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LASER SCIENCE

Zhang Ye
Belarusian State University, Minsk, Belarus

Laser science is a branch of optics that describes the theory and practice of
lasers.

Laser science is principally concerned with quantum electronics, laser
construction, optical cavity design, the physics of producing a population inversion in
laser media, and the temporal evolution of the light field in the laser. It is also
concerned with the physics of laser beam propagation, particularly the physics of
Gaussian beams, with laser applications, and with associated fields such as nonlinear
optics and quantum optics.

History

Laser science predates the invention of the laser itself. Albert Einstein created
the foundations for the laser and maser in 1917, via a paper in which he re-derived
Max Planck’s law of radiation using a formalism based on probability coefficients
(Einstein coefficients) for the absorption, spontaneous emission, and stimulated
emission of electromagnetic radiation. The existence of stimulated emission was
confirmed in 1928 by Rudolf W. Ladenburg. In 1939, Valentin A. Fabrikant
predicted the use of stimulated emission to amplify “short" waves; In 1947, Willis E.
Lamb and R. C. Retherford found apparent stimulated emission in hydrogen spectra
and effected the first demonstration of stimulated emission;[2] in 1950, Alfred
Kastler (Nobel Prize for Physics 1966) proposed the method of optical pumping,
experimentally confirmed, two years later, by Brossel, Kastler, and Winter.

The theoretical principles describing the operation of a microwave laser (a
maser) were first described by Nikolay Basov and Alexander Prokhorov at the All-
Union Conference on Radio Spectroscopy in May 1952. The first maser was built by
Charles H. Townes, James P. Gordon, and H. J. Zeiger in 1953. Townes, Basov and
Prokhorov were awarded the Nobel Prize in Physics in 1964 for their research in the
field of stimulated emission,.

The first working laser (a pulsed ruby laser) was demonstrated on May 16,
1960, by Theodore Maiman at the Hughes Research Laboratories.

Laser types

This is a list of laser types, their operational wavelengths, and their
applications. Thousands of kinds of laser are known, but most of them are used only
for specialised research.
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Gas lasers

Following the invention of the HeNe gas laser, many other gas discharges have
been found to amplify light coherently. Gas lasers using many different gases have
been built and used for many purposes. The helium-neon laser (HeNe) is able to
operate at a number of different wavelengths, however the vast majority are
engineered to lase at 633 nm; these relatively low cost but highly coherent lasers are
extremely common in optical research and educational laboratories. Commercial
carbon dioxide (CO2) lasers can emit many hundreds of watts in a single spatial
mode which can be concentrated into a tiny spot. This emission is in the thermal
infrared at 10.6 um; such lasers are regularly used in industry for cutting and
welding.

Solid-state lasers

Solid-state lasers use a crystalline or glass rod which is "doped" with ions that
provide the required energy states. For example, the first working laser was a ruby
laser, made from ruby (chromium-doped corundum). The population inversion is
actually maintained in the "dopant”, such as chromium or neodymium. These
materials are pumped optically using a shorter wavelength than the lasing
wavelength, often from a flashtube or from another laser.

Neodymium is a common "dopant" in various solid-state laser crystals,
including yttrium orthovanadate (Nd:YVO4), yttrium lithium fluoride (Nd:YLF) and
yttrium aluminium garnet (Nd:YAG). All these lasers can produce high powers in the
infrared spectrum at 1064 nm. They are used for cutting, welding and marking of
metals and other materials, and also in spectroscopy and for pumping dye lasers.

These lasers are also commonly frequency doubled, tripled or quadrupled, in
so-called "diode pumped solid state™ or DPSS lasers. Under second, third, or fourth
harmonic generation these produce 532 nm (green, visible), 355 nm and 266 nm
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(UV) beams. This is the technology behind the bright laser pointers particularly at
green (532 nm) and other short visible wavelengths.

Thermal limitations in solid-state lasers arise from unconverted pump power
that manifests itself as heat. This heat, when coupled with a high thermo-optic
coefficient (dn/dT) can give rise to thermal lensing as well as reduced quantum
efficiency. These types of issues can be overcome by another novel diode-pumped
solid-state laser, the diode-pumped thin disk laser. The thermal limitations in this
laser type are mitigated by using a laser medium geometry in which the thickness is
much smaller than the diameter of the pump beam. This allows for a more even
thermal gradient in the material. Thin disk lasers have been shown to produce up to
kilowatt levels of power.

Fiber lasers

Solid-state lasers or laser amplifiers where the light is guided due to the total
internal reflection in a single mode optical fiber are instead called fiber lasers.
Guiding of light allows extremely long gain regions providing good cooling
conditions; fibers have high surface area to volume ratio which allows efficient
cooling. In addition, the fiber's waveguiding properties tend to reduce thermal
distortion of the beam. Erbium and ytterbium ions are common active species in such
lasers.

Quite often, the fiber laser is designed as a double-clad fiber. This type of fiber
consists of a fiber core, an inner cladding and an outer cladding. The index of the
three concentric layers is chosen so that the fiber core acts as a single-mode fiber for
the laser emission while the outer cladding acts as a highly multimode core for the
pump laser. This lets the pump propagate a large amount of power into and through
the active inner core region, while still having a high numerical aperture (NA) to have
easy launching conditions.

Pump light can be used more efficiently by creating a fiber disk laser, or a
stack of such lasers.

Fiber lasers have a fundamental limit in that the intensity of the light in the
fiber cannot be so high that optical nonlinearities induced by the local electric field
strength can become dominant and prevent laser operation and/or lead to the material
destruction of the fiber. This effect is called photodarkening. In bulk laser materials,
the cooling is not so efficient, and it is difficult to separate the effects of
photodarkening from the thermal effects, but the experiments in fibers show that the
photodarkening can be attributed to the formation of long-living color centers.

Besides, there are still Chemical lasers, Excimer lasers, Photonic crystal lasers,
Semiconductor lasers, Dye lasers, Free-electron lasers, Exotic media and so on.

Uses

Lasers range in size from microscopic diode lasers (top) with numerous
applications, to football field sized neodymium glass lasers (bottom) used for inertial
confinement fusion, nuclear weaponsresearch and other high energy density physics
experiments.

When lasers were invented in 1960, they were called "a solution looking for a
problem". Since then, they have become ubiquitous, finding utility in thousands of
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highly varied applications in every section of modern society, including consumer
electronics, information technology, science, medicine, industry, law enforcement,
entertainment, and the military.

The first use of lasers in the daily lives of the general population was the

supermarket barcode scanner, introduced in 1974. Thelaserdisc player, introduced in
1978, was the first successful consumer product to include a laser but the compact
disc player was the first laser-equipped device to become common, beginning in 1982
followed shortly by laser printers.

Some other uses are:

Medicine: Bloodless surgery, laser healing, surgical treatment, kidney stone
treatment, eye treatment, dentistry

Industry: Cutting, welding, material heat treatment, marking parts, non-contact
measurement of parts

Military: Marking targets, guiding munitions, missile defence, electro-optical
countermeasures (EOCM), alternative to radar, blinding troops.

Law enforcement: used for latent fingerprint detection in the forensic
identification field

Research: Spectroscopy, laser ablation, laser annealing, laser scattering, laser
interferometry, LIDAR, laser capture microdissection, fluorescence
microscopy

Product development/commercial: laser printers, optical discs (e.g. CDs and
the like), barcode scanners, thermometers, laser pointers, holograms,
bubblegrams.

Laser lighting displays: Laser light shows

Cosmetic skin treatments: acne treatment, cellulite and striae reduction, and
hair removal.

In 2004, excluding diode lasers, approximately 131,000 lasers were sold with a

value of US$2.19 billion. In the same year, approximately 733 million diode lasers,
valued at $3.20 billion, were sold.

N
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BEJIOPYCCKOE OIITUKO-MEXAHUYECKOE OBBE/IMHEHUE
(BEJIOMO): UCTOPHUSA, COBPEMEHHOCTD, HAITPABJIEHHUE,
HEPCIIEKTHUBBI

A.Il. HlkanapeBuu
benOMO, 2. Munck, berapyco

benOMO Benet cBoro ucroputo ¢ 1957 rona. Bo Bpemena Coserckoro Coro3a
BXOAWJIO B coctaB MuHucrepctBa 00opoHHON npombinieHHoctn CCCP,
CHEIHATU3UPOBATIOCH B CIEAYIOIINUX HAMPABICHUAX ONTHYECKOTO MPUOOPOCTPOCHUS
s OOOpOHBI:  KOCcMHYecKas ©  adpodoroammapaTypa  Tomorpapuiyeckoro
Ha3HayeHUs; (OTOrpaMMETPUUECKAsi TEXHUKA; KUHOTEOIOJIUTHAS TEXHUKA;, ONTUKA U
JIa3epHBIC CUCTEMBbI YIPaBICHUSI OTHEM JIsi OpOHETAHKOBOW TEXHUKH; ONTHUYECKHUE
MIPULIETIBI U CUCTEMBI JJISI JIETKOTO BOOPYKEHUS.

B nacrosimiee Bpemss benOMO cocrout u3 S5-tu npeanpustuii u HaydHo-
TEXHUYECKOTO IIEHTPA, Ha KOTOPHIX pa00TAET CBHIIIE 8 THIC. YEIOBEK.

OcHOBHBIMH HampaBJeHUAMU AesiTeabHOCTH benOMO sBistitores:

— ONTHUYECKHUE MPUIIEIIBI U CUCTEMBI JJISI JIETKOTO BOOPYKEHHS, HOMEHKJIATypa
KOTOpbIX HacuuTbiBaeT Oosiee 100 Mojeneil M OXBaThIBa€T BCE H3BECTHBIC

TUIIBI COBPEMEHHBIX [PULIEIIOB;
— JIa3€pHBIC CUCTEMBI YIIPABJICHUSI OTHEM U MPOTUBOACHCTBUS,

— JIa3epPHO-ONTHUYCCKUE CHCTEMBI IS  KOMIUICKCOB  IPOTHBOBO3IYIIHOMN
000POHBI.
W3 OmmkadMxX MEepCIeKTHB CISAYeT OTMETHUTh OITHKO-3JICKTPOHHBIC
MPUOOPHI Pa3BEIKH JJIs OCCIUIOTHBIX JICTATCIIBHBIX alapaToB.
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INVITED PAPER

RECENT PROGRESS ON MAGNETIC AIDED OPTICAL POLISHING
OF CIOMP

Zheng Ligong™*
'Changchun Institute of Optics, Fine Mechanics and Physics (CIOMP), Chinese
Academy of Sciences, Changchun, Jilin, China
’Key Laboratory of Optical system advanced Manufacture Technologies Chinese
Academy of Sciences, Changchun, Jilin, China

Abstract: Sub-aperture polishing technologies, including CCOS (Computer
controlled Optical Surfacing), CCP (Computer controlled Polishing), MRF
(Magnetorheological Finishing), IBF (lon Beam Figuring) etc., are widely used for
aspheric optical surface polishing. Because magnetic aided optical polishing could
reach both high accuracy and low sub-surface damage, CIOMP cooperated with
Belarusian National Technical University (BNTU) and A.V. Luikov Heat and Mass
Transfer Institute of the National Academy of Sciences of Belarus (HMTI)
respectively to develop magnetic aided polishing technologies for aspheric optics
since 2008.

