and spectra of XeF(C-»A) fluorescence. This phase had 

two objectives: (1) to determine if the gas mixtures optimized for 

e-beam-only excitation are suitable for e-beam preionized discharge 

pumped lasers, and if not to reoptimize the mixtures; and (2) to 

determine if energy is actually being deposited into the laser medium 

by the discharge. Initially, the storage capacitor was DC charged and 

then the e-beam was allowed to trigger the discharge of the capacitor. 

Tests were made in this mode for both helium and argon buffer gases. 

A change was then made to thyratron charging of the discharge and 

further studies were made with argon as the buffer gas. 

4.1.1. HELIUM BUFFER GAS STUDIES 

The initial starting point for the experimental work combined the 

mix of active species known to be near-optimum for e-beam pumped 

32 



33 

XeF(C-*A) with a helium buffer gas. The choice of helium was made due 

to its superior properties for discharge work as compared to argon 

[16] and because the use of helium for XeF(C-*A) discharge lasers has 

been documented in the literature [18, 19]. Mixtures of 8 torr NF^, 8 

torr F£, and 16 torr Xe or 8 torr NF^, 2 torr F2, and 10 torr Xe were 

tried initially, both with 2 to 3 atmospheres of helium. Next, vari¬ 

ous concentrations of krypton were added to the second mixture because 

of the known ability of Kr to quench absorbing species. Following 

this, a mixture of 8 torr NF^, 2 torr F2, 150 torr Kr, and 2 atm He 

was scanned with varying concentrations of Xe. A partial pressure of 

20 torr Xe was found to be near optimum. Variation of the concen¬ 

tration resulted in no further improvement nor did the replacement of 

Kr by Ar. Based on this preliminary work, a mixture consisting of 8 

torr NFj, 2 torr F2, 20 torr Xe, 200 torr Kr, and 2 atmospheres He 

showed some promise. However, a brief laser experiment at this point 

resulted in no measurable output. Therefore, it was concluded that 

the helium buffer gas was not adequate and the decision was made to 

switch to argon. 

4.2. ARGON BUFFER GAS STUDIES 

Continuing in the mode of DC charging of the cell storage capaci¬ 

tor, we returned to the previously-known best XeF(C-»A) mixture for e- 

beam pumping, consisting of 8 torr NF^, 2 torr F2, 10 torr Xe, 300 

torr Kr, and 4 atm Ar. The result was an improvement by a factor of 2 

in fluorescence intensity over the best helium mixture. Some diffi¬ 

culty was encountered in reaching the desired charging voltage, 



34 

however, as the self breakdown voltage of the cell was determined to 

be about 24.3 kV and was somewhat unstable. A switch to 4 atm Kr and 

300 torr Ar resulted in some improvement in breakdown voltage, to 

around 27.6 kV, but no improvement in fluorescence performance. 

The mixture 8 torr NF^, 2 torr Fj, 10 torr Xe, 300 torr Kr, and 4 

atm argon was used as the basis to scan fluorescence intensity as a 

function of F£ concentration. To some extent, increasing F2 partial 

pressure provided an increase in performance. A change in F2 partial 

pressure also seemed to have some effect upon the cell breakdown vol¬ 

tage. Below 6 torr F2 the data was too inconsistent to be conclusive; 

however, from 6 torr to 12 torr Fj the breakdown voltage increased in 

an approximately linear fashion from 24 kV to 27.3 kV. During the 

course of this scan, cell self breakdown was measured from 20.9 kV to 

27.6 kV. The variation in cell breakdown voltage made consistent data 

difficult to obtain under these circumstances. However, based on the 

available data, an F2 partial pressure of 8 torr was chosen for 

further work. Also, in order to remove the variable of cell breakdown 

voltage from the problem it was decided to install the thyratron cir¬ 

cuitry at this point. 

A considerable amount of time and effort was required in order to 

improve the stability of the e-beam triggering and to synchronize it 

to the thyratron trigger circuitry. However, after this was accom¬ 

plished reasonable data was acquired. The chief objective at this 

point was to determine fluorescence intensity as a function of charg¬ 

ing voltage. The results of this study are shown in Fig. 8 for an 
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argon buffer gas pressure of 6 atmospheres. Similar data was obtained 

for 4 atmospheres of argon and closely parallels the data shown with a 

magnitude some 10% to 15% lower. Based on this data, it was apparent 

that the discharge was in fact delivering energy to the active medium 

and that increased charging voltage increased the amount of energy 

delivered. Subsequent to this work a 25 kV charging voltage was used 

for all data. 

The stability of the discharge was confirmed photographically. 

Fig. 9 shows an e-beam-stabilized discharge and an unstable arcing 

discharge. Comparison of these photographs clearly shows the arc 

streamers in the unstable discharge which are not present in the 

stable glow discharge. 

