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Abstract. Details are provided regarding the design, construction, and 
performance of a compact ( ""0.6-m2 footprint), single-channel surface 
discharge system and its application to optically pumping the XeF( C 
-+A) and iodine atomic lasers in the blue-green ( =480 nm) and near 
infrared (1.315 }LITI), respectively. The system has a gain (active) length 
of ""50 em, and triggering the discharge requires no high-voltage or 
high-current switches. Measurements of the velocity of the photodisso
ciation bleaching wave and the small-signal gain of the XeF(C-.A) sys
tem are described. At 488 nm, the gain coefficient r was found to be 
... 0.3% cm- 1 , a value comparable to those reported previously for sys
tems dissipating considerably higher power per unit length. Single-pulse 
energies >50 mJ from the XeF(C-.A) laser (-485 nm) and >0.7 Jon 
the 5p 2P112-+5p 2P312 transition of atomic iodine at 1.315 ,urn have been 
obtained with nonoptimized resonator output couplings (5% and 10%, 
respectively). The rate of erosion of the dielectric surface has been mea
sured to be ... 0.1 to 0.3 ¢Tl/shot for a glass ceramic dielectric, and the 
performance of two electrical configurations for the ballasting pins 
(feedthrough and V) is compared. c 2003 Society of Photo-Optic81 tnstrtJmenta
tion Engineers. [001: 10.111711.1624849] 

Subject terms: lasers; visible; optical pumping: surface discharge. 

Paper 030139 received Mar. 24, 2003; revised manuscript received Jun. 9, 2003; 
accepted for publication Jun. 10, 2003. 

1 Introduction 
The surface discharge, an electric discharge at the interface 
of a gas and a solid dielectric, was first reported by G. C. 
Lichtenberg in 1777. Over the past three decades, renewed 
interest in surface discharges has been driven by potential 
applications in materials processing, 1 surface cleaning, 2•3 

waste remediation, and optical pumping of lasers by 
photodissociation,4- 6 all of which require intense sources 
of ultraviolet (UV) or vacuum ultraviolet (VUV) radiation. 

Excitation of lasers by a surface discharge is particularly 
attractive because of the ability of the optical source to 
produce quasi-blackbody radiation having a characteristic 
temperature above 3 X l<f K and to do so with a relatively 
simple system amenable to repetitively pulsed operation. In 
1975, Beverly5 proposed pumping the iodine photodisso
ciation laser (5p 2P 112-+5p 2P312 ;A= 1.315 ~m) with a sur
face discharge and subsequently measured efficiencies ap
proaching 10% and 3% for the conversion of electrical 

*Present address: 662N 300W, Lebanon, IN 46052. 
tPresent address: Realized Technologies Inc., 1530 Barclay Blvd., Buffalo 
Grove, IL 60089. 

*Present address: National Center for Sueercomputing Applications 
(NCSA), University of Illinois, 605 E. Springfield, Champaign, lL 61820. 

'Present address: Melles Griot, 2605 Trade Center Avenue, Longmont, 
C080503. 

lpennanent address: P. N. Lebedev Physical Institute, Moscow, Russian 
Federation. 

power to optical radiation in the 250- to 290-nm and 170-
to 210-nm spectral regions, respectively.7 Studies have also 
shown surface discharges to be effective sources of extreme 
ultraviolet (XUV; hw-10 to 70 eV) photons,3 and charac
teristic radiation temperatures of ( 1 to 2) X 104 K are at
tainable for specific energy loadings of the plasma of l to 
4 J cm- 2 (Ref. 5). In 1979, Belotserkovets et al.8 demon
strated lasing from atomic iodine when the molecular pre
cursor, C3F7 I, was photolyzed by a surface discharge. 
Since that time, a variety of atomic and molecular lasers 
initiated or pumped entirely by a surface discharge have 
been demonstrated,4•9 but much of the effort has been di
rected toward the XeF photodissociation laser, 10•11 partly 
because of the breadth of the absorption spectrum of the 
parent molecule, XeF2 • The other factors providing impe
tus for the efforts on XeF are the two laser transitions that 
are available (B-+X and C-+A) as well as the large satu
ration intensity of the C-+ A band in particular. 12 The latter, 
-400 kW cm- 2, is a direct reflection of both the C-A 
stimulated emission cross section (-9x 10- 18 cm2) and 
the e-state radiative lifetime (93±5 ns). 13 