Key words: Magnetic Aided Polishing, Magnetorheological Finishing,
Magnetic-Medium Assistant Polishing, aspheric optics

1. Introduction

MRF technology was invented by Mr. William Kordonski, A.V. Luikov Heat
and Mass Transfer Institute of the National Academy of Sciences of Belarus in
1980s. Mr. Kordonski joined the Center of Optical Manufacture (COM), University
of Rochester and started to develop computer numeric controlled MRF machines in
1990s. After that, QED company was established in 1996 and developed commercial
MRF CNC machine successfully, and MRF technologies played an important role in
high precision aspheric and freeform optical manufacturing™?.

Prof. Mikalai Khomich, Belarusian national technical university, studied the
MAM (Magnetic-Medium Assistant) polishing technology from 1960s, and developed
prototype machine tools for metal grinding and polishing!®*. The property of its
removal spot is similar to that of MRF, so CIOMP decided to cooperate with BNTU
and studied whether MAM could be applied to optical polishing.

2. Progress on MAM technology

MAM polishes the optical parts with abrasive slurry applying to the joint area
between the magnetic medium brush and optical surface. By carefully designing, the
magnetic wheel could generate magnetic field as shown in Fig-1. Under the magnetic
field, the magnetic medium forms a brush that could contain the slurry and act on
optical surface as flexible polishing tool.

11



stainless steel crust /_,j:_\

\, Magnetic yoke

clapboard : Brush-Shaps Regulator
5 magnetic pole (S)
magnetic pole (N) = o
— |77
% 87 N shaft
i
1

—T

Magnetic: Medium- Brush.,

Magnetic Wheel,

Polishing- Liquid- with- abrasive.,

1t

Fig 1. MAM polishing device

The MAM removal function which is not circular symmetry was tested as
shown in Fig-2 and testing conditions in Table 1.

Table 1. Removal function testing conditions

Optical material: | Fused silica
Magnetic wheel: | ®60mm

Magnetic PF40/0
medium:
Slurry: CeO,

Fig 2. MAM Remove Function

As a deterministic fabrication, the stability of the MAM removal function is
very important for polishing, and it highly depends on the stability of the polishing
conditions including the slurry level, shape magnetic medium, magnetic wheel
rotating speed, and so on. The testing shows the stability of MAM removal function
Is better than 90 % within 1 hour (See fig-3).
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Fig 3. Stability of MAM Remove Function

In order to verify the determination of MAM polishing, a flat part was polished

by MAM, the conditions and results are below.

Table 2. Polishing Testing Conditions

Optical material: K7
Aperture of the part: | ®150mm
Thickness of the | 5mm

part:

Magnetic wheel: d60mm
Magnetic medium: PF40/0
Slurry: CeO,

0k
100 S0 &0 -0 A 0 20 40 & 8 100

(b) Tool Path

c)FItess d)Rohnss

Fig 4. MAM Computer Controlled Polishing test
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After three circling, the flatness error converged from RMS 0.190A to RMS
0.023A, and the roughness of the part was RMS 0.8nm, the result showed that MAM
technology is suitable for optical polishing.

3. Progress on MRF technology

MRF has been proved an effective method for optical finishing by QED. It
works by the magnetorheological property of the magnetic fluid under magnetic field
as shown in Fig-5.

Spindle
Lens Rotation L&hs

-
\ A / 4 ' Sweeps
\ Through

Suction \\ MR Fluid
N o
articl sy

Wheel .
Electromagnet 6@

—,Wheel“otat{onﬁ

Magnetic Field éradient/@
.//

Fig 5. The principle of MRF

Cooperating with HMTI, CIOMP developed the MRF machine and tested the
MRF removal function in Fig-6. In order to polishing large optics, the MRF is
vertical which ensures that the optical part is under the polishing wheel.

< wx

(a)MRF device (b)Im MRF CNC macine

Fig 6. MRF machine

The linearity and stability were tested as shown in Fig-7 and its testing
conditions in Table 3. The results show that the stability of its removal function is
better than 95 % within 2 hours, and the volume and PV of material removed is
almost linear to dwell time when rotating speed of the magnetic wheel is fixed. These
results ensure that the MRF machine and MR fluid developed by HMTI and CIOMP
are qualified for 1m level optical polishing.
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Table 3. Polishing Testing Conditions

Optical material: | Si

Magnetic wheel: | ®160mm
Wheel speed: 120 r/min
MREF fluid: Diamond

0.7
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(b)Stability of MRF removal function

Fig 7. MRF removal function

In order to verify the determination of MRF polishing of our machine, a flat Si
part was polished by MRF, the conditions and results are below.

Table 4. Polishing Test Conditions

Optical material: Silicon

Aperture of the part: | ®120mm
Magnetic wheel: d160mm
Wheel speed: 120r/min
MREF fluid: Diamond
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(a) Original Flatness (b) Tool Path

H +0.11940

(c)Flatness

Fig 8. MRF Computer Controlled Polishing test

In fig 8, just after one circling with spiral path, the flatness error converged
from RMS 0.072)\ to RMS 0.023A, and the convergence rate is above 60 % which is
almost the same value obtained by simulation. Also the roughness of the part was
RMS (<1nm). These results showed that MRF is a high determined polishing method
which is more suitable for optical polishing.

4. Conclusions

a) Both MAM and MRF are qualified for optical polishing.

b) Because the testing shows that the stability of MAM removal function decrease
sharply after 1 hour, the diameter of optical parts have to be limited within
300mm. For the MRF technologies, the stability of its removal function is
better than 95 % within 2 hour and 90 % within 4 hour respectively, the
diameter of optical parts could be more than 1m level, but larger area of the
removal function is needed.

c) Itis not easy to control the mid-spacial-frequency error when polish the optical
parts by MAM and MRF. The other methods have to be introduced into
polishing process to achieve better accuracy.
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The photodynamic method for therapy of malignant tumors is extensively used
all over the world. The photodynamic therapy (FDT) method is based on the
capability of photosensitizers to be accumulated in tumor tissues and to acquire the
marked cytotoxic properties due to optical activation. The photosensitizers are
represented mainly by the porphyrin-series compounds - derivatives of
hematoporphyrin and chlorine e6. Positive results have been obtained for PDT of
carcinoma cutaneum, malignant tumors of head and neck, bladder, bronchi, female
genital organs, metastatic cutis in the case of breast cancer, esophagus and stomach.

Further success of using the PDT method is associated with phototherapeutic
compounds of new generation which are characterized by a strong absorption of light
in the region of so-called phototherapeutic window from 700 to 900 nm, where light
scattering by the biological tissues is low and there is practically no light absorption
by such endogenic biomolecules as hemoglobin, melanin, and water. Because of this,
light penetrates deep into the tissues making it possible to use PDT in treatment of
both the surface and deep-lying tumors. The new-generation photosensitizers must be
accumulated predominantly within tumor tissues, be minimally toxic and rapidly
removable from the normal tissues to preclude the development of side effects due to
the prolonged phototoxicity. One of the groups of compounds representing the new-
generation phototherapeutic preparations is a group of the polymethine dyes showing
particular advantages over the porphyrin series compounds. The tricarbocyanine dyes
are characterized by the presence of the light absorption band with a high molar
absorption factor (>10° M™cm™) in the longer wavelength region (700-900 nm) as
compared to the porphyrin derivatives.

The development of the new-generation sensitizers for photochemotherapy was
based on studies of their most important parameter — ability of activation by optical
radiation with the wavelength corresponding to the transparency window of
biological tissues. For the majority of photosensitizers, damage of tumor cells on
PDT is dependent on the medium oxygenation. To attain the identical oxygen
consumption rates in the process of phototherapy, it is required to provide the same
numbers of the absorbed photons in unit time at every of the irradiation wavelengths
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used. This may be achieved by adequate selection of the power density for light
incident on a sample. As demonstrated by the obtained results, when numbers of the
absorbed photons in unit time is the same, efficiency of the photoactivated damage of
cancerous Hela cells is identical at all the three wavelengths. At the same time, the
data obtained for HeLa cells and in vivo reveal particular differences. Damage of the
tumor cells in vivo is growing thrice when the phototreatment wavelength is varying
over the range from 668 to 780 nm. Increase in depth of necrosis for the light source
with the wavelength 740 nm, compared to irradiation at 668 nm, is in line with the
increased light transmission by the tissues on going to the near IR spectral region. But
situation is different when compared with the wavelengths 740 and 780 nm.
Proceeding from the spectrum given in the literature for the photodissociation effect
of oxyhemoglobin, at the wavelength 780 nm the process efficiency is nearly twice as
that at 740 nm. Therefore, a difference in the tumor damage depth for sources with
different wavelengths is determined both by the difference in transmission of tissues
depending on the phototreatment wavelength and by differences in the
photodissociation efficiency of hemoglobin complexes in blood vessels. In this way
the photochemotherapeutic damage of tumor tissues is growing thrice when the
irradiation wavelength is varying from 668 to 780 nm. In the process of
phototreatment in vivo one can observe a growth of the half-width and a blue shift in
fluorescence spectra for tricarbocyanines in tumor tissues due to different
transmission of the tissues and growing of the local oxygen concentration.

To establish mechanisms of damage for the tumor cells, the spectral, Kinetic,
and photochemical properties of tricarbocyanine dyes have been studied on condition
that the ionic equilibrium is shifted to the increased portion of close contact pairs.
The studies have been conducted considering the fact that introduction of an
additional salt in low-polar solutions of polymethine dyes leads to the ionic
equilibrium shifted to the increased portion of contact ion pairs including the close
ones as well. In low-polar dichlorobenzene the introduction of tetrabutyl ammonium
chloride results in lowering of the fluorescence quantum efficiency and fluorescence
lifetime; besides, quantum efficiencies of photodestruction and of the singlet oxygen
formation are growing. The latter is indicative of a considerable increase of the
molecules passing to the triplet state upon addition of the salt. Thus, the introduction
of salt leads to significant changes of the photophysical and photochemical
characteristics of the dye due to the increased portion of close contact ion pairs. The
influence exerted by the increased portion of close contact ion pairs in a solution on
the free radical formation process has been investigated by examination of
nonstationary absorption spectra for tricarbocyanine in low-polar dichlorobenzene
and in dioxane. As demonstrated by the induced absorption spectrum for
tricarbocyanine dye upon addition of tetrabutyl ammonium chloride, the contribution
made by the additional band with A..x = 735 nm into the total spectrum of
nonstationary absorption is increased indicating a growth in the number of radicals.
In the process the salt addition is responsible for lowering of the dye’s fluorescence
quantum efficiency and lifetime in proportion correlating with a change in the
intensity of a new band.
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The formation of radicals may influence the patterns of the dye
photodestruction in deoxygenated solutions. As photodestruction of the dyes because
of self-sensibilized oxidation in deoxygenated solutions is excluded, with growing
numbers of radicals in such conditions, the probability of finding the results of
interaction between the dye molecules and these intermediates or products of
reactions with the solvent is greater.

Photodestruction of the dyes with different counter-ions in oxygenated
alcoholic solutions proceeds with identical quantum eficiencies independent of the
presence of the salt. In deoxygenated alcoholic solutions the dye photodestruction
guantum efficiency is decreased by more than an order of magnitude and is identical
(within the scope of definition) for thricarbocyanine dyes with different counter-ions,
being invariable upon the salt addition.