4.3. LASER STUDIES 

The objective of this stage of the investigation was to optimize 

the gas mixture for optimum laser performance. Although it was 

expected that these results would generally parallel those of the 

fluorescence studies, laser intensity is generally a more sensitive 

indicator of the performance of the medium than is fluorescence inten¬ 

sity. In fact, the scanning of gas mixes by fluorescence gave trends 

which were sometimes difficult to pick out of the experimental varia¬ 

tions, whereas the data obtained by scanning with laser intensity pro¬ 

duced reasonably clean, if occasionally somewhat broad, peaks. All 

data was taken with the discharge storage capacitor charged to 25 kV 

and a thyratron-triggered discharge. 
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a. Stable Discharge. 

b. Unstable Arcing Discharge. 

Figure 9. Photographs of Stable and Unstable Discharges. 
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Initially a 5% output coupler was used. This was previously 

determined to be optimum for the e-beam pumped laser[9]. Since the 

fluorescence data indicated a significant performance sensitivity to 

F2, this was scanned first. Constants were 8 torr NF^, 10 torr Xe, 

300 torr Kr, and 6 atm Ar. As shown in Fig. 10, the total energy out¬ 

put peaked around 8 torr F2, whereas the peak intensity occurred 

around 10 torr F2. This was accounted for by a longer pulse duration 

at the lower partial pressure. 

Based on the results of F2 scanning, 8 torr F2 was selected and 

Xe was varied next. These results are depicted in Fig. 11. A some¬ 

what broader peak was seen for Xe than for F2, and the optimum partial 

pressure occurred in the neighborhood of 22 to 24 torr. This was 

interesting because it indicated a somewhat higher tolerance for Xe 

than the optimum for the pure e-beam case. 

Next, a brief study of output coupling was conducted. First, the 

reflectivity of the output coupler was increased to 98%. This was 

accompanied by a reduction in output to about one-third of the value 

observed with 95% reflectivity. A subsequent change to 90% produced 

an improvement by a factor of 2 over 5% output coupling. Furthermore, 

comparison of the output produced in an aligned versus unaligned cav¬ 

ity confirmed an improvement in output by a factor of 2.5 in the 

aligned condition, even when the aligned shot was the second shot on a 

given gas fill. 

The best results to this point were combined for one additional 

scanning sequence where the pressure of Kr was varied. For a mixture 
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Figure 10. Peak Laser Intensity and Total Output 
Energy as Functions of F£ Partial Pressure. 
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of 8 torr NF^, 10 torr 22 torr Xe, and 6 atm Ar, a curve was 

obtained which exhibited a broad peak in laser intensity at 300 torr 

Kr as shown in Fig. 12. This was in general agreement with previous 

results for e-beam-only pumping[23]. 

An example spectrum recorded by the optical multichannel analyzer 

is shown in Fig. 13. As can be seen, the laser experiments resulted 

in an output which demonstrated considerable spectral narrowing as 

well as characteristic absorption features in the line peak. Further 

discussion of the results of the laser experiments is given in 

Chapter 5. 

4.4. GAIN STUDIES 

Gain studies of the system were conducted using the 488 nm output 

of an Ar-ion probe laser and 3 passes through the active medium. The 

data obtained was viewed in two ways: (1) temporal evolution of gain, 

and (2) peak gain as a function of various gas components in the mix¬ 

ture. As might have been expected, the latter tended to confirm the 

data already taken in studies of fluorescence and laser intensity. The 

former, however, provided some new information regarding the develop¬ 

ment of gain and absorption in the system. 

Initial gain measurements attempted to duplicate the results of 

Fisher, et al, using a mixture of 2 torr NF^, 3 torr Xe, and 3 atm 

He[18]. Both e-beam preionization and 25 kV thyratron-triggered 

discharge were used. The result was a pattern familiar from e-beam 

work: an initial period of absorption followed by a period of posi- 
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Figure 12. Laser Intensity as a Function of Kr Partial Pressure. 
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Figure 13. Laser Spectrum Showing Spectral Narrowing. 
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tive gain. However, the value of the gain was small, being less than 

approximately 0.4% cm A more conventional e-beam mixture of 8 torr 

NFj, 8 torr Fj, 10 torr Xe, 300 torr Kr, and 3 atm He did not improve 

the results. No measurable gain was observed for this mixture, and 

furthermore the first signs were seen of strong postexcitation long¬ 

term absorption. Removing the Kr slowed the rise in the absorption 

but still did not increase the gain to measurable levels. 

The first reasonable gain was obtained from a mixture which dou¬ 

bled the active species concentrations from the work of Fisher to 4 

torr NFj and 6 torr Xe in 3 atm He. After an initial period of 

absorption, a gain of approximately 0.55% cm ^ was obtained. This 

mixture, however, also showed some slowly rising postgain absorption. 