In a series of papers published between 1984 and the 
early 1990s (Refs. 14 to 17), Kashnikov, Zuev and co
workers reported the characteristics of a sequence of 
surface-discharge-pumped XeF laser systems producing as 
much as 174 J on the B-+ X transition of the molecule in 
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the UV at 351 nm and up to 117 J in the blue-green ( C 
-+A transition, ). .... 485 nm). Consisting of individual dis
charge sections, each typically 8 to 12 em in length and 
having a dedicated capacitor and high-voltage switch, these 
optical sources had active lengths ranging from 70 to 190 
em. The first system, reported by Kashnikov et al., 14 com
prised eight discharge sections in a single-channel design 
and yielded a brightness temperature of = 3 X 104 K. By 
increasing the gain length to 190 em ( 16 discharge sec
tions), raising the number of discharge channels to three, 
and with careful attention given to the current rise time and 
the purity of the XeF2 vapor, the Russian group subse
quently produced single-pulse energies that are, to this day, 
unsurpassed for a primary coherent source in the visible. 17 

Despite the impressive characteristics of these lasers, in
cluding the ability to operate at a pulse repetition frequency 
of 1 Hz, the system was quite large, and the dedication of a 
capacitor and high current switch to each discharge section 
introduced significant timing jitter ( <0.25 JJ-S). Further
more, in low-impedance circuits of this type, switches con
sume substantial energies and adversely affect the complex
ity and lifetime of the system. 

In the mid-1990s, we reported the design and prelimi
nary operation of a compact surface discharge system that 
successfully pumF.: the XeF(C-+A) and iodine photodis
sociation Iasers.1 •19 A more detailed account of the design 
and operation of this system and an alternative structure for 
the surface discharge ignition electrodes are presented here. 
Having an active length of '"'"50 em, this surface discharge 
system requires no high-voltage (or high-current) switches, 
which has the beneficial result of lowering the firing jitter 
as well as the equivalent series inductance for the system. 
Careful attention given to the design and layout of the de
vice and the power generator has resulted in a rugged sys
tem having a compact footprint ( .... 0.6 m2) and an overall 
size comparable to that of a commercial excimer laser. The 
small-signal gain on the C-+ A transition of XeF has been 
measured to be 0.3% em- 1 at 488 nm, a value virtually 
identical to those reported for surface discharge systems of 
considerably higher power loadings. 

This paper is organized as follows. Section 2 describes 
in detail the design of the electrical system and laser head 
for the device. Two approaches to igniting the surface dis
charge, surface feedthrough (in-line) and V configurations, 
are presented and compared. The experimental results on 
the XeF(C-+A), XeF(B-+X), and atomic iodine (1.315 
JJ-m) lasers are discussed in Sec. 3, and Sec. 4 summarizes 
the conclusions of this study. 

2 Surface Discharge System: Design and 
Performance 

2.1 Background 
Previous designs of surface discharge systems can be 
broadly classified into two groups. The first are those in 
which the discharge occurs on a dielectric surface such as 
polyethylene, Teflon, or a ceramic9•14- 17 and the distanced 
between consecutive electrodes ranges from several centi
meters to beyond 10 em. The practical upper limit on the 
discharge gap is dictated by the breakdown voltage for a 
given surface and the spatial instability of the discharge, 

Fig. 1 Schematic diagram of the feedthrough (in-line) electrical con
figuration for igniting and sustaining a surface discharge. The Mo 
pins are ballasted capacitively and resistively, and the charging volt
age is typically 30 kV. The dielectric surfaces explored to date are 
machinable glass ceramic, BN, and Al20 3 and SiC-coated surfaces. 

