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ABSTRACT
Results of experimental investigations into the possibility of a pulsed inductive cylindrical discharge as a new method of
pumping gas lasers operating at different transitions of atoms and molecules with different mechanisms of formation of
inversion population are presented. The excitation systems of a pulsed inductive cylindrical discharge (pulsed inductively
coupled plasma) in the gases are developed and experimentally investigated. For the first time five pulsed inductive lasers on
the different transitions of atoms and molecules are created. Characteristic feature of the emission of pulsed inductive lasers is
ring-shaped laser beam with low divergence and pulse-to-pulse instability is within 1%.

1.INTRODUCTION
The RF induction excitation of continuous-wave lasing was reported in [1-3]. Continuous-wave lasing on transitions in
atomic argon ions in the green spectral range under excitation by a longitudinal inductive RF discharge was obtained in
[1,2]. Lasing on vibrational-rotational transitions in CO2 molecules in a wavelength range of 10.6 µm in an expanding
nitrogen flow heated by an inductive discharge after the addition of cold CO2 to it was reported in [3]. In this work, a
method for exciting gas laser active media by a pulsed inductive cylindrical discharge is proposed and experimentally
implemented in order to obtain lasing on electron transitions in atoms and molecules and vibrational-rotational
transitions in molecules. It is important that the pulse repetition rate has to be several hertz or higher; i.e., all processes
of discharge formation, creation of population inversion, amplification, absorption, and quenching must occur during
each pulse irrespective of the past history of the preceding pulse. In contrast to conventional pulsed longitudinal and
transverse electric discharges, a pulsed inductive cylindrical discharge is formed due to the magnetic field induction
produced by the pumping system without any electrodes in the active medium. An appropriate choice of the tube
material may ensure the purity of the active medium and considerable endurance of lasers. The formation of such a
discharge is not accompanied by the appearance of cathode spots on the surface of the electrodes, which are responsible
for the instability and contraction of the discharge, deterioration of the homogeneity of the discharge, contamination of
the gas mixture, quenching of lasing, and limitation of the pulse repetition rate. The application of the pulsed inductive
discharge for excitation is a promising method for pumping not only gas lasers, but also metal vapor and solid state
lasers. In addition, this method can be used to produce the plasma for obtaining radiation (including induced radiation)
in any spectral range, especially that extending from 100 nm to THz, which is of considerable interest for
microelectronics, photolithography and biomedicine.

2.APPARATUS
In our measurements, the spontaneous emission spectra of the inductive discharge in gases and the lasing spectrum
were recorded with a Ocean Optics HR 2000 spectrometer, S-150 Solar LS spectrometer with a resolution of 0.66 nm in
the spectral range from 200 to 1100 nm and a SpectraPro-500 Acton Research Corp. spectrograph with a resolution of
0.025 nm in the spectral range from 180 to 700 nm with different photodiodes and photomultipliers. The output laser
energy was measured with a PE50-BB Ophir pyroelectric pulse energy meter (Ophir Optronics Ltd). The temporal
parameters of electric pulses were recorded with high-voltage P6015A probes and a 200-MHz TDS-2024 Tektronix
oscilloscope. The accuracy of measurements was 5%. The temporal parameters of optical pulses were recorded with a
PhEC-22 and PhC-15 coaxial photocells with a temporal resolution of 10-10 s and infrared photodetector. The spatial
distribution of the laser radiation intensity over the tube cross section and the light beam profile were analyzed by using
a WinCamD-UCM digital video camera (Data Ray Inc).