Continuing along this line, an increase in NF^ to 6 torr and Xe to 9 

torr produced further increase in peak gain as shown in Fig. 14. Also 

observed was the long-term absorption noted earlier. Further increase 

to 8 torr NF^ and 12 torr Xe did not improve the gain produced but did 

increase slightly the late absorption. 

An investigation was made at this point of buffer gas mixtures 

containing neon. This was prompted by the reported use of Ne as a 

buffer by Campbell, et al[21]. As shown in Fig. 15, gain was achieved 

which is comparable to that in the previous studies. However, a very 

strong absorption was noted immediately after the period of positive 

gain. In fact, this absorption was sufficient to render the active 

medium completely opaque to the probe laser and was observed to con¬ 

tinue for a time on the order of microseconds. 
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Figure 14. Temporal Evolution of Optical Gain and 
Absorption for a Mixture Containing Helium Buffer 
Gas with E-Beam Controlled Discharge Excitation. 
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Figure 15. Temporal Evolution of Optical Gain and 
Absorption for a Mixture Containing Neon Buffer Gas 
with E-Beam Controlled Discharge Excitation. 
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The final temporal gain study was made with 6 atm of Ar as the 

buffer gas and a mixture of 8 torr NF^, 10 torr F2, 10 torr Xe, and 

300 torr Kr. This combination produced the highest peak gain of those 

tried but still showed the strong, long-lived absorption in the period 

following the time of positive gain. This is illustrated in Fig. 16. 

For comparison, Fig. 17 shows the same conditions with e-beam only 

excitation in a shot taken immediately prior to that of Fig. 16 on the 

same gas fill. This comparison demonstrated clearly that some mechan¬ 

ism related to the discharge was responsible for this long-lived 

absorption. Furthermore, comparison of the peak gain values shows 

that some gain contribution was being made by the discharge energy. 

The nature of the mechanism responsible for the long-lived 

absorption was unknown. While it was believed to be an absorption 

phenomenon, the possibility of signal loss due to beam steering 

effects was considered. Based on the physical arrangement of the 

experimental apparatus, it was estimated that a gradient of 10 ^ cm ^ 

in the refractive index of the medium would have been sufficient to 

deflect the probe laser beyond the iris in use. Thus, such an effect 

could not be ruled out; however, in order to account for the observed 

absorption it would have been necessary for such a gradient to have 

been maintained for a time period on the order of tens of 

microseconds. 

A final study was made of the peak gain obtained as a function of 

Xe and F2 concentrations. Fig. 18 shows the results of peak gain 

measurements as a function of Xe pressure with 8 torr NF^, 10 torr F2, 
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Figure 16. Temporal Evolution of Optical Gain and 
Absorption for a Mixture Containing Argon Buffer 
Gas with E-Beam Controlled Discharge Excitation. 
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Figure 17. Temporal Evolution of Optical Gain and Absorption for 
a Mixture Containing Argon Buffer Gas with E-Beam Excitation Only. 
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Figure 18. Peak Gain as a Function of Xe Partial Pressure 
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300 torr Kr, and 6 atm Ar. Again we observed the broad peak in the 

vicinity of 22 to 24 torr Xe. Fixing Xe at 24 torr and varying 

resulted in the data of Fig. 19. A somewhat sharper peak was seen in 

this data in the vicinity of 10 torr. Both of these results were very 

much in agreement with earlier data. 
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Figure 19. Peak Gain as a Function of F2 Partial Pressure. 
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CHAPTER 5 

CONCLUSIONS 

5.1. RESULTS 

Observations gathered during this work supported the conclusion 

that significant energy was in fact being deposited into the medium by 

the discharge relative to that deposited by the e-beam. Based on an 

2 
e-beam current density of 50 A/cm , the active volume described in 

Chapter 3, and stopping power coefficients given by Berger and 

Seltzer[33], it was estimated that the energy deposited by the e-beam 

was on the order of 7.5 J/liter of active volume. Also, in similar 

fashion to the example of Section 2.4.1 it was estimated that the 

discharge energy deposited was 6 to 7 J/liter. The fact that this was 

a reasonable estimate was confirmed by comparison of the fluorescence 

intensity with and without discharge excitation which was usually a 

factor of 1.5 to 2.5 larger for the former. Furthermore, the gain 

studies showed that peak gain was larger with both e-beam and 

discharge excitation than with e-beam alone by about the same factor. 

Optical gain of more than 0.8% cm ^ was achieved for several gas 

mixtures. Using Ar as the buffer gas it was possible to achieve posi¬ 

tive gain for a duration approaching 40 ns with a peak gain of 

1.1% cm"^. The observation of considerable spectral narrowing and the 

measurement of gain exceeding cavity losses for a period comparable to 

the cavity ring-up time were evidence that lasing had been achieved. 