which rises dramatically with increasing d. If no accommo
dations are made for triggering the discharge or preionizing 
the gap, charging voltages of ;;::: 15-30 kV are required, 
even for small gaps (d=2-3 em), to obtain an adequate 
radiation temperature. Systems with long gain lengths, such 
as the devices of Refs. 14 -17, having active lengths of 
0. 7-1.9 m, rely on discharge sections operated in tandem. 
Each section, typically 8-12 em in length, requires lO kV 
when the entire discharge is triggered by a 50-kV pulse 
applied to a cable lying beneath the dielectric surface. The 
device of Ref. 16, for example, had a gain length of 1.9 m 
as a result of 16 individual discharge sections, each 12 em 
in length. 

The second general category of devices relies on dis
charges produced on the surface of ferrite rods or slabs. 
Producing a stable, intense surface discharge with these 
materials requires forming a channel in the ferrite, either by 
exploding a wire on its surface20 or by micrornachining a 
narrow channel (""' 150 JJ-m) by laser ablation. 21 Such de
vices typically involve rods tens of centimeters in length 
(76 em in Ref. 20) and driven by a capacitor charged to 40 
to 50 kV. To summarize, realizing in a surface discharge 
system the gain lengths normally required for high-power 
laser operation (tens of centimeters} requires a means for 
spatially confining the discharge. Long path lengths can be 
obtained with ferrites once a channel has been established 
on the surface, or shorter discharge sections ( ... 10 em) can 
be combined in tandem to yield active lengths beyond 1 

20-24 m. 

2.2 Electrical Design: Power Generator and 
Discharge Ignition Configurations 

The approach adopted for the experiments reported here 
offers a novel and robust scheme for establishing surface 
discharges over paths of arbitrary length and to do so with
out the need to switch each section independently. In fact, 
no high-current or high-voltage switches are used at all. 
Rather, the discharge functions as its own switch. 

A schematic diagram of the first electrode configuration 
investigated is shown in Fig. 1. The key elements of this 
surface discharge device are: a ceramic substrate that runs 
parallel to the discharge axis, a main electrode at each end, 
and a series of intermediate electrodes between the main 
electrodes which divide the discharge path into segments. 
The critical feature of this design is the latter-a series of 
resistively and capacitively-ballasted molybdenum pins, 
which serve to both establish and stabilize the surface dis-
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Fig. 2 Oscillogram of the surface discharge current for a charging 
voltage of =30 kV. The horizontal (temporal) scale is 2 ,u.s/div, and 
the vertical scale is 20 kA/div. 

charge. All of the pins in the linear array were isolated from 
de ground by a !0-MO resistor and a 450-pF doorknob 
capacitor. For the first pin (trigger electrode), however, the 
capacitor was connected in series with the secondary of an 
air-core autotransformer, to which the trigger pulse was ap
plied. The separation between the pins in the array, except 
that between the high-voltage (HV) and trigger electrodes 
was set at 12.7 mm (1/2 in.) to ensure that breakdown be
tween two adjacent pins occurred at or below 30 kV when 
the gas pressure in the laser chamber was I atm. The gap 
between the HV electrode (left side, Fig. l) and the trigger 
electrode was set to 28 mm (designed to hold off 30 kV). 
Consequently. when the full supply voltage was impressed 
across the entire array (HV electrode to ground), break
down does not occur in the absence of a trigger pulse. 
However, when a - 15 to - 18-k V trigger pulse is applied 
to the transformer primary, the voltage appearing on the 
firl't pin (trigger electrode) is -50 kV, and breakdown oc
curs in the HV-electrode-trigger-electrode gap. As current 
begins to flow in this gap, the voltage at the trigger elec
trode rises rapidly to a value slightly above 30 k V, owing to 
peaking effects. Since the second pin in the array is still at 
ground potential, the gap between the trigger electrode (pin 
I) and pin 2 now self-breaks. The remaining gaps in the 
array follow in quick succession, and within 5 J.LS of the 
application of the trigger pulse. a surface discharge is es
tablished along the entire length of the array. A major ad
vantage of this design is that the individual gaps are not 
triggered independently and, consequently, the firing jitter 
(with respect to the command trigger) is low. Furthermore. 
although negative trigger pulses were normally employed 
in the experiments described here, the use of an autotrans
former reduces the sensitivity of the system to the polarity 
of the trigger (because of ringing in the secondary of the 
transformer), resulting i.n improved reliability and stability. 