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3.EXPERIMENTAL
Setup In our experiments we used two excitation systems. The first one is shown in Figure 1. The excitation system
operated in the following The capacitor C1 =80 nF was charged from an ALE 152A Lambda EMI pulsed power supply
up to the voltage 20-27 kV of the positive polarity. When the voltage across capacitor C1 achieved the maximum, a
triggering pulse was fed to a high-voltage switch (TPI1-10k/50 thyratron). After the thyratron switched on, the
capacitor C1 began to discharge, a negative voltage appeared across charging choking-coil L1 , and energy was
transferred to capacitors C2 and C3 . Both capacitors were charged during the time 1.5-2.0 µs up to the breakdown
voltage of a spark gap. The capacitor C3 and the spark gap represented a lowinductive circuit in which the capacitor C3
began to discharge after the actuation of the spark gap slightly earlier than the capacitor C2 . During the discharge of
the latter, a time-varying electric current passed through the inductor L2 placed on Discharge Tube DT and creates
varying magnetic field around it, which induces azimuthally electric current in gases, leading to breakdown and
formation of a pulsed inductive discharge (pulsed inductively coupled plasma). This excitation system provided
comparatively efficient energy transfer from peaking capacitors C2 and C3 to the active medium [4]. However this
system contained nonlinear element L1 which reduced total scheme efficiency. Moreover additional self-triggered spark
gap SG has not allowed to achieve high pulse-to-pulse stability and to operate with high pulse repetition rate. To avoid
these problems a new excitation system was developed (Figure 2). This system was based on well known scheme of
Blumleintype. This excitation scheme had a very simple design and provided high stable operating conditions. Using
this systems, inductive lasers had high pulse-to-pulse stability: amplitude differences were not more than 0.5%
The ignition moment of the inductive discharge was determined by the appearance of spontaneous emission of gases in
the discharge tube. Under pressures below 1 Torr, inductive discharge filled the discharge tube completely, uniformly
and had high intensity. As the mixture pressure increased above several Torr the intensity of inductive discharge in the
center of the tube rapidly decreased. The discharge started to assume cylindrical form and concentrated near the inner
tube wall surface. According to our observations discharge thickness decreased as a function of pressure. It was found
in [4-8] that the output energy of the inductive lasers was proportional to the discharge tube diameter, i.e. the lasing
efficiency and output energy increased with increasing the tube diameter. Because of this, we used in our experiments a
ceramic discharge tube with maximal inner diameter we had (42 mm, external diameter was 50 mm). The tube was
sealed by means of plane-parallel windows of MgF2 or KCl oriented perpendicular to the tube axis.
formed by external plane dielectric mirrors. The rear dielectric mirror had the reflectance 99% in the selected spectral
region. The reflectance of the output mirror was optimized during experiments to obtain the maximum output energy.
Mirrors with reflectance from 8% to 93% were used. The inductor L2 consisted of separate sections representing
solenoids made of a cable wire of cross section 1.5-6 mm2 . The results presented in this paper were obtained by using
the inductor containing 30 sections, each of them consisting of four coils. The solenoids were connected in parallel, and
the total length (~ 68 cm) of the inductor determined the length of the active medium of the gas laser. Gases or its
mixtures were admitted from a gas system into the tube up to pressures 0.1-300 Torr. Gases flowed longitudinally
during experiments.

4.RESULTS
4.1 Red laser on the electronic transitions of atomic fluorine
In our first experiments to demonstrate the possibility of the creation of the pulsed inductive gas laser, we chose
transitions in neutral fluorine atoms which works by the excitation of the pulsed cylindrical inductive discharge in a
He:F2 (NF3 ) mixture, because the population inversion in these transitions is reached at comparatively low excitation
levels in a wide pressure range [9-13]. In this case, a high gain is achieved, which ensures super luminescence regime
in a low-Q resonator, and lasing takes place in the red spectral region and the transition from spontaneous emission to
the lasing mode is easily detected. In this work the developed laser on the electron excited transition of Fluorine (FI)
atoms pumped by a pulsed inductive cylindrical discharge is described. Lasing at 8 wavelengths in range of 624-755
nm is obtained by exciting He-F2 (NF3 ) gas mixtures in a pressure range from 20 to 300 Torr. The energy of laser
radiation depended from the ratio of the mixture components and total pressure. The optimal composition for our
pumping conditions was He:F2 (80:1) and total pressure 40-50 Torr. When F2 was replaced by NF3 , lasing was also
obtained, but with a lower intensity. For this reason, subsequent experiments were made on the He:F2 (80:1) mixtures.
Maximum energy of FI laser in these experiments was achieved 2.6 mJ at pulse power 30 kW and durations 80 ns. The
laser beam divergence was 0.4 mrad.