Also, deoxygenation in low-polar dichlorobenzene leads to lowering of the dye
photodestruction quantum efficiency by an order and more and, as distinct form
oxygenated solutions, the efficiency is invariable for the dyes with different counter-
ions. Note that for a tricarbocyanine dye with the counter-ion I- the quantum
efficiency of the singlet oxygen generation in low-polar solutions is by an order of
magnitude higher than that for a tricarbocyanine dye with the counter-ions ClO4- and
Br-. Therefore, identical values of the photodestruction quantum efficiencies in
deoxygenated solutions for dyes with different counter-ions point to the fact that
under these conditions a mechanism of the polymethine dye photodestruction is not
associated with transition of molecules to the triplet state.

Addition of salt results in a considerable (by a factor of 3.5) increase in the
guantum efficiency of the photoreaction of a tricarbocyanine dye with the counter-ion
Br in deoxygenated solutions of dichlorobenzene. As this takes place, addition of the
salt leads to the growing formation of radicals. Because of this, we can conclude that
the radical formation is a decisive factor for photodestruction of tricarbocyanine dyes
in deoxygenated solutions.

A change in the photophysical and photochemical characteristics of
tricarbocyanine dyes in low-polar solvents upon addition of tetrabutyl ammonium
bromide is caused by a greater portion of close contact ion pairs and by the formation
of free radicals due to the ultrafast (<150 fs) electron transfer between cation and
anion in the molecules.

So, the studies conducted in vitro and in vivo for the developed compounds
have revealed their potentialities and advantages over other classes including their
applicability as photosensitizers for diagnostication and phototherapy of deep lying
tumors and also in hypoxic conditions. The mechanisms responsible for the
photoactivity in hypoxic conditions have been interpreted; the methods to establish
the optimum doses of phototreatment have been proposed on the basis of recording
the changes in the spectral characteristics of photosensitizers; the diagnostic methods
for the neoplasm localization regions have been optimized.
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NEPCIHHEKTUBHBIE ®OTOCEHCUBUJIM3ATOPBI HOBOI'O
MNOKOJIEHUA JJI1 ®OTOAUHAMUYECKON TEPATIUU
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A.A. HyFOBCKHﬁl, JI.C. .HHHIGHKOl, J.T. MGJIBHI/IKOBl, A.E. Pajipko’,
K.H. LHeB‘-IeHKOZ, B.H. anIOBS, I.C. TapaCOBZ, D.A. )KaBpHJ:[3, 10.11. Uctomur®,
E.H. Anexkcaraposa’, ILT. Ilerpos’, JI.1. Jemux’

1Bezz0pycc:<m7 2ocyoapcmeennslil yHugepcumem, 2. Munck, benapyce
2 Unemumym npukinadnwix gusuyeckux npobnem um. A.H. Cesuenxo BI'Y
2. Munck, benapyco
3Pecny6aukanckuti HayuHo-npaKmuyeckutl Yenmp OHKOIO2UU U MEOUYUHCKOTL
paouonoeuu um. H.H. Anexcanoposa, n. Jlecnoti, benapyco
4HHcmumym ouoopeanuueckotl xumuu HAH Benapycu, e. Munck, Berapyco

Meton doronunamuueckoit tepanuu (D/T) 31M0KkaduecCTBEHHBIX OIyXOJei
IIMPOKO MPHUMEHSAETCS BO MHOTHUX CTpaHax Mupa. B OCHOBe MeToma JexuT
CIIOCOOHOCTH TpernapaToB-(pOTOCEHCUOMIN3AaTOPOB HAKAIUIUBAThCS B OITYXOJEBBIX
TKaHAX W MPUOOpPETaTh BBIPAKECHHBIC ITUTOTOKCUUYECKHUE CBOMCTBA MPHU aKTHUBAIUU
ceeToM. B kauecTtBe (hoTtocencudbunuzatopoB st O/T ucnonb3yroTcsi, B OCHOBHOM,
coeIMHEHUs NOP(PUPUHOBOTO Psijia — MPOU3BOJIHBIE reMaTonophrprHa U XJIOprHa €6.
IlomydeHsl MONOKUTENBHBIE pe3yabTaThl Ipu jedeHuu merogom DJIT paka xoxw,
3JI0KQYECTBEHHBIX OMYXOJEH TOJIOBBI U II€U, MOUYEBOTO MYy3bIPs, OPOHXOB, KEHCKUX
ITOJIOBBIX OPraHOB, NHINEBOAA W KEIYJIKAa, METACTa30B B KOXKE, paka MOJIOYHOMU
HKEJIE3BL.

HanpHenmue ycriexu meroga O T CBA3BIBAIOT C HMCIHOJb30BAHUEM HOBOTO
MOKOJIEHHST (hOTOTEPANIEBTUYECKUX TMPENapaToB, XapaKTEPU3YIOUIUXCS CUIBHBIM
MOTJIONIEHUEM CBeTa B 00acT «doToTepaneBTudeckoro okua» — ot 700 mo 900 uwm,
B KOTOpPOM Majo paccessHuE cBeTa OWOJOTHYECKUMU TKAHSIMH M TPAKTUYECKH
OTCYTCTBYET TIOTJIONIEHWE CBETa OSHJOTCHHBIMU OHMOMOJIEKyJIaMHu, TaKUMH Kak
reMOrjo0rH, MEeJIaHUH U BoJia. ITO 00ecleuynBaeT rry0oKoe MPOHUKHOBEHHE CBETA B
TKaHW W TO03BOJSIET ucnosb3oBaTh Meron DT ans jnedeHus HE TOJBKO
MMOBEPXHOCTHBIX, HO U TIyOOKOpacmojioKeHHbIX onyxoneil. HeoOxoaumbim
TpeOOBaHUEM [IJIi HOBOTO TMOKOJEHUs (OTOCEHCHOUIIU3ATOPOB SIBISIETCS TaKXKe
MPEUMYIIECTBEHHOE HAKOIIJIEHHE B OMyXOJEBOM TKaHU, MUHUMAaJIbHAsl TOKCUYHOCTD,
a Tak)e OBICTpOE BBIBEJACHHUE M3 HOPMAIbHBIX TKaHEH BO H30EKAHHE PaA3BUTHUS
MOOOYHBIX 3(P(PEKTOB, BHI3BAHHBIX MPOJOHTUPOBAHHON (HOTOTOKCHUUHOCTHIO0. OHON
W3 TPyNn COCIUHEHUN HOBOTO TMOKOJCHUSI (HOTOTEPANEBTUUECKUX MPErnapaToB
ABJSIETCA  TpyNIa TMOJUMETHHOBBIX KpacuTesied, HMEIOINX OIpeIeICHHbIE
MIpEUMYLIECTBA nepen COCTMHEHUSIMU nop(pupUHOBOTO psana. s
TPUKAPOOIIMAHMHOBBIX ~KPACUTEJNIEH SABJISICTCS XapaKTEPHBIM HAJIWYUE TOJIOCHI
MOTJIONMICHUSI CBETAa C BBICOKUM  MOJISPHBIM  KOA(GOUIIMEHTOM  TOTJIONICHUS
(60mmee10° M™em™) B Goree mmMHHOBOIHOBOH 061actu crektpa (700-900 HM), yem
MPOU3BOIHBIC TTOp(PHHA.
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[Ipu  pa3paboTke  HOBOTO IIOKOJIEHUS CEHCUOWIN3aTOPOB IS
(OoTOXMMHUOTEpAIMK HAaMU TPOBEICHbl HCCIEAOBAHMS OJIHOTO U3 Ba)KHEHIIMX
napamMeTpoB — MX CHOCOOHOCTh K AKTHBAI[MUM CBETOBBIM H3JIyYE€HHUEM C JUTMHOU
BOJIHBI, COOTBETCTBYIOILIEH OOJACTH MPO3PAYHOCTU OMOJOTHYECKHX TKaHeu. s
MOJIaBJIAIONIETO OOJBIIMHCTBA (POTOCEHCUOMIN3ATOPOB MOBPEKICHUE OIMYyXOJIEBBIX
kietok npu O[T 3aBUCUT OT HACBHIIIEHHOCTU Cpeibl KUciopojaoMm. s cosznanus
OJIMHAKOBOM CKOPOCTH PACXOJOBAaHMS KHUCIOpoAa B Tporecce (PoToBO3aeHCTBUA
BBITIOJTHEHBI YCJIOBUSA IO OOECIEUECHHIO OJIMHAKOBOIO KOJMYECTBA IMOTJIOIICHHBIX
KBAaHTOB CBETa B €IMHUILY BPEMEHU Ha KaXKJIOM U3 HCIOJb30BAHHBIX JIJIMHAX BOJIH
(OTOBO3ACHCTBUS. DTO JIOCTUTAIOCH BBIOOPOM ISl KaKIOTO HCTOYHHMKA CBOECH
IJIOTHOCTHM MOIIIHOCTH CBE€Ta majaromiero Ha ooOpaszen. IlomydeHHble HTaHHBIC
CBUJICTEIBCTBYIOT O TOM, 4TO 3(P(HEKTHBHOCTh (DOTOAKTHUBAMHA THOETH PaKOBBIX
kietok Hela mpu obecrnieueHUH OJAMHAKOBOTO KOJIMYECTBA MOTJIONIEHHBIX KBAHTOB
CBETAa B €IMHUILY BPEMEHHM Ha BCEX TPEX MJIMHAX BOJIH CBETa OJMHAaKoBa. BMmecre c
TEM, MEXIy JaHHBIMH, TOJYYCHHBIMH Ha KieTkax Hela u in Vvivo, HaGmromaroTcs
pasnuuus. TloBpexIeHHE OIMyXOJIEBBIX TKaHEH IN VIVO Bo3pacTaeT B 3 pasa IpH
W3MEHCHHMH JIJIMHBI BOJHBI (POTOBO3JEHCTBHSA B jauariazoHe ot 668 mo 780 HM.
VYBenuueHue rryOMHBI HEKpO3a JJisi HICTOYHUKA CBETa C JUJIMHOW BOJHBI 740 HM 10
CPaBHEHHUIO C H3JIydyeHHEM 668 HM COINIacyeTcsi ¢ POCTOM MPOIyCKaHUs CBETa
TKaHsAMU TpH niepexoe k ompkaemy K- nuama3ony criekTpa, HO HE IPU CPAaBHEHHUH
ATOrO Mapamerpa sl BO3ACHUCTBUU U3IIy4YeHHEM C IMHOW BoHBI 740 n 780 M. U3
MPUBEICHHOTO B JIUTEpaType  CHEKTpa  JAeHcTBUS  (PoToauccouUaiu
OKCUTeMOrjo0MHa Ha JyIuHe BOJIHBI 780 HM 3()(heKTUBHOCTH 3TOr0 MPOLECCa TOUTH B
JIBa pasa BbIllle, YeM Ha JyiuHe BoJIHbI 740 HM. CrenoBaTebHO, OTIUYKS B TIyOUHE
MOBPEXKJEHUS OMYyXOJM JJIsi HWCTOYHUKOB C Pa3IMYHBIMU JIJIMHAMH  BOJIH
OTPENEINISIOTCS, KaK pa3iMuieM B MPOMYCKaHUM TKAHEW B 3aBUCUMOCTH OT JIJIMHBI
BOJIHBI CBETOBOTO U3IYyUEHHUsI, TaK Pa3NUIHON 3PPEeKTUBHOCTHIO (POTOAMCCOIIUAIINN
KOMILJIEKCOB ~ TeMOTJIOOMHa B KPOBEHOCHBIX  cocyAax. Takum  oOpaszom,
(hOTOXMMHOTEpANEBTHUECKOE MMOBPEXKICHUE OMyXOJIEBBIX TKaHEH BO3pacTaeT B 3 pasza
MIpU U3MEHEHUH JUTUHBI BOJHBI (POTOBO3NECHCTBUA B AuanazoHe oT 668 no 780 um. B
nporiecce (OTOBO3ACHCTBHSA IN VIVO MPOMCXOAWT YBEIMUYCHHE MOIYIIMPUHBI H
KOPOTKOBOJIHOBBIM CMEIIIEHUEM B CIIEKTpax (IyOpECICHIIMH TPUKapOOIIMaHUHOB B
OITYXOJIEBBIX TKAHSAX, KOTOPOE OOYCIIOBICHO pa3iMyueM B MPOMYCKaHWU TKaHEU U
POCTOM JIOKAJIbHOM KOHILIEHTPAIIMKU KUCIOPO/Ia.