Little of the energy stored in the capacitor bank (5.6 J-tF 
cf. Fig. l) is expended in forming the discharge, but the 
establishment of the surface discharge presents a low
impedance path to ground. It is at this point that C 0 delivers 
virtually all of its stored energy to the discharge, resulting 
in rapid heating of the plasma and the generation of intense 
blackbody radiation. It should be mentioned that once the 
discharge is established, negligible current flows through 
the ballasting pins, which are etfectively decoupled from 
ground. 

Figure 2 is an oscillogram of the discharge current. ob
tained with I atm of air in the laser head and a machinable 
glass ceramic (MACOR) serving as the dielectric. The 

3614 Optical Engineering. Vol. 42 No. 12, December 2003 

Fig. 3 Photograph of the surface discharge. The path length is 
48.5 em. 

waveform, recorded by a modified Rogowski coil for a 
charging voltage on the capacitor bank of 30 kV, is repre
sentative of those observed throughout these experiments 
and shows that the current reaches its peak value of 
"""46 kA in =4 J.LS. The maximum current observed to date 
is >50 kA. Notice that the current waveform is essentially 
critically damped. indicating that the impedance of the ca
pacitor bank nearly matches that of the surface discharge. 
This is a result of efforts from the earliest designs t<} mini
mize the inductance of the power generator and laser head. 
Consequently, > 80% of the 2.5 kJ stored in the capacitor 
bank (for \-'= 30 kV) is deposited in the surface discharge 
in the first half cycle of the current waveform. For a power 
pulse having a temporal width of 5 J.LS (FWHM). this en
ergy dissipation corresponds to a power deposition per unit 
length of discharge of ""'8 MW em-· 1 • 

The low overall inductance of the capacitor bank and 
electrical connections to the HV and ground electrodes 
manifested itself in an unusual way during the testing of 
this system. Early versions of the laser employed standard 
wire to connect the ballast circuitry to the intermediate 
electrodes. To facilitate the rapid assembly of the laser 
head, the wire was later replaced by short springs, but ex
perience showed that it was necessary to carefully limit the 
number of turns in the coils. Otherwise, the inductive volt
age drop produced across the spring resulted in arcing and 
severe damage to the coil and associated components. 

Although the primary purpose of the Mo pins is to en
able the rapid formation of a surface discharge over a path 
of arbitrary length with a moderate voltage. the pin an-ay 
also serves to confine the discharge, thereby improving the 
shot-to-shot reproducibility with respect to previous surface 
discharge devices. Figure 3 is a photograph of the surface 
discharge viewed normal to the surface. Minor deviations 
from a straight path are evident, and the overall length of 
the surface discharge is 48.5 em. 

2.3 Laser Head: In-Line and V Configurations 

Side, frontal, and end-on views of the laser head with the 
in-line ballast pin array configuration described in the last 
section are illustrated schematically in Fig. 4. Each Mo pin 
was inserted into a cylindrical hole in the dielectric material 
and was mounted so that its tip was flush with the surface 
of the dielectric. For most of the experiments reported here. 
MACOR machinable ceramic served as the dielectric ma
terial, but preliminary tests with pyrolytic boron nitride. 
alumina, and SiC-coated surfaces were also conducted. Be
cause of its chemical stability in the presence of fluorine, 
Kynar® was the material from which the laser head was 
machined. The lower plate (not shown in Fig. 4) sealing the 
laser head was fabricated from a polycarbonate or alumi
num. As noted earlier. both the main electrodes and the 
intermediate (pin) electrodes enter the laser head through 
the top and traverse the ceramic dielectric. The seal around 
the main electrodes consisted of a Kynar fitting having a 
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