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The article presents the results of experimental studies of the energy, temporal, and spatial characteristics of the

Penning neon laser generation (λ = 585.3 nm) pumped by a pulsed inductive longitudinal discharge. A Ne−H2 gas

mixture was used as an active medium. The maximum generation energy of 0.14 mJ was obtained in a Ne : H2 —
1 : 2 mixture. The radiation power reached 700 W with an optical generation pulse duration of 200 ns (FWHM).
The laser beam had a cross-sectional shape close to a circle with a divergence of no more than 2 mrad. Based on

the analysis of the amplitude-temporal characteristics of laser generation and inductive discharge current pulses, it

is assumed that laser generation at a wavelength of 585.3 nm in a pulsed inductive longitudinal discharge occurs

as a result of population of the upper laser level by electron impact, with Penning depopulation of the lower laser

level by hydrogen molecules.
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Introduction

Currently, laser radiation in the yellow region of the

spectrum (550−590 nm) has many applications in biology

and medicine, in particular, in ophthalmology [1]. Among

its advantages are: an increased response during irradiation

compared to the well-known lasers with the wavelengths

of 532 and 633 nm [2–5], low scattering of the laser

beam when passing through the refractive media of the eye,

high exposure efficiency during coagulation of vascularized

structures, lower pain, and etc. [6]. The effectiveness and

safety of yellow lasers have been demonstrated in the

treatment of a wide range of diseases, such as macular

edema, post-thrombotic retinopathy, and central serous

chorioretinopathy [7]. Commercial yellow lasers that exist

today are mainly represented by optically pumped semicon-

ductor lasers and dye-based lasers. The main drawbacks of

these medical devices in the first case include low pulse

power (no more than 2W) and the inability to receive

pulses shorter than 1µs. When using dye lasers, it becomes

necessary to replace the dye frequently due to its burnout.

Other medical devices used in this spectral region are based

on copper vapor lasers. They have high values of both pulse

and average power (about 10W), however, they differ in

rather large overall dimensions, high power consumption

and low operating life (about 400−500 h) [8]. Thus, the

issue of searching for alternative laser sources in the yellow

region of the spectrum remains relevant. A pulsed inductive

neon laser with radiation at a wavelength of 585.3 nm may

be proposed as such a laser source.

A yellow-line neon laser with a wavelength

of 585.3 nm corresponding to the transition of

Ne I 3p2[1/2]0 → 3s2[1/2]o1 atoms is one of the most

well-known Penning recombination lasers in which

hydrogen or other additives serve as a quenching particle

(e.g., NF3). The active medium of a plasma neon laser

was intensively studied in the 80s and 90s. [9–12]XX. Both
traditional longitudinal and transverse electric discharge

and other methods, for example, an electron beam, were

used to excite it [13,14]. In an electric discharge, the

generation energy did not exceed 0.15mJ [15] with optical

pulse durations from units of nanoseconds to units of

microseconds [15,16]. The pulse power of such laser

systems, as a rule, was about tens of watts. The highest

value was obtained in the study [16] and reached 1.1 kW.

Probably, such energy characteristics caused a decline

in interest in this active medium at that time. However,

modern yellow lasers, used, for example, in micro-pulse

trabeculoretraction, ensure exactly these laser generation

parameters when acting on the internal tissues of the eye.

Accordingly, as described above, a yellow neon laser may

be considered as an alternative radiation source for medical

applications.