Jnst ycraHoBieHUsT MexaHu3Ma (HOTOMOBPEKACHUS OMYXOJEBBIX KIIETOK
MPOBEJICHBI UCCIICIOBAHUS CIIEKTPATbHO-KMHETHYECKUX U (POTOXUMUUECKUX CBOMCTB
TpUKapOOIIMAHMHOBBIX KpacuTesel PH YCIOBUM CMEIIEHNS HOHHOTO paBHOBECHS B
CTOPOHY YBEJIMUEHUS JOJU TECHBIX KOHTAKTHBIX MOHHBLIX map. [Ipu nimaHupoBaHuu
ATUX HCCJIECIOBAHUN MCXOIWIM M3 TOro (pakta, 4TO BBEJACHUE B MAaJIOMOJSPHBIC
pactBopsl [IK 1onosHUTENPHON COJIM MPUBOAUT K CMEIICHUIO HOHHOTO PABHOBECHS
B CTOPOHY YBEJIWYEHHUS JIOJIM KOHTAKTHBIX MOHHBIX Map, B TOM YHCIE€ U TECHBIX
KOHTaKTHBIX TIap. B MamomonsipHOM AHMXJOpOEH30J€ TpU BBEJACHUU COJIU
TeTpabyTUIaMMOHHUI OpOMHUJIa YMEHBIIAETCS KBAHTOBBIN BBIXOJ (DIIyOpEeCIeHIINN U
BpeMs KU3HU (IIyOPECICHIIUH, KPOME ITOTO MPOUCXOJNUT yBEIHMYCHHE KBAHTOBOTO
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BbIXOAa (OTONECTPYKIMH U KBAaHTOBOTO BBbIXOJAa OOpa30BaHUs CHHIJIETHOTO
kucinopona. Ilociennee o0OCTOSTENBCTBO, CBHUAETEIBLCTBYET O 3HAYUTEIHHOM
YBEJIMYEHNUE BBIXOJA MOJEKYJI B TPUILUIETHOE COCTOSSHUE TIPU  BBEJICHHUU
JOTIOJTHUTENBbHOU co. Takum oOpa3oM, BBEIEHUE COJU MPUBOAUT K 3HAYUTEIbHBIM
U3MEHEHUSIM  (POoTODU3NYECKUX U (HOTOXMMUYECKUX XaApPaKTEPUCTUK KpacuTes,
KOTOpbIE OOYCIIOBJICHBI MPOSBICHUEM YBEJIMYCHUS JIOJIM TECHBIX KOHTAKTHBIX
MOHHBIX nap. J[Ji1 BISICHEHHS BIMSAHUS YBEJIMUEHHUS JOJIA TECHBIX KOHTAKTHBIX I1ap B
pacTBOope Ha mpouecc oOpa30BaHHsS PAJAUKAJIOB IPOBEAECHBI HCCIEAOBAHMS
HECTAallMOHAPHBIX CIEKTPOB TMOIJIOMIEHNUS TPUKAPOOLUMAaHUHOBOIO KpacuTeNlsl B
MastonnossipaoMm JIXb, a Takxke B nuokcaHe. B cnekTpe HaBEJEHHOIO IOTJIOLICHMS
TPUKApOOLIMAHUHOBOIO KpacuTenst npu BBeneHun TBADB Bkimaa HONOIHHATENBHOM
MOJOCHl € Ayaxe = 735 HM B CYMMAapHbIA CIEKTP HECTAIMOHAPHOIO MOTJIOIICHUS
YBEIIMUMBAETCS, YTO CBHJETEIBCTBYET O POCTE YHCIA paaukanoB. [lpum srTom,
BBEJICHHE COJIM BBI3BIBACT MAJCHHE KBAHTOBOI'O BBIXOJA M BPEMEHU IKU3HU
(GiayopecueHIMN KpacuTells B IPOINOPLHUH, KOPPEIUPYIOLIEH ¢ H3MEHEHHEM
WHTEHCUBHOCTU HOBOM I1OJIOCHI.

OOpazoBaHue  paJuKajioB  MOXET  IOBJIUATh HAa  3aKOHOMEPHOCTHU
boToAEeCTPYKIIMHN KpacuTesel B 0CBOOOXKIEHHBIX OT KUCIOpoAa pacTBopax. B cBs3u
C TeM, 4YTO (OTOAECTPYKLMUSI KpacuTeled B 0OECKHCIOPOKEHHBIX pacTBOpax
BCJIE/ICTBHE CaMOCEHCUOMIM3UPOBAHHOTO OKHUCJIEHHUS HCKIIOYEHa, TO MpPH pOCTe
YHuCla PaAUKajJoB B TaKUX YCIOBHUSAX CTAaHOBHUTCS Oojee BEPOSATHBIM OOHApy>KEHHE
PE3yJbTAaTOB B3aUMOACHCTBHUS MOJIEKYJ KPACHUTENA C 3TUMU HHTEpMEANaTaMy WIIU
MIPOAYKTAMU UX PEAKLIMU C PACTBOPHUTEIIEM.

B BO34yXOHACBIIIEHHBIX CIIUPTOBBIX PACTBOpPaX (POTOAECTPYKIIMS KpacuTeseu
C pa3HbIMM NPOTMBOMOHAMHU MPOTEKAET C OJWHAKOBHIM KBAaHTOBBIM BBIXOAOM,
3HAUYEHHE KOTOPOrO HE 3aBUCUT OT HalIWyus coid. B 00ecKUCIOpOKEHHBIX
CHMPTOBBIX  pacTBOpax  KBAaHTOBBIM  BBIXOJ  (POTOAECTPYKLUMHM  KpacuTesen
yMeHbIlaeTcsi 6ojiee 4YeM Ha MOpPSAO0K, UMEET OJMHAKOBbIE 3HAYEHUS (C TOYHOCTBIO
oTpesieNieHus1) sl TPUKapOOLIMaHMHOBBIX KpacuTesNell ¢ pa3HbIMU IPOTUBOMOHAMU U
HE U3MEHSETCS IIPU BBEIECHUU COJIN.

B manononspaom XD ynanenue kuciopoaa TakKe MPUBOJAUT K YMEHBIICHUIO
KBaHTOBOTO BbIXoAa (OTOAECCTPYKIMH KpacuTened Oojiee 4eM Ha MOpPSAJOK U, B
OTJIMYME OT BO3yXOHACBIIMICHHBIX PACTBOPOB, MUMEET MOCTOSHHOE 3HAYECHHE IS
KpAacUTENe C  pa3HbIMA NpoTuBOMOHamMH. Crlegyer  y4yecTb, 4YTO  JUIA
TPUKAPOOLIMAHUHOBOI'O KPACUTENS C MPOTUBOMOHOM |” KBAaHTOBBIN BBIXOJ] F€HEPALIH
CUHIJIETHOTO KHCJIOPOJia B MAJOMNOJIAPHBIX PACTBOPUTEINSAX HA MOPSAIOK BBILIE, YEM
Ul TpUKapOOIMaHMHOBOTO Kpacutenss ¢ npotuBomonamu ClO4 u  Br.
CreoBarenbHO, MOJYYEHHBIE OJMHAKOBBIE 3HAYEHHWS KBAHTOBOTO  BBIXOJA
dboToecCTpyKIIMU B OOECKHUCIOPOKEHHBIX PacTBOpax HJisi KpacuTesleill ¢ pa3HbIMU
IIPOTHUBOMOHAMU IO3BOJISIIOT CIEIATh 3aKIYEHUE, YTO B 3TUX YCIIOBUAX MEXAHU3M
dotonectpykiuu 1K He cBsi3aH ¢ BBIXOJJOM MOJIEKYJ B TPUILUIETHOE COCTOSIHUE.

BBenenue comu mpUBOAUT K 3HaudTelbHOMY (B 3.5 pasza) yBEIMYEHUIO
KBaHTOBOTO  BbIXoAa  (OTOpeakuuu  TPUKApOOLIMAaHWHOBOTO  KpacuTens ¢
MPOTUBOMOHOM Br B 00€CKMCIOpPOXEHHBIX pacTBopax auxiopOenszona. [Ipu 3towm,
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Kak OBUIO TIOKa3aHO BBINIC, BBEACHWE COJM TMPUBOJUT K POCTYy YHCIA
0o0pa30oBaBIIMXCSA  pPAJMKAIOB. JTO TMO3BOJSET CcHeNaTh  3akioueHue o0
OmpeieNsomell  ponmd  o0Opa3oBaHHMS ~ paaguKalioB B (oTOomECTpyKIHUU
TPUKApOOIIMAHMHOBBIX KpacuTelNel B 00CCKUCIOPOKEHHBIX PACTBOPAX.

[TpuunHoi M3MeHeHUsT GoTOPU3NIECKUX U (HOTOXUMHUCCKHX XapaKTEPUCTUK
TPUKApOOIIMAHMHOBOTO KPACUTEISI B MAJOIOJIIPHBIX PACTBOPHUTENSX NPU BBEACHUU
TeTpaOyTUIaAMMOHHI OpOMHU/IA SBIISCTCS YBEIHMUEHUE JOJTM TECHBIX KOHTAKTHBIX Tap
U 00pa3oBaHUE CBOOOIHBIX PATUKAIOB B pe3yinbrare cBepxObicTporo (<150 dc)
NepeHoca EKTPOHA MEXTy KATHOHOM M aHHOHOM MOJIEKYJL.