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Ultraviolet laser on the self-limiting electronic transitions of the N2 molecules The purpose of this part of paper is to
study the ability of the pulse periodic inductive cylindrical discharge to be a new method for pumping laser on selflimited electronic excited transitions of molecules and atoms (such as N2 , H2, He, metal vapor). The aim of this paper
is to show that a pulsed inductive discharge is an efficient alternative tool for exciting UV nitrogen lasers, offering a
number of advantages compared to transverse and longitudinal electric discharges. Experiments with the pulsed
inductive discharge in nitrogen showed that the pressure range in which the inductively coupled plasma can exist is
quite narrow, from 0.1 to 10 Torr. Visual observations with the use of different optical filters showed that the inductive
discharge was homogeneous in the entire pressure range. No sparks and streamers were observed in the inductive
discharge in pure nitrogen and its mixtures. At pressures 0.2-3.0 Torr, the two most intense lines were observed at
337.1 nm and 357.7 nm (0−0 band 0−1 band of C3 Πu →B3 Πg transition respectively). After the mounting of
dielectric mirrors and alignment of the optical resonator, we obtained UV lasing at these transitions of molecular
nitrogen excited by the pulsed inductive discharge in the pressure range from 0.3 to 3 Torr. The maximum of the lasing
efficiency was achieved at pressures 0.5-0.8 Torr.
the 337.1 nm line exceeded that of the 357.7 nm line more than by two orders of magnitude. It is interesting that
simultaneous lasing at these two lines in pure nitrogen at low pressures (1-2 Torr) was previously reported only in one
paper [14]. The maximum output energy 6 mJ is achieved for resonator with front mirror with R2 =60 %. The laser
pulse FWHM was 15 ± 1 ns. This corresponds to the laser pulse power of 500 kW. As the reflectance of the output
mirror was further increased, the output energy decreased. However, the laser pulse duration increased from 13 ± 1 ns
for R2 =16% to 18 ± 1 ns for R2 = 93 %. This is larger than in electric-discharge lasers, where the pulse duration does
not exceed 5−10 ns [15,16]. The duration of UV laser pulses (at the base level) in the dense resonator exceeded 35 ns. It
is important to note that such a high pulsed power was never achieved before in a nitrogen laser at low pressures 1
Torr. This result demonstrates the specific features of the operation of the inductive nitrogen laser such as its emission
spectrum containing many vibrational lines, which is obtained upon such excitation, and a long duration of pulses with
a comparatively flat leading edge (about 7 ns). According to our measurements, the pulseto-pulse instability of the
lasing amplitude was 0.5%. We performed experiments with the inductive nitrogen laser operating in the pulse periodic
regime. The pulse repetition rate was varied from 1 to 30 Hz. We found that the average output power increased
linearly with increasing pulse repetition rate. For the repetition rate of 30 Hz and output power of the nitrogen laser of
6 mJ, the average output power was 180 mW. The output energy of a single pulse was independent of the pulse
repetition rate because the active medium was cooled at the ceramic tube wall directly adjacent to the lasing region.
Near infrared laser on the electronic transitions of the H2 molecules.
There are several works on lasing on the electronic transitions in H2 molecules in near IR spectra region [17,18].
Lasing was observed on 7 lines. Maximum peak power 1.5 kW was obtained. In our experiments lasing on the
electronic transitions of H2 molecules in near IR spectra region with excitation by pulsed inductive discharge is
achieved. The generation is observed on 4 lines. The wavelength λ1 =0.835 µm (band (2,1) rotational line P(2), λ2
=0.89 µm (band (1,0) rotational line P(2), λ3 =1.116 µm (band (0,0) rotational line P(4), the λ4 =1.122 µm (band (0,0)
rotational line P(2) that corresponds to 2sσ1 Σ+ g (E) → (2ps)21Σ+ g (B) transition. Maximum of laser emission peak
power was at two lines: 7 kW for wavelength λ2 =0.89 µm and 5 kW for wavelength λ4 =1.122 µm, respectively. Peak
power of the lines λ1 =0.835 µm and λ3 =1.116 µm was much weaker. Pulse duration was 18-20 ns (FWHM). Laser is
working both on one wavelength and on two wavelengths simultaneously with competition between these transitions.
The active medium was hydrogen at optimal pressure 0.5-0.8 Torr.

5.CONCLUSION
A pulsed inductive cylindrical discharge as a new method of pumping gas lasers operating at different transitions of
atoms and molecules with different mechanisms of formation of inversion population is proposed and experimentally
realized. The excitation systems of a pulsed inductive cylindrical discharge (pulsed inductively coupled plasma) in the
gases are developed and experimentally investigated. For the first time five pulsed inductive lasers on the different
transitions of atoms and molecules were created. Characteristic feature of the emission of pulsed inductive lasers is
ring-shaped laser beam with low divergence and pulse-to-pulse instability is within 0.5%
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