Earlier in the work [17], we demonstrated the possibility

of obtaining laser generation in the active neon medium

with a wavelength of 585.3 nm when Ne−H2 mixture is

excited with a pulsed inductive cylindrical discharge. The

system of generating a pulsed inductive discharge provided

a high specific pumping power, however, it included an

uncontrolled spark gap, which complicated the laser design

and affected stability and service life. Consequently,
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these drawbacks, combined with current trends aimed at

miniaturizing laser sources, make it more preferable to

use a longitudinal inductive discharge. Another pivotal

issue is the recombination nature of neon laser generation

with a wavelength of 585.3 nm, which makes it possible

to use simpler systems for generating the pulsed inductive

discharge based on a single switch in the form of a highly

stable thyratron. The inductive discharge itself is formed as a

result of electromagnetic induction in the absence of metal

electrodes in an active medium. This advantage makes it

possible to eliminate the typical drawbacks of conventional

methods of pumping with longitudinal or transverse volume

high-current electric discharge associated with spraying of

material of the metal electrodes. Thus, the combination of

absence of electrodes in the inductive discharge and the

inertia of the active medium of the neon laser in the future

will make it possible to create relatively simple laser sources

from the engineering standpoint featuring high stability and

a long service life. In this regard, the purpose of this work

was to create a yellow spectrum neon laser with pumping

by pulsed inductive longitudinal discharge.

1. Experimental setup

For the research, a system for generating a pulsed induc-

tive discharge was used, made similar to a LC-inverter cir-

cuit (Fig. 1). This circuit consisted of a set of parallel-

connected capacitors with capacitances C1 and C2, which

were charged from a Lambda EMI switching power supply

ALE-152A to a preset voltage Uch. After they have

been charged the switch THY initiating the oscillating

process in THY-L-C1 and THY-La -L-C2 loops of the high-

voltage circuit. Due to the difference in oscillation periods

determined by the capacitive and inductive parameters of

the electrical circuit, an operating mode was achieved in

adjacent circuits where the voltage across the inductor had

maximum values, exceeding the charge voltage by 1.5−1.7

times. A 300mm long DT tube was used as an inductive

laser emitter, having a working area with an internal

diameter of the optical zone of about 8 mm and a bypass

channel with a diameter of 20mm, respectively.

An antenna-type inductor L was placed on the tube,

made of four stranded wires PV6-Z with a cross section

of 10mm2. The laser resonator consisted of a dense

mirror M1 with an aluminum coating (R > 90%) and a

dielectric mirror M2 with R ∼ 35% at a wavelength of

λ = 585 nm. Charge voltage Uch in the experiments varied

within 26−29 kV. The pulse repetition rate, depending on

the pumping conditions, ranged from 1 to 100Hz.

The spectral characteristics of spontaneous and laser

radiation from a pulsed inductive longitudinal discharge

in mixtures of neon with other gases were studied using

spectrometer S-150 from Solar Laser Systems. The time

characteristics of the generation pulses were studied using

coaxial photocell FEK-15 with a time resolution of about

0.5 ns and photodiode FD-24K. The electrical pulses of

L

Ush

Uch

C1

C2

THY

M1

M2

La

ab

DT

Figure 1. Electrical diagram of the Penning inductive neon laser

pumping system. C1 = C2 = 97.2 nF, DT — discharge tube, La —
inductor-antenna, L — inductance of buses and switch, THY —
thyratron of TPI1-10k/50 series, Uch = charging voltage 26−29 kV,

M1 and M2 — resonator mirrors, a and b — location of Rogovsky

belt during calibration and major measurements, respectively,

Ush — signal from the resistive current shunt.

the excitation system were recorded using high-voltage

sensors Printek ACA-6039, a current resistive shunt and

Rogovsky belt, the signals from which were sent to the

digital storage oscilloscope Rigol MSO5354 with a 350

MHz band. Rogovsky belt was calibrated using the resistive

shunt. To do this, the belt was placed on the tube so as to

cover the plasma coil with the inductor (point a in Fig. 1),
and at pressure of about 1 atm, when there was no inductive

discharge, the signal was recorded from the resistive sensor

and the Rogogvsky belt simultaneously. Next, the belt was

placed on the bypass channel in the area where the inductor

was attached to the circuit (point b in Fig. 1), in order to

remove the effect of the current through the inductor on the

recorded signal and reduce the magnitude of the induced

EMF. The energy characteristics of the generation were

recorded using Ophir StarBright display with the measuring

head Newport 919E -0.1-12- 25K. The spatial characteristics

of the laser beam were studied using a digital camera Ophir

Spiricon L11059.