TakuM 0Opa3oM, BBHIMOJHCHHBIH KOMIUIEKC WCCIIEIOBaHHMA IN VIro u in Vivo
s pa3palaThIBa€MOTO Kjacca TO3BOJMJI ONPENEIUTh HX OCOOCHHOCTH U
MPEUMYIIECTBA B CPABHEHUHU C JAPYTUMHU KjacCaMH, B TOM YHUCJIE MPUMEHUMOCTH B
KadecTBe (DOTOCCHCHMOMIN3ATOPOB [IJI1 JTUarHOCTHKKA M (POTOTEpamuu OmMyXoJieh
[IIyOMHHOM JIOKaNM3allii, a TakKe B YCIOBUSX HeAOoCTaTka Kuciopona. Jlana
HMHTEpIpEeTalns MEXaHU3MOB, 00YCIaBIUBAIOMINX (POTOAKTUBHOCTh B THITOKCUMHBIX
YCIOBUSAX,  NPEIJIOKEHBl  METOJUKH  ONpENeNieHHWs  ONTHUMAIbHBIX 103
($hoTOOONYUeHUSI, OCHOBAaHHbIE HA PETUCTPAlMM WM3MEHEHUW  CIEKTPaJbHBIX
XapaKTEePUCTUK (POTOCEHCUOMIN3ATOPOB, a TaKXKE ONTUMHU3UPOBAHHBIE METOIUKU
JUArHOCTUKH 00JIacTel JTOKaI3alluid HOBOOOOpa30BaHUM.
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SOFTWARE SYSTEM FOR DEVELOPMENT OF ALGORITHMS
FOR VIDEO PROCESSOR

E. Kalabukhov, M. Tatur
Belarusian State University of Informatics and Radioelectronics, Minsk, Belarus
E-mail: tatur@i-proc.com; kalabukhov@bsuir.by

1. Task of creating the system

Video processing system can be built using both universal and specialized
calculators — video processors. The hardware part of the specialized system typically
includes a video camera, a video processor and monitor (or video server).

In addition to creating the actual hardware of the video processor, you typically
need to create firmware that translates the video stream received from a camera to
achieve a certain effect (for example, increase the contrast, sharpness, performing
filtering etc.).

Perform creation and debugging of firmware directly to the video processor is
quite a long process (creation — flash — testing — analysis — modernization, etc. the
cycle). It is time-consuming and requires, in some cases stable video input.

Besides creating firmware for a number of video processors depends on the
hardware platform, (for example, resources, feasibility of processing operations),
although the processing algorithm remains almost total.

Our approach is to use a software system for creating and debugging the initial
idea of the algorithm. At the same time, this step does not use a dedicated video
processor and runs on a personal computer, although the formation of the algorithms
should be carried out taking into account the special requirements for data format and
permissible operations with them. In such a software system source and the received
data is stored in the video files (as .avi video containers). All this allows simplifying
the development and testing of algorithms, allows accumulating base general
algorithms, which can then be quickly adapted to the desired structure of the video
processor, makes it easier to compare the results and the complexity of implementing
various versions of the algorithms.

2. System structure

The software system consists of the following main components (see figure 1):

e main module, which is a user interface and organizing work with the input and
output video, and user settings for processing;

e video frame processing modules; each module (the effect) is a dll with a fixed
interface, but rather in terms of the implementation of the free video frame
processing;

e communication component (special DirectShow filter in format .ax, see Figure
1, component 3) for exchange data between the main module and the video
frame processing module to support the processing of video sequences on
DirectShow technology.
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user seiings

I

5
&

input video data ((avi) > ] 4 » output video data (.avi)

3

tl

DIL for video frame
processing module

Figure 1. The software system (1 — video input interface; 2 — user interface (GUI); 3 — interface
for video frame processing modules; 4 — video output interface)

3. Features of the implementation system

The system is implemented in C++ (created use MS Visual Studio 2008) for
Windows operating systems (tested on Windows XP, 7, 8).

The basis of the video processing technology incorporated use DirectShow,
with the main program module of the system (see figure 2) is easy to use. Since the
system is intended for complete processing of the input video data, the specialized
tools to select fragments of video data therein are not provided. System settings allow
you to select the codec to output video.

Effects for the treatment selected from the set pre-existing dll for video frame
processing. The results of one of the test effect are shown in figure 3. Currently
supported video processing only one filter per pass, because it allowed a few to
simplify the implementation of the system, although it reduced the overall
functionality.

To implement the new processing modules you need to create new dll with
strictly defined structure that receives program access to the image frame. It is also
one of the features of the system — programmer is separated from to work directly
with the video and with effects modules registering in the system, which greatly
simplifies the creation and debugging of effects.

L] Video Edit -
First fle | C:\_WORK\vedit_test\Lavi
Q 768x576 24bit 27.63fps 00:05:01.046 35.52MB
[ second fie
Video effect | C:\_WORK\vedit_test\VEdit? Release \effect_invert.dl
& (single) Invert video frame
Output fle | C:\_WORKwedit_test\testd Lavi
Process
Preview 3 Source file(s): F 2 Th i f
redee | | Proeess e igure 2. e user Interrace
Destination fle: f f y
C:\_WORKvedit_test\test0L.avi 0 a SO tWare S Stem
0. I
Time elapsed / remaining: 00:00:29 / 00:01:52
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Figure 3. Example of the effect of inversion

4. Using the system

The resulting program system allows:

get open to analyze and debug algorithms for video processing, because
creation of algorithms is quite low level programming, which contributes to
further more rapid and adequate translation of the algorithm into the firmware
of the video processor;

implement fairly sophisticated video processing algorithms, because
restrictions on treatment exist only in the form of an agreement on the format
of the data and a set of operations that must use the programmer, which created
algorithms;

store received algorithms in libraries, but the registration of the modules
handling personnel in the operating system is not made that quite effectively
when effect on debugging;

to analyze the result of the visual comparison of algorithms results;

create a video processing results, which makes it easy to demonstrate the
progress and development of algorithms and compare results between different
versions of the same algorithm or its settings;

process as individual frames or as stereo sequences from different video
streams, that the latest version can be applied for comparative analysis.

The resulting system at this stage is mainly focused on pre-processing of video

data, but may be supplemented by other technologies of video analysis, because it
depends only on the operation of the module of video frame processing.

The system is currently used to create algorithms for nonlinear filtering of the

video, which will be further implemented in the firmware of the original video
processor, built on FPGA Xilinx.

In the future we plan the creation sdk to simplify programmer work with an

image frame for effect module, create a library of specialized modules for generating
statistics on processed video data, and update of the system for the use of several
processing modules in the sequential processing a frames of video data.
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IMMPOTPAMMHASI CUCTEMA JIJISI PA3PABOTKH AJITOPUTMOB
BUJEONPOLIECCOPA

E.B. Kanabyxos, M.M. Tatyp
benopycckuii 2cocyoapcmeennulii ynugepcumem ungopmamuku u paouod1eKmpOoHUKU
2. Munck, benapyco
E-mail: tatur@i-proc.com; kalabukhov@bsuir.by

1. 3agaum co31aHus CHCTEMBI

Cucrema BHI€000paOOTKH MOXKET OBITH MOCTPOEHA C HMCIOJIb30BAHUEM Kak
YHHUBEPCATbHBIX, TaK U CIEHUATU3UPOBAHHBIX BBIYUCIUTENCH — BUICOMPOLIECCOPOB.
ArmnmapatHas 4acTh CIEUUATU3UPOBAHHON CHUCTEMbI OOBIYHO BKJIKOYAET B ce0s
BUJICOKaMepy, BUJICONPOIIECCOP U MOHUTOP (MJIU BUJEOCEPBED).

Kpome co3pganusi coOCTBEHHO ammapaTHOM 4acTH BUIEOIPOLIECCOpa, OOBIYHO
TpeOyeTcsl co3JaBaTh MPOIIKMBKY BBINOJHSIOUIYIO IMpeoOpa3oBaHUE BHJIEONOTOKA,
MOJIy4a€MOT'0 C BMJIEOKAMEPBI, JUUIS JIOCTHXKEHUS HEeKoToporo 3¢ ¢dexra (Hampumep,
MOBBILICHUS] KOHTPACTHOCTH, PE3KOCTH, BBIIIOJHEHUS GUIBTPALIUM U T.I1.).

BoinonHenne co3maHus M OTIQAKM TaKUMX MPOIIMBOK HANpsIMylO Ha
BHJICONPOLIECCOPE BEChbMA JOJTHI Mpolecc (Co3laHne — NPOLUIMBKA — TECTUPOBAHKE
— aHaMM3 — MOJEpPHU3AIMS W T.[. MO LUKIY), OTHUMAIOIIMA MHOTO BPEMEHH H
TpeOyIOMIHii B psiie CydaeB CTAOMIBHBIX BXOJHBIX BUCOJAHHBIX.

Kpome Toro co3manve nNpoUmIMBOK JJisi pslia BUACOIPOLIECCOPOB 3aBUCUT OT
UCIIOJIb3yeMOU anmapaTHol miaTgopMbl, (HAmpUMep, PECypcoB, BO3MOXKHOCTEU
peanuzaiuu omnepanuii  00pabOTKH), XOTSI caM aJIrOpuTM OOpabOTKU OCTaeTCs
MPaKTUYECKH OOIIHNM.

Ham noxxox coCTOMT B HMCHOJB30BaHUM TPOTPAMMHOM CHUCTEMBI IS
HAaYaJIbHOTO CO3JaHMsl W OTIaJKU uaen anroputMma. [Ipm sTomM 3TOT 3Tam He
UCIOJB3YET  CIELMAIM3UPOBAHHBIM  BHIEONpoleccop, XoTd  (HOpMHUpPOBaHUE
QITOPUTMOB JIOJIKHO BECTHUCH C YYETOM OCOOBIX TpeOoBaHUM 10 (hopMaTy JaHHBIX U
JOIMYCTUMBIX ONEpalii ¢ HUMH, U BBINOJIHIETCS Ha MEPCOHAIBHOM KoMIbioTepe. B
TaKOM NPOrpaMMHONM CHCTEME HCXOJHbIE M IOJIydaeMble JaHHBIE XPaHATCA B
Buzcodaiiax (KOHTeHHEpHI TUMA .avi). Bce 3TO Mo3BOIISET yIPOCTUTH pa3paboTKy U
TECTUPOBAHUE AJITOPUTMOB, MO3BOJSET HAKAIUIMBaTh 0a3zy OOUIMX aJrOpUTMOB,
KOTOpBIE TOTOM MOXKHO OBICTpee aJanTUpPOBaTh TMOJA HYXHYIO CTPYKTYpY
BUJICONIPOLIECCOPA, TMO3BOJISIET TMPOILE CPaBHUBATH pPE3YyJbTaThl M  CIIOXHOCTb
peanu3aluy pa3IudHbIX BEPCHI alTOPUTMOB.

2. CTpyKTypa cucreMsbl

[IporpammHasi cucteMa COCTOMT W3 CJIEAYIOIIUX OCHOBHBIX KOMITOHEHT
(cM. pucyHok 1):

® OCHOBHOTO MOJYJIS, TPEJICTaBISAIONIET0 co00i uHTepdelc MOoab30BaTeNs H

OpPraHMU3YIOLIEro paboTy ¢ BXOJHBIMU M BBIXOJIHBIM BUeO(daiIamMu, a TaKxke ¢

MOJIH30BATEILCKUMH HACTPOMKAMU TIpoiiecca 00padoTKu;
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e Monyiei 00paboTKM Kaapa; Kaxapld Moaynb (3¢h@dexT) mpeacTaBiseT coOoi
dll ¢ pukcupoBanHBIM HHTEPPEHCOM, HO TOCTATOYHO CBOOOTHOW peau3aiuei
B IIJITaHEe 00pabOTKH Kajipa;

e KOMIIOHEHTa cBsi3u (cmenuanbHOro ¢uustpa DirectShow dopmara .ax, cm.
KOMITOHEHT 3 Ha pucyHKe 1) mas oOMeHa MaHHBIMH KaJpa MEXITY OCHOBHBIM
MOAYJIEM H MOAyJIeM o00pabOTKM Kaapa ISl TOMIEPKKHA 00paboTKH
BUJICOTIOCIIeIOBAaTEIbHOCTEN IO TexHOoJoruu DirectShow.