53 
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Even though the energy deposited by the discharge was thought to 

be comparable to that deposited by the e-beam, the performance of the 

laser was still found to be disappointing. An estimate of the output 

energy was approximately 1.0 /JJ 9 or a little more than 10 /zJ/liter. 

There were several possible reasons for this. The first was the 

appearance of long-term absorption which seemed to be much more seri¬ 

ous than in the pure e-beam case. This absorption, which appeared 

immediately after the period of positive gain, may in fact have over¬ 

lapped the positive gain thus limiting the maximum gain which could be 

achieved. Second, although the discharge energy deposited was compar¬ 

able to that from the e-beam, it would have been more desirable to 

operate with an enhancement ratio in the range from 3 to 10, rather 

than near unity. Moreover, the energy density deposited by the e-beam 

was a factor of four lower than in previous experiments due to the 

change in cathode length and less-than-optimum e-beam performance. 

Finally, the long length of the cavity in the cell presented a problem 

in that the ring-up time of the laser was nearly as long as the time 

of available gain. Of course, the length was a positive factor due to 

the low level of peak gain obtained. In view of this, a shortened 

cavity to reduce ring-up time would only have been useful if the 

increased energy density led directly to a comparable increase in 

gain. 

Mixed results were obtained from the portion of the experimental 

apparatus constructed to support the electric discharge. This circui¬ 

try was found to work consistently and reliably up to the 25 kV limi- 
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tation of the thyratron. Good rise times were observed in both the 

voltage and current waveforms of the discharge; however, it might have 

been necessary to improve the speed of the circuitry even further in 

order to obtain additional energy deposition from the capacitors. As 

was mentioned above, only about 0.5 J of the 9 or 10 J stored in the 

peaking capacitors was actually deposited in the laser medium due to 

the short time available during the e-beam ionization. This may have 

been due to the inductance present in the discharge loop. Reduction 

of the inductance in the main storage capacitor circuit might also 

have allowed more charge to be transferred to the peaking capacitors 

and subsequently to the discharge. Furthermore, the relative timing 

of the e-beam and discharge triggers was observed to be very impor¬ 

tant. Because of the critical nature of the timing, the unpredictable 

triggering behavior of the Pulserad 110 was often a handicap to 

obtaining good results. 

5.2. RECOMMENDATIONS FOR FUTURE WORK 

Perhaps the most important question raised in this work is the 

nature of the long-lived absorption which appeared in the discharge 

experiments. Clearly the introduction of the electric discharge 

altered the kinetic situation from that of the pure e-beam case. If 

this phenomenon is confirmed to be absorption and not signal loss from 

beam steering effects, it may have been an important factor which lim¬ 

ited the maximum gain which could be achieved. Identification of the 

species involved and actions to reduce the level of absorption should 

be the first priority in any continuing work. 
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In order to obtain performance comparable to that of e-beam only 

excitation, it will also be necessary to increase the energy density 

of the medium. Several alternatives are possible to improve the 

discharge enhancement ratio. Because of the short time available dur¬ 

ing which to deposit energy, reducing the inductance in the discharge 

loop would likely result in better performance of the system. Also, a 

higher charging voltage would be desirable in order to increase the 

di/dt which can be achieved. This could be improved somewhat by reduc¬ 

ing the rise time of the peaking capacitor charging, thus allowing the 

cell voltage to ring up above the DC charging level. However, the 

discharge voltage is limited in the current design by the DC hold-off 

voltage capability of the thyratron. A pulse charging network could 

improve the charging level to 35 kV, which the thyratron can withstand 

for a time on the order of one millisecond, at the expense of added 

complexity. Alternatively, a rail gap or spark gap switch could be 

substituted for the thyratron[34, 35, 36, 37]. However, both have 

disadvantages in that the former is costly and the latter is not suit¬ 

able for high repetition rates in the ultimate application of this 

work. The addition of more peaking capacitors would also be necessary 

if the performance of the circuit is improved so that a larger frac¬ 

tion of their stored energy can be deposited into the laser medium. 

An optimized cavity which would reduce ring-up time and increase 

energy density within the limits of discharge operation should also 

provide significant improvement. Further shortening of the optical 

resonator was not possible in the current cell due to the proximity of 
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the discharge cathode. However, in a redesigned laser a reduction in 

the cavity length would be desirable. 

Finally, development of this device into a practical unit will 

likely depend upon the development of an alternative preionization 

source. The 800 keV to 1 MeV electrons used for preionization in this 

work are an order of magnitude more than required for operation of the 

device. Furthermore, the electron beam generator, while useful for 

laboratory work, is bulky and impractical and difficult to operate 

with consistent timing. The development of a more compact and con¬ 

trollable source of preionization, for example a 100 keV X-ray source, 

would seem to be a necessary step for practical use of this laser[38]. 
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