2. Results and discussion

Experimental studies of the spectral characteristics of

neon radiation when pumped by pulsed inductive longi-

tudinal discharge have shown that laser generation at a

wavelength of 585.3 nm occurs only in the presence of

molecular hydrogen. The use of other additives in the form

of gases such as NF3 and SF6 in two-component mixtures

with neon under these pumping conditions led to a decrease

in generation energy or its complete disappearance, as well

as a redistribution of excitation energy between a whole

set of the low-intensity lines in the visible region of the

spectrum. In this regard, two-component gas mixtures
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Ne−H2 were used as the active medium at different ratios

and partial pressures. Figure 2 shows the dependence of the

generation energy and optimal pressure of a yellow neon

laser on the percentage of neon in the active mixtures used

at a pulse repetition rate of 1Hz.

Maximal generation energy about 0.14mJ was obtained

at a ratio of Ne :H2 — 1 : 2. The duration of the optical

radiation pulses reached about 200 ns (FWHM), which

corresponded to a pulse power of 700W. The obtained

generation characteristics turned out to be almost equal to

the maximum results achieved when neon was excited by

an electric discharge, and can subsequently be improved

by further optimizing the excitation conditions. Fig. 2 also

shows the dependence of optimal pressure of the mixture

on the ratio of Ne : H2. Higher content of hydrogen in the

mixture resulted in decrease of optimal pressure from 25

to 10 Torr at ratios Ne : H2 — 1 : 1 and Ne : H2 — 1 : 3

respectively. In the optimal composition Ne : H2 — 1 : 2

laser generation was observed in the pressure range from 10

to 22 Torr with maximal radiation energy of 0.14mJ at a

pressure Popt of about 17.5 Torr. Visual observations showed

that the inductive discharge was steadily ignited up to the

pressure of the active medium at 30 Torr.

Fig. 3 illustrates the oscillograms of optical pulses of neon

laser radiation (λ = 585.3 nm) at various pressures of the

optimal gas mixture Ne : H2 — 1 : 2. The shape of the optical

pulses W depended on pressure and, as a rule, consisted of

several peaks of varying intensity, the ratio of the amplitudes

of which varied from pulse to pulse. At the same time, the

most powerful pulses consisted of one pronounced peak,

while the intensities of the other peaks were negligible.

At the same time, near the base, the generation pulses,

regardless of the number of pronounced peaks, had almost

the same duration of about 1 µs. In all cases, the generation

pulse occurred near the maximum of the inductive discharge

current. Moreover, if the optical pulse consisted of several

peaks, the moments of their appearance also coincided with

the maxima of the current I or its derivative dI
dt
.

In more detail, studies of the temporal behavior of

spontaneous and laser radiation were carried out in the
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Figure 2. Generation energy and optimal pressure of a Penning

inductive neon laser versus percentage of neon in Ne−H2 mixture

at a pulse repetition rate of 1Hz.
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Figure 3. Voltage oscillograms on the inductor U , inductive

discharge current I and optical pulses of spontaneous and laser

radiation of Ne : H2 mixture — 1 : 2 in the pulsed inductive

discharge W : a — at optimal pressure 17.5 Torr; b — at low

(14−15 Torr) pressure.

pressure range from fractions of Torr to the upper limit of

the inductive discharge burning (Fig. 4). At low pressures,

less than 1 Torr, the inductive discharge was ignited during

the first half-cycle of voltage fluctuations across the inductor.

There was a fairly high stability of inductive discharge

ignition (at approximately the same time). No laser

generation was observed in the mixture at such pressure

level. A pulse of spontaneous radiation was recorded from

the moment the inductive discharge was ignited, however, its

greatest intensity was reached after the discharge had been

quenched, then, the intensity declined drastically, ending in

a low-intensity afterglow.