Hoaw3oeamensvcKie
HACMPOLIKL

!

2
s

axoduble . Eulx0dHBIE
sudeodannsie (.avi) sudeodannvie (.avi)

tl

DLL obpabomru
xadpa sudeod anuLx

Pucynox 1. Cocmas npoepammmoii cucmemot (1 — unmepgetic 6600a udeodanHvix, 2 —
noavzosamenvckuil unmepghetic, 3 — unmepetic ¢ bubauomexoi oopabomku,; 4 — unmepghetic
6618600a 8UOEOOAHHBIX)

3. Oco0eHHOCTH peain3auum CUCTEMbI

Cucrema peanimzoBana Ha si3bike C++ (cozmaBanace B MS Visual Studio 2008)
JUIS  ONEPalMOHHBIX cucTeM cemeiictBa Windows (TectupoBasiack B padoTe Ha
Windows XP, 7, 8).

B ocnoBe mporecca 0O0pabOTKM BHUICOJAHHBIX 3aJI0KEHO HCIIOJIb30BaHUE
texHosioruu DirectShow, npu 3ToM OCHOBHOM MPOTrPaMMHBIA MOJYJIb CUCTEMBI (CM.
PUCYHOK 2) JOCTATOYHO MPOCT B MCIOJIb30BaHUU. Tak Kak CHCTeMa IpeIHa3HaueHa
IUIS  TIOJIHOM 0OpaOOTKM BXOJHBIX BHICOJAHHBIX, TO CIICIHATU3UPOBAHHBIX
WHCTPYMEHTOB JUIsl BBIOOpa ()parMEHTOB BHJICOJAHHBIX B HEH HE TPEIYyCMOTPEHO.
Hactpoiiku cucTeMbl MO3BOJIIIOT BBIOPATh KOACK sl (POPMUPOBAHUS BBIXOIHOTO
BHIcodaiina.

DddexTer 11 00pabOTKK BhIOMparoTcss U3 Habopa 3apaHee co3gaHHbIX dll
o0paboTku kaapoB. Pe3ynbpTaThl pabOThl OAHOTO M3 TECTOBBIX A(PQeKToB
npeacTaBieHbl Ha pucyHke 3. Ha gaHHBIE MOMEHT moajepkuBaercs oO0paboTka
BUJICOAHHBIX TOJBKO OJHUM (WIBTPOM 3a MPOXOJ, T.K. 3TO MO3BOJIMIO HECKOJIBKO
YIPOCTUTH PEATU3AIIUI0 CHCTEMBI, XOTS U CHU3HJIO €€ 00IIYyI0 (DYHKIIMOHAIBHOCTb.

JIJis peanu3ay HOBBIX MOJTIyJIel 00pa0OTKH KaapoB JIOCTATOYHO Pealli3allin
dll sxecTko ompenmeneHHONW CTPYKTYphI, KOTOpas MOJydaeT MPOrPaMMHBIA TOCTYI K
KaJpy M300pakeHUs. JTO TaKKe OJHA M3 OCOOECHHOCTEH CHCTEMBI — IMPOTPAMMHUCT
OTJIEJICH OT TMPSIMOM pabOTHI C BUIEOMOTOKOM M PETUCTpAIK MOyieh dhdexToB B
CUCTEMeE, YTO 3HAUUTEIHHO YNPOILAET CO3/IaHue U OTIAIKY 3(PPEKTOB.
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u Video Edit = =

First file | C:\_WORK\wedit_test\1.avi
Q 768x576 24bit 27.63 fps 00:05:01.046 35.52MB

[ second file

video effect | C:\_WORK\vedit_test\VEdit2\Release'\effect_invert.dll
Q (Single) Invert video frame

Output file | C:\_WORK\vedit_test\test01.avi -
Process

Preview Process Source file(s):
C:\_WORK\vedit_test)l.avi

Destination file:
C:\_WORK\vedit_test\testD1.avi

2000

Time elapsed [ remaining: 00:00:29 f 00:01:52 Stop

Pucynox 2. Ilonvzosamenvckuii unmepgheiic npoepammHoll cucmemsl

lavi £ test01.avi - o lEd

Gaiin Bua Bocnpowsseerme Haeuraums 3aknaakn MMomous

o B

| |
PO OO e (CHOMONONONRONOIC] 4 il

Pucynox 3. Ilpumep pabomwi 3¢hpexma unsepcuu

4. Ucnosib30BaHHE CHCTEMbI
[TomydeHnHasi cuctema 1mo3BOJISIET:

® TIOJy4YUTHh OTKPHITHIE B IUTAHE aHAJIM3a M OTJIAJIKH aJITOPUTMBI 00pabOTKH
BUJICOJIAaHHBIX, T.K. CO3JaHHE AaJTOPUTMOB HIET Ha JOCTaTOYHO HHU3KOM
YpOBHE, YTO CHOCOOCTBYET B JaybHeillieM OoJiee OBICTPOMY U aIeKBAaTHOMY
NEPEeBOy AITOPUTMA B TIPOIIHUBKY BHICOTPOIIECCOPA;

® pEaNM30BBIBATH JOCTATOYHO CIIOKHBIE allTOPUTMBI 0OpaOOTKH BUICOJAHHBIX,
T.K. OTpPaHUYEHHUSI Ha 00pabOTKY CYIIECTBYIOT TOJIBKO B BUJE JOTOBOPECHHOCTH
o Qopmare maHHBIX M HabOpe orepauii, KOTOpbhIE TOJDKEH COOII0IATh
IPOrPaMMUCT-CO3/1aTENb aJIrOPUTMOB;



® XPaHUTH MOJYYCHHBIC aJTOPUTMBI B BUC OUOIMOTEK, MPU STOM PETHUCTPALIUS
caMuxX MojIyyeil o0paOOTKM KaJpoB B ONEPAIMOHHOW CHUCTEME He
IPOU3BOJIUTCS, YTO JOCTATOYHO d(PPEKTUBHO MIPH OTIAJIKE;

® aHANMM3UPOBATh  pe3yJbTaT  NPUMEHEHUS  aJTOPUTMOB  BU3YaJbHBIM
CpaBHEHUEM;

e hopmupoBaTh BUACO(DANITBI PE3yIbTaTOB 0OPAaOOTKH, YTO IO3BOJISAET JIETKO
JEMOHCTPUPOBATH MPOTpecc pa3pabOTKHU aIrOPUTMOB U TPOBOJIUTH CPABHEHUE
PE3yNIbTAaTOB MEXY Pa3HbIMU BEPCHUSIMH OJHOTO M TOTO € allfOPUTMA WM
€ro HaCTPOEK;

e 00pabaTbiBaTh KaK OTHAEIbHBIE KaJpbl, TAK U CTEPEO MOCIEAOBATEILHOCTH U3
Pa3HBIX BUCOMOTOKOB, YTO B MOCJICTHEM BapUAHTE MOXKET OBITH TPUMEHUMO
JUIS CPAaBHUTEILHOTO aHAN3A.

[TomydyeHHass cucTeMa Ha JAaHHOM JTarne B OCHOBHOM OPHEHTHPOBAaHA Ha
MPEABAPUTENbHYI0 00pabOTKY HM300paKEHHI, OJHAKO MOXKET OBITh JIOMOJIHEHA H
JIPYTUMHU TEXHOJIOTHSIMHU aHAJN3a BUCOIaHHBIX, T.K. 3TO 3aBUCHUT TOJBKO OT PabOTHI
MOyl 00pabOTKH KaJpOB.

Cucrema B HACTOSIIMK MOMEHT HCHOJB3YeTCS ISl CO3MaHUS ajJTOPUTMOB
HEJIMHEHHOW  (UIbTpallM  BHJICOJAHHBIX, KOTOpble OyayT B JajbHEHIIeM
peain30BaHbl B MPOIIMBKE OPUTHMHAIBHOIO BHJIEOIPOIIECCOPa, MOCTPOSHHOTO Ha
6aze [IJIMC Xilinx.

B nmanpHelimiem 1utaHupyercs cosmaHue SOK ams  ympoimeHuss  pa®oThI
MPOrpaMMUCTa ¢ U300paKEHHEM Kajpa MpH Co3JaHuu Moyl dddexra, co3nanue
OMOIMOTEKN CIEeNUATU3UPOBAHHBIX MOJyJIeH MJis (OPMUPOBAHUSI CTATUCTUKH TIO
00pa0OTaHHBIM BHJICOJIAaHHBIM, a TaKXke JI0padOTKa CUCTEMbI IO HCIOJIb30BaHUIO
Cpa3y HECKOJIbKMX MOJIyNieli 00paOOTKH KaJpoB B PEXHME MOCIEAOBATEIHLHON
00pabOTKH BUICOTAHHBIX.
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DPSS LASERS PRODUCED BY LOTIS TII

V.A. Zaporozhchenko, Y.V. Zaporozhchenko, A.V. Karankevich, VV.S. Mezen,
N.N. Vasiliev, N.A. Tylets, L.A. Fedorov
LOTIS TII, Minsk, Belarus

Production of DPSSL by LOTIS TII was begun in 2003 from release of laser
LS-1321 on crystal LSB:Nd* * with longitudinal pump by the continuous wave laser
diode. The laser had two modifications: Q-CW with passive Q-switching and CW
TEMOO mode. However the given model has not received further the development
owing to a wide scatter of target parameters at a batch production of the laser because
of low quality of used microchips (active elements).

In 2010 the company began development of DPSSL with ns and ps pulse duration
aimed for expansion of laser models and, increase pulse repetition rate (prr) up to
1xHz.

As a result of the carried R&D we propose a line of electro optical Q-switched
(LS-2149) and active mode locking (LS-2152) lasers for scientific applications and
special models for technology and medicine applications. The main output parameters
of lasers are given in Tab. 1.

Model Output A, nm | Prr, Hz | Output energy, | M2 Pulse
mJ duration,
ns
LS-2149-100 | 1064; 532 100 30; 15 5 10
LS- 1064 ;532 100 10; 5 1,5 10
2149TEMO00
LS-2149/213 | 213 500 1 1,5
LS-2149-500 | 1064; 532 500 25; 12 5-7 10-12
LS-2149- 1064 ;532 1000 20; 10 5-7 10-12
1000
LS-1321 531 CwW 70mwW <2 2ns
531; 265,5 Q--CW | 60mwW
QCw 1 mw
10-100
kHz
LS-2152 1064; 532 500 1,2; 0,7 <15 100 ps

Despite of usual DPSSL lasers with prr ~ 1 kHz we use not CW excitation but
pulse pump that allows increasing pump efficiency and optimizing the pump pulse
duration. Nevertheless, it is necessary to note, that development of lasers with prr
more than 100 I'm has demanded the decision of the questions connected to thermal
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effects in active elements that in the certain degree limits a choice of cavity optics
and design of laser resonator. The original laser cavity provides compensation of
active rod birefringence and thermal lens. As a result of our know-how we propose
the following models: TEMOO laser with output wavelength 213 nm for eye
correction system, the technological laser for shaped glasses cutting etc. The DPSS
Laser with active mode locking LS-2152 is further development of reliably
recommending in the market of the flash lamp pumped laser LS-2151 and differs by
compactness and high pulse repetition .rate, keeping all advantages of lamp model:
small jitter, an opportunity of exact synchronization with external devices etc.

All models include a laser emitter, a power supply, thermoelectric cooling unit
and remote control (RC). Laser LS-2152 is completed with the controller and PC.
The control of lasers LS-2149 is made from board RC or PC.

Typical LS-2149 output spot is shown at fig.1.

@ DataRay v6.00R11: Live = WinCamD 44 of 64 Awverage= 1 ‘WI=532.0nm. Pixels=6.70:6.70. Image = 1024 by 1024 Full (Bac... —

Fle Device Palettes Average Filter Camera View Centroid Setup

4+ FEH  XgXpxu F & 1R & a XY LHODEE4S & h & g n2
Delta = 484.6 um Pixel | = 44618 (68.1%)

View = -225 : Tilt = -33

Relative Power: 0.00 Full Range =

[ Ptern On] Trigger delay = 0.000 ms |

[ Imager Gain = 1.0

[ Exposure time = 106.7 ms

2737.7 um 2453.5um
2Wub 1316.0 um 2Wvb 1223.8 um

Scale = 800.0 um/div [Peak=71.6%, B=0.0% Scale = 800.0 um{div [Peak=74.9%, B =0.0%

Image area, drag cursor to desired angle, right dick for options. ... [ SINGLE LEFT CLICK FORCES UPDATE] ...

Fig. 1. LS-2149 second harmonic spot (100 Hz, 16 mJ, 532 nm, near field)
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TBEPJOTEJIBHBIE JIASEPBI C JUOJJHOU HAKAUYKOM
IMTPOU3BOJACTBA JIOTUC TUAN

B.A. 3anopoxuyenko, FO.B. 3anopoxxuenko, A.B. Kapankesuu, B.C. Me3eH,
H.H. Bacunwes, H.A. Toinen, JI.A. ®enopos
JIOTUC THUH, 2. Munck, benapyco

[Ipon3BoACTBO TBEPAOTENBHBIX JIa3epoB ¢ AMoaHOoN Hakaukoil B JIOTUC TN
6bu10 Hayato B 2003 roay c Beimycka ja3epa LS-1321 na kpucramne LSB:Nd3+ ¢
IIPOJOJBHOM HAKa4KOM HENPEPBIBHBIM JIa3epHbIM auoxoM. Jlazep wumen nBe
MoAW(UKAIMKA: HMMIYJIbCHYIO, C TIACCUBHOM MOJIYJSAIHUEH TOOpPOTHOCTH, U
HEIPEPBIBHYIO, PA0OTAIOIIYI0 B OJJHOMOJIOBOM pekume. OIHAKO JTaHHAs MOJENb HeE
MOJIydlJia B JIaJbHEHIIIEM CBOErO pPa3BUTHUs BCJEACTBHE OO0JBIIOrO pazdpoca
BBIXO/IHBIX MAapaMETPOB IMPU CEPUMHOM IMPOU3BOJCTBE M3-32 HEBBICOKOTO KadyecTBa
UCIIOJIb3YEMbIX MUKPOYMIIOB (aKTUBHBIX AJIEMEHTOB).

B 2010 romxy Hauanacs pabota 1o pa3pabOTKe Ja3epoB C JTHUOAHONW HAKAYKON
HAaHO W THUKOCEKYHIHON JUIUTEIBHOCTBIO C LEIbI0 PACIIMPEHUS] ACCOPTUMEHTA
BBIITYCKa€MOM MPOAYKIIUH, YBEIUUEHUS YACTOTHI IOBTOPEHUS UMITYIbCOB 10 1KI 1.

B pe3ynbpTaTe mpOBENEHHBIX MCCIEIOBAaHUU ObLT pa3padoTaH psij Ja3epoB C
ANEKTPOONTUYECKON MOAYJISUMENH JOOPOTHOCTH HAHOCEKYHIAHOW JUIMTEIBbHOCTH
(LS-2149) wm aktuBHOW cuHXxpoHm3ammer wmox (LS-2152) kak misd IIUPOKO
MPUMEHEHUS, TaK U 1I€JIEBOTO HA3HAYCHUsS JJIi HCHIOJb30BAaHUS B TEXHOJIOTUU U
MeauiHe. OCHOBHbIE MapaMeTphl MPEajaraéMbIX CEroAHs Ja3epoB MPUBEIECHBI B
T1abn. 1. B ornuune ot GonbMHCTBA K1l J1a3epoB C JNMOJHON HAKAUYKOW B HAIIMX
MOJEJIAX UCTOJIb3YETCS HE HENMPEPhIBHAS, & UMITYJIbCHAsI CUCTEMA BO30YXAEHUS, YTO
MO3BOJISIET MOBBICUTH I(P(HEKTUBHOCTh MCIOIL30BAHMUSI HAKAYKH M YIPABISTH HE
TOJIbKO dHEPTruel BO30YXKIEHUsS, HO U JUIMTEIHHOCTHIO UMIyJbca Hakayku. Tem He
MEHee, CIeAyeT OTMETUTh, YTO pa3paboTKa Ja3epoB C YaCTOTOH MOBTOPCHUS
uMmiyibcoB Oosiee 100 I'm morpeGoBana pelieHUss BOMPOCOB, CBSI3AHHBIX C
TeIIOBBIMH A ()EeKTaMu B aKTHUBHBIX JJIEMEHTAX, YTO B OIPEACICHHOW CTEICHH
OTPaHUYMBAET BHIOOP KOMIUIEKTYIONIUX JIEMEHTOB U CXEM Pe30HaTOpoB. B cBs3M ¢
BBIIIIECKA3aHHBIM  OblIa  pa3paboTaHa OpUTHMHAIBHAs CXeMa pe3oHaTtopa ¢
KOMIIEHCALIMEN KaK ABYJIydenpenoMmiieHuss AD, Tak M TEIUIOBOM JIMH3BI JEMEHTA. B
pe3ynbTare ObUIM peaNin30BaHbl MOJEIM OAHOMOOBOTO Jia3epa, Jiazepa ¢ BHIXOJHOU
JUIMHOM BOJHBI 213 HM [ O(TanbMOJIOTHH, TEXHOJIOTHYECKOTO Jiazepa IS
(hacoHHOM pe3ku cTeksa U T.14. JIazep ¢ aKTUBHOW CHHXPOHU3AIMEH MOJ U JTUOJHOU
HaKauKou LS-2152 SIBIIIETCSI €CTECTBEHHBIM pa3BUTHEM HaJeKHO
3apEKOMEH/IOBABIIETO ce0si Ha pBIHKE Jlazepa C JjamMiioBod Hakaukodl LS-2151 u
OTJIMYACTCS MaJIbIMU Ta0apuTaMH U BBICOKOM YacTOW TOBTOPEHHUS HWMITYJIbCOB,
COXpaHsisi BCE JIOCTOMHCTBA JAMIIOBOM MOJIETU: MBI JIKUTTEP, BO3MOKHOCTb
TOYHOW CUHXPOHU3AIMHA C BHEHNTHUMHU YCTPOMCTBAMHU W T.J. THUMWYHBIA TPOQIIH
BBIXOJHOTO MyuKa ya3zepa LS-2149 npencrasnen Ha puc. 1.

Bce Mopmenmu  BKIIOYAKOT  JIa3€pHBIA  M3Iy4yaTenb, OJIOK  IUTaHUS,
TEPMOAJIEKTPUUECKYIO CUCTEMY OXJIAXKACHUSI U MyJbT AUCTAHIIMOHHOTO YIPABICHUS
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(Y). Yopasnenue nazepamu npousBogutcs ot mynbta JIY wmm T1K. Jlazep LS-2152
KOMIUTEKTYeTCsl KoHTpouiepom u [1K.

Model Output A, nm | Prr, Hz | Output M? | Pulse
energy, mJ duration,
ns
LS-2149-100 | 1064 100 30 5 10
532 15
LS- 1064 100 10 1,5 10
2149TEMO0 | 532 5
LS-2149/213 | 213 500 1 <1,5
LS-2149-500 | 1064 500 25 5-7 10-12
532 12
LS-2149-1000 | 1064 1000 20 5-7 10-12
532 10
LS-1321 531 CwW 70 mW <2 2ns
531 Q-CwW |60 mwW
265,5 Q-CW |1mwW
10-100
kHz
LS-2152 1064 500 1,2 <1,5 | 100 ps
532 0,7

Relative Power: 0.00 Full Range =

[ (¥tern On) Trigger delay = 0.000 ms |

[ Imager Gain = 1.0

[ Exposure time = 106.7 ms

=
2
3

Scale = 800.0 um/div [Peak = 7/1.6%, B=0.0% Scale = §00.0 um/div [Peak=749%, B=0.0%

e area, drag cursor to desired angle, right cick for options. ...[ SINGLE LEFT CLICK FORCES UPDATE] ...

Puc.1. L.S-2149 (100 Hz, 16 mJ, 532 nm, near field)
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LASER SOURCES OF PULSED EYE-SAFE RADIATION

V.A. Orlovich, V.I. Dashkevich, R.V. Chulkov
B.l. Stepanov Institute of Physics, National Academy of Sciences of Belarus
Minsk, Belarus
E-mail: v.orlovich@dragon.bas-net.by

Pulsed laser sources generating in the eye-safe spectral region (1.4 — 1.8 pum)
find a wide application in environmental protection, range finding, active imagining,
and in several other areas related to the free-space propagation of laser radiation. At
present, there are two main approaches for eye-safe laser developing. The first one
consists in direct lasing in this spectral range. Erbium doped glass is a prime
candidate for the generation of 1.54-um eye-safe radiation, especially when codoped
with Yb** ions. However the thermal conductivity of Er-Yb glasses is very low,
which is disadvantage to create laser systems with high repetition rates. A great deal
of effort has been devoted to the synthesis and research of Er-doped crystals having
the much larger thermal conductivity. Nevertheless, practical realization of high
average-power laser action in Er-Yb crystals meets a number of obstacles. Among
these are the multiphonon 1.5-um luminescence quenching and the low quantum
yield leading to a high lasing threshold.

In view of an imperfection of Er-laser media the second approach based on the
nonlinear-optical conversion of the radiation of neodymium lasers by means of
stimulated Raman scattering (SRS) and optical parametric oscillator (OPO) is widely
used to design eye-safe lasers.

This paper reviews several types of eye-safe laser sources developed by us with
the use of the second approach. The results of investigation of their characteristics are
reported.

Based upon optical schemes, four kinds of eye-safe sources with nonlinear optical
conversion of laser radiation are implemented. In the case of the SRS conversion, so-
called self-stimulated Raman lasers in which a single rod is used for both generating and
converting the laser radiation are realized. A scheme of such lasers is very simple. It is a
two-mirror standing wave cavity including a Nd-doped element and a Q-switch. To
obtain the eye-safe radiation, the laser mirrors are coated to achieve a very high Q-factor
of the cavity at ~1.34 um (*Fs,— *l13, laser channel of Nd ion) and to provide an output
coupler for the 1% Stokes. With the use of an Nd:KGd(WO,), (Nd:KGW) element of
50 mm in length, the natural-air-cooled flashlamp-pumped self-Raman lasers are
designed. Lasers provides eye-safe radiation at 1.538 pum. Under active Q-switching
(LINDO3), the pulse width (FWHM) is 3-5 ns depending on the cavity length. At 7-J
pumping, the energy of SRS pulse is 14 mJ. The divergence of eye-safe radiation at a
level of 86.5 % of the total energy is Opges= 6—7 mrad. Under passive Q-switching
(V**:YAG), the whole integral SRS-pulse of ~15 ns (rod diameter is @=3 mm) or ~25 ns
(D=4 mm) in duration represents an envelope of shorter (~1-2 ns) time-shifted pulses
generated by isolated local parts of the cross-section of active medium. The energy of
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SRS-radiation is ~9(©=3 mm) and ~13 mJ(&J=4 mm). The divergence of eye-safe laser
beam (0 g¢5) does not exceed 12 — 13 mrad.

The diode-end-pumped Q-switched Nd:YVO, self-Raman laser is designed.
The laser emits the 1% Stokes at 1.524 pm. The pulse repetition rate is up to 20 kHz.
The average output power of Stokes radiation reaches ~1 W.

The second type of eye-safe sources is based on the extracavity linear Raman
lasers driven by a separate multimode Nd:KGW pump laser. When the actively Q-
switched flashlamp-pumped pump laser based on @4x50 mm Nd:KGW crystal
operates at the *Fa— Ylyap, transition (A=1.351 um), the eye-safe Raman laser with a
double pass of the pump beam emits the 1% Stokes. The extracavity Raman lasers are
realized with crystalline Ba(NO3), (eye-safe wavelength is A= 1.574 um), a-cut
PbWOQO, (1.538 um) and b-cut KGW. In the case of KGW, the source can use either
the 767.5- (electrical field vector E is parallel Ng crystal axis) or 901.5-cm™ (E || Nm)
Raman frequency shift and converts laser emission into 1.507- or 1.538-um eye-safe
radiation, respectively. It is also possible to generate eye-safe radiation at both
wavelengths simultaneously.

Under extracavity Raman laser, the pump pulse generation and the SRS
conversion of laser radiation are independent processes. By virtue of this the FWHM
of Stokes pulse approximates to the pump pulse width and is ~20 ns. All Raman
lasers provide approximately the same 1% Stokes energy which reaches ~12 mJ at 10
J electrical pump of the source. The divergence of eye-safe beam (6¢gs5) does not
exceed 11 mrad.

For Nd-laser, traditional *Fs/, — *l11/, transition (A~1.06 um) has the higher cross
section and provides a substantially higher pulsed energy output. However, Raman
shift of the frequency of this transition into an eye-safe spectral range requires the
generation of higher order Stokes components than in the case of the “Fa; — *l13, laser
channel, since essential Raman frequency shifts of the SRS crystals lie in the range of
700-1100 cm™. We have realized the eye-safe laser source in which the extracavity
KGW Raman laser converts the multimode radiation of the Q-switched flashlamp-
pumped Nd:KGW pump laser operating at the *Fs, — *l14» transition into the 3"
Stokes at 1.5 um (E || N, geometry of SRS excitation). The optical coatings of
Raman laser mirrors ensure the development of a cascade SRS process ending in the
3" Stokes. At the KGW and Nd:KGW crystals with dimensions such as in the case of
the *Fa» — *l1a» transition, Raman laser emitting the 3" Stokes provides the higher
power and energy of the pulse (~ 14.2 mJ) and the smaller divergence of the Stokes
beam (0ggss ~ 9.4 mrad), besides at the lower pump energy of Nd:KGW laser
(~6.7J). In terms of the electrical energy delivered to the flashlamp the total
efficiency of the 3" Stokes Raman laser is ~ 1.7 times larger. For the 3" Stokes, the
pulse width depends on its energy. When the pulse energy increases from 6 to 14 mJ,
the pulse width decreases from 12 to 6 ns. The Raman laser pumped by Nd:YAG
with lateral diode pumping is also investigated.

The third type of eye-safe sources is based on the intracavity Raman laser or
OPO. The eye-safe source with the intracavity KGW Raman laser which converts the
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multimode radiation of the pulsed Nd:KGW laser operating on the “Fsp — *lip
transition into the 3" Stokes component at 1.5 um are realized. The energy in the eye-
safe 3" Stokes is found to increase essentially linearly with the electrical energy
delivered to the flashlamp. For the source pump energy of 6 J, the intracavity Raman
laser emits 14.7 mJ pulses of duration ~3 ns. The divergence of the Raman laser
beam is 0g ge5=9 mrad.

The last type of eye-safe sources is based on the extracavity Raman laser or OPO
operating in the traveling-wave mode due to ring cavity. The ring cavity is advantageous
to design compact laser systems since there is no optical feedback from the nonlinear
converter (the optical isolator is not needed). The ring cavity, which consists of three
plane mirrors, is used. The optical axial contour of the ring cavity is an equilateral
triangle. The ring 1% Stokes KGW Raman laser pumped by mentioned above Nd:KGW
laser operating at the *F;, — *l:3,, transition is realized. The three KGW rods used have
the size of 2.8 x 22 mm. They are oriented for Ny-polarezed pumping (A;s=1.538
um). In ring Raman laser, the presence of the parasitic Stokes radiation generated by the
Fresnel reflection back along the path of pump beam leads to the formation of two
Stokes waves propagating in opposite directions in the cavity. When eliminating the
parasitic Stokes radiation by tilting the ends of the SRS-crystals on 2 - 4 degrees with
respect to the cavity axis, the ring Raman laser provides the stable unidirectional
generation of the Stokes wave travelling in direction of the pump without any intracavity
optical diode. At ~10-J energy supplied to the flashlamp of the pump laser, the ring
Raman laser generates 7-mJ, 15-ns pulses with 20 % energy conversion efficiency, the
divergence of the Stokes radiation being less than 5 mrad.

Due to the direct conversion of traditional 1-um emission of the Nd-laser into
the eye-safe radiation, the OPO based on KTP (KTiPO4) crystal is an effective
alternative to Raman lasers. We have created the eye-safe sources based on a
travelling wave KTP-OPO pumped by the flashlamp-pumped water-cooling Q-
switched Nd:YAG pump laser generating 9-ns pulses at a repetition rate of 10-12.5
Hz. KTP crystals providing type Il non-critical phase synchronism along the x-axis
(0=90° ¢ = 0°) are used. The length of the KTP crystal is 15 mm. At electrical
pumping energy which does not exceed 8 J, the source generates radiation pulses
with energy of up to 35 mJ and the duration of ~11 ns.

The output wavelength of the KTP-OPO with pumping by radiation at A=1.064
um is 1.571 um. The long-term operation of the source pumped at 6.5 J is a strong case
for its reliability At the continuous operation, the OPO pulse energy has been monitored
for more than three-hour intervals that have been separated by an one-hour pause. The
average OPO pulse energy of ~25 mJ remains practically constant with a standard
deviation of 0.74 mJ. At the output energy of ~25 mJ, the divergence of the OPO beam
is less than seven diffraction limits. The fabricated source model with the ring OPO has
produced 2.5-million pulses without a substantial change in the characteristics of the
output radiation. In some experiments, the Nd:YAG laser with transverse diode
pumping is used.

Reasons limiting energy of a ring three-mirror KTP-OPO are revealed. The
ways to increase KTP-OPO energy up to ~80 mJ are developed.
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JIABEPHBIE UCTOYHUMKU BE3OITACHOI'O
JJIA TUIA3 UMITYJIBCHOI'O U3JIYYEHU A

B.A. Opnosuu, B.U. [JamkeBuy, P.B. UynkoB
Hnemumym uzuxu umenu b.1. Cmenanosa
Hayuonanvnou Axaoemuu nayx benapycu, 2. Munck, berapyco
E-mail: v.orlovich@dragon.bas-net.by

WmmynbcHbIE Jla3epHble UCTOYHHMKH, TEHEPUPYIOIIEe B OE30MacHOM IS IJia3
nuarnasoHe crnekrpa (1,4 — 1,8 MkM), HaXOIIT IUPOKOE MPUMEHEHUE B O0JIACTH OXPaHbI
OKpY’KaloIllel cpefbl, JaIbHOMETPHUM, PAclO3HAaBaHUM OOBEKTOB M B psAle APYTUX
oOnacTell, CBA3aHHBIX C pPaCIPOCTPAHEHHEM JIA3€PHOTO U3JIYyYEHHsI B CBOOOJHOM
OpocTpaHCTBe. B HacTosIIee BpeMs CyILIECTBYET JIBa OCHOBHBIX MOAX0AA K pa3paboTKe
Oe3onacHbIX s U1a3 JiazepoB. [lepBblld MOAXO OCHOBAaH Ha MPSMOWM TE€HEpaluu B
MaHHOM obOmacty crnekrpa. OCHOBHBIMU JIa3€pHBIMUA  CpellaMu JJIsi  TeHepaluu
0e30macHOro Juid 171a3 U3JIy4eHHUs Ha JUIMHE BOJHBI 1,54 MKM SIBISIFOTCA JIESTUPOBAHHBIE
opOHEM CTEKTa, OCOOCHHO KOIJAa OHH CONCTHpOBaHBI HMOHamu Yb®'. OpHako
TEIIONPOBOAHOCTH Er-Yb cTekon oueHp HU3Ka, 4TO MPENSITCTBYET CO3/IaHUIO JTa3€PHBIX
CUCTEM C BBICOKOM YacCTOTOM TIIOBTOPEHUS HWMITYJbCOB. MHOro ycuinuii ObUIO
HaNpaBJICHO Ha MOUCK M HuccienoBaHue Er-copepikalmx KpHCTAILIOB, OOJIAAAIOIINX
ropaszio OoJbIIEH TEIUIONPOBOAHOCTEIO. TeM He MeHee, MPaKTUYecKas peanu3alus
BBICOKOW MOIIHOCTH JIa3epHOro u3nydeHus B Er-Yb kpucramiax crankubaercs ¢ psiiom
TPYIHOCTEH, CpeAr KOTOPBIX MHOTO(OHOHHOE TYIIEHHE JIFOMUHECLUEHIMH W HU3KUil
KBAaHTOBBIN BBIXOJ[, BEAYLIMI K BEICOKOMY IIOPOTY T€HEPALIUH.

BBuny HecosepiienctBa Er-mazepHbix cpes aist pa3paboTKu Oe30MacHbIX AJis
IJ1a3 Ja3€pOB IIMPOKO HUCIOJIB3YETCS BTOPOU IMOJAXOJ, OCHOBAHHBIM HA HEJIWHEWHO-
ONTHYECKOM NPeoOpa3oBaHUM M3IYyYEHUs HEOJMMOBBIX Ja3€poB C MOMOUIBIO
BBIHY)KJIEHHOTO ~ KoMOuHanmoHHoro paccesnuss (BKP) wu mapamerpuueckoi
renepanuu cgeta (I1I°C).

B nHacTod1eM nokiaae paccMaTpuBaIOTCS HECKOJIBKO THUIOB O€30MacCHBIX IS
rJ1a3 JIa3epHbIX HMCTOYHUKOB, Pa3pabOTaHHBIX HAMHU C HCIIOJIB30BAHUEM BTOPOIO
MO/IX0/1a, ¥ COOOUIAIOTCA PE3YNbTAaThl UCCIEAOBAHMS UX XapaKTEPUCTHK.

Ecnu knmaccuguuupoBath ONTUYECKHME CXEMbI, TO PEAIM30BAHO YEThIpE THUIA
0e30MacHbIX JJs IJ1a3 HWCTOYHUKOB C HEIMHEWHO-ONTHYECKUM IpeoOpa3oBaHUEM
nazepHoro wm3nydeHus. B