When the pressure increased to 8−10 Torr, a delay in

the ignition of the inductive discharge became noticeable

relative to the moment when the high-voltage switch THY

was triggered and the oscillatory process in the inductor

began: the inductive discharge began to ignite not on the

first half-cycle, but on the second or third one. This may

probably be due to the fact that the voltage across the

inductor is no longer sufficient to cause a gas breakdown

during the first half-cycle, yet a partial ionization of the gas

mixture occurs, which subsequently acts as a preliminary

ionization forming the initial conductivity. A weak peak of

laser generation at a wavelength of 585 nm is noticeable at

the leading edge of the spontaneous radiation pulse. Just

as at lower pressures, the greatest intensity of spontaneous

radiation was achieved by the time the inductive discharge

had ben quenched, however, at such pressures it is
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Figure 4. Pulses oscillograms: voltages on the inductor U , current

of inductive discharge I and spontaneous and laser radiation W

at various levels of pressure P of Ne : H2 mixture — 1 : 2.

noticeable that during the direct ignition of the discharge,

the intensity of spontaneous radiation was already noticeably

lower.

Maximal generation energy at a wavelength of 585.3 nm

was recorded at pressure of 17−18 Torr. In these conditions,

the inductive discharge was ignited already in the third

period of voltage fluctuations on the inductor, and the

instability of the ignition led to the fact that the inductive

discharge could ignite both at the beginning of the third

period and at its the end. Just as at lower pressures,

the generation pulse was observed at the leading edge of

the optical pulse, while the main part of the spontaneous

radiation pulse was observed already in the afterglow.

A further increase in pressure led to a break in generation.

The inductive discharge was ignited after a significant

delay and several voltage fluctuations on the inductor.

Spontaneous radiation was recorded mainly during the

discharge afterglow.

As noted above, the generation pulses were formed

near the maximum of the inductive discharge current I

or its derivative dI
dt

in the case of complex shaped pulses

consisting of several peaks. In addition, in these pumping

conditions, a modulation of the amplitude of spontaneous

radiation optical pulses was also observed, corresponding to

a doubled frequency of oscillations of the inductor voltage

(and the inductive discharge current), and a temporary shift

of the peaks of the optical pulses oscillations relative to the

peaks of the inductor voltage and the inductive discharge

current. Such amplitude-time behavior of spontaneous

radiation may be associated with changes in the temperature

of electrons caused by their participation in kinetic processes

with particles of the active medium. In paper [18],
theoretical studies of the inductive discharge ignition modes

at various operating (carrier) frequencies were carried out.

The authors have highlighted three basic modes — quasi-

steady-state, dynamic and high frequency modes differing

by the ratio of the carrier frequency ω = 2π f and specific

frequency parameters of the inductive discharge, such as νa

and νe . Parameter νa corresponds to the characteristic time

of the ions drift to the walls τa = ν−1
a , and the parameter νe

corresponds to the characteristic time of the electron energy

relaxation τe = ν−1
e . Thus, the quasi-steady-state mode

corresponds to the low-frequency case (ω < νa), when

the plasma density varies significantly during the period

of current oscillations, and the electric field and electron

temperature have a strongly nonlinear temporal behavior.

At high frequencies when (ω > νe), the electrons energy

distribution function (EEDF) and electrons temperature is

stable for a certain period and is determined by the electrical

field E = E0(1 + ω2/ν2
eff)

1/2, where E0 — electrical field

in DC plasma with similar geometry of the discharge gap

and gas pressure, and νeff — electrons collision effective

frequency. The intermediate case (νa < ω < νe) corre-

sponds to the so-called
”
dynamic mode“, where plasma

density varies slightly during the oscillation period, while

the electron temperature, ionization rate, and type of EEDF

can vary significantly during the period. An analysis of

calculation results carried out in this paper suggests that

in the frequency range 0.5−1MHz, corresponding to our

pumping conditions, a dynamic mode is realized, and

during the period of electric field oscillations, the electron

temperature can vary within 20%−30%, while, in general,

the concentration of electrons remains almost constant.

A similar pattern was outlined in [19], where maximum

electron temperatures in plasma of the inductive discharge

with ferromagnetic amplification was reached at the same

time when maximum values of the electric field strength

were reached, whereas minimum values were reached when

the electric field strength passed through zero. At the same

time, just as in [18], there was a delay in the position of

the electron temperature minima relative to zero value of

the electric field strength. This is due to the fact that the

electrons temperature fluctuations in plasma are caused by

the energy losses during elastic and inelastic collisions with

atoms of the plasma-forming gas, and relatively small field

Technical Physics, 2025, Vol. 70, No. 6



Neon laser with wavelength λ = 585.3 nm pumped by pulsed inductive longitudinal discharge 1057

1000200 800400 600

W
, 
a
. 
u
.

W
, 
a
. 
u
.

W
, 
a
. 
u
.

0

0

0

1

1

1

2

2

2

3

3

3

4

4

4

λ, nm

P ≅ 1 Torr

P = 17...18 Torr

P = 30 Torr

lasing
585.3 nm

Figure 5. Spectra of Ne−H2 mixture radiation — 1 : 2 in the pulsed inductive longitudinal discharge at various levels of pressure P

from 1 to 30Torr.

values are insufficient to compensate for the electron energy

losses; the electron temperature, accordingly, continues to

decline when the electric field strength passes through zero.

Thus, it can be stated that the observed temporal behavior

of spontaneous radiation generally reflects the processes

characteristic of inductively coupled plasma.

The spectrum of spontaneous radiation of Ne : H2 mix-

ture — 1 : 2 consisted of a large number of lines, mainly

in red and blue-ultraviolet regions of the spectrum (Fig. 5).
In the red region of the spectrum, the strongest lines were

attributed to 3p → 3s neon transitions. In the blue and

ultraviolet regions, the presence of lines related to 4p → 3s

transition of neon are seen, as well as several lines related

to 4d → 3p and 3p → 3s transitions of Ne+ ions. There

were also quite intense Balmer lines Hα , Hβ and Hγ in

the spectrum. With an increase in pressure from 1 Torr,

the spectral composition of spontaneous radiation practically

did not change, in fact, a gradual decrease in the intensity

of all lines was observed. At the same time, a decrease in

pressure below 1Torr led to occurrence of a fairly powerful

generation at a wavelength of 1114.3 nm, corresponding

to the transition 4s2[3/2]o1 → 3p2[5/2]2 of neon. The

generation energy on this line exceeded 0.01mJ, but its

duration could not be measured due to the insufficient

sensitivity of the devices in this spectral region. At a

pressure of less than 0.1 Torr on the red lines the neon

was generated with wavelengths of 630.4 nm and 650.6 nm,

respectively. Separate experiments are scheduled for a

more detailed study of generation in this area. It is worth

noting that laser generation in the red region on the above-

mentioned lines occurred only in the presence of additives,

while the addition of helium to pure neon or Ne−H2

mixture had the greatest effect. In a single-component neon

environment, laser generation did not occur on these lines

in this pumping system.

In addition to direct recording of laser and spontaneous

radiation of neon, the spontaneous radiation spectrum was

recorded from the side of a transparent capillary tube. In

these experiments (correction for probable absorption of

UV radiation by the tube material) in the active medium

of pure neon at optimal pressures 17−20 Torr the radiation

spectrum consisted mainly of red lines related to 3p → 3s

17 Technical Physics, 2025, Vol. 70, No. 6
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transitions of Ne. When hydrogen was added it resulted

in almost complete disappearance of these lines; when

the radiation was detected from the side, only the lines

belonging to the Balmer series were distinguishable in

the spectrum. The results obtained correlate with the

conclusions in paper [9], where the authors conclude that

hydrogen additives reduce the population not only of the

lower, but also of the upper laser level, while the appearance

of laser generation at a wavelength of 585.3 nm is possible

only with certain ratios of Ne−H2 mixture.

For classical longitudinal electric discharge and hol-

low cathode discharge, detailed studies of the mech-

anisms of population inversion formation at transition

3p2[1/2]0 → 3s2[1/2]o1 of neon were carried out, which are

described in paper [20]. Various modes of operation were

considered in this paper, mainly differing in the amplitude

and duration of the discharge current. At small (less than

1 µs) durations of the discharge current, laser generation

at a wavelength of 585.3 nm was observed mainly in

the afterglow, while at long durations and amplitudes of

the pumping current, laser generation could occur during

ignition of the discharge. In this case, the upper laser level

can be pumped by an electron impact. At the same time,

the appearance of laser generation in the afterglow during

neon excitation in the longitudinal electric discharge and

hollow cathode discharge occurs mainly due to pumping of

the upper laser level because of the triple recombination

of neon ions. The authors also established the selective

nature of the depopulation of the lower laser level due to

the Penning reaction in collisions of neon with hydrogen

molecules. In our case, theoretical studies and additional

experiments are scheduled for detailed studies of plasma

chemical reactions in the pulsed inductively coupled plasma.

Based on the experimental results already obtained, we can

assume that laser generation at a wavelength of 585.3 nm in

a pulsed inductive longitudinal discharge occurs as a result

of populating the upper laser level with an electron impact,

followed by Penning depopulation of the lower laser level

with hydrogen molecules.

In cross-section, the laser beam had a shape close

to circular (see yellow, Fig. 6) with a maximum in-

tensity in the central part, which makes it possible to

control the spatial characteristics of the beam by using

various types of resonators. The divergence was found

as θ = arctg((dL − d0)/L) (where L — distance from the

output mirror, dL — diameter of section at half maximum

for this distance L, d0 — diameter of section at half

maximum near the front mirror M1 (Fig. 1). The results

of the measurements carried out in this way showed that

the divergence is (2± 0.2)mrad.

Separate studies of laser operation in the repetitively-

pulsed mode were conducted. For the described pumping

system, with an increase in the pulse repetition rate to 10

Hz, maximum generation energy practically did not change

and remained at the level of 0.14mJ/imp. A further increase

in frequency led to a decrease in the generation energy, as

well as an increase in the instability of the inductive neon

Figure 6. Profile of Penning inductive neon laser beam

(λ = 585.3 nm) in cross-section.

laser, which may be due to overheating of the laser tube.

The negative effects of this factor were taken into account

when developing a similar high-voltage circuit (Fig. 1) with

the same inductive emitter and high-voltage switch, but

with reduced capacitances, which helped to diminish the

amount of stored energy. In these conditions, the generation

energy decreased to 1.5−2 µJ, but its value remained almost

unchanged up to the pulse repetition rate of 100Hz. Thus,

the subsequent optimization of the pumping conditions of

this laser system will lead to a possibility of creating small-

sized yellow lasers for practical applications.

Conclusion

As a result of research, the possibility of pumping the ac-

tive medium of a Penning neon laser with a pulsed inductive

longitudinal discharge was demonstrated. Laser generation

in the yellow region of the spectrum (λ = 585.3 nm) was

obtained in mixtures of neon and molecular hydrogen

at different ratios. It is assumed that the main mechanism for

the laser generation to occur at a wavelength of 585.3 nm

in a pulsed inductive longitudinal discharge is populating

the upper laser level with an electron impact followed by

Penning depopulation of the lower laser level by hydrogen

molecules. The generation energy reached a value of

0.14mJ with a radiation power of 700W with a duration

of optical pulses of 200 ns (FWHM), which corresponds to

the maximum results achieved in an electric discharge. The

laser beam in cross-section had a shape close to a circle,

with a divergence of no more than 2mrad. A repetitively-

pulsed mode of laser operation with an average power of

up to 0.2mW. has been implemented.

Technical Physics, 2025, Vol. 70, No. 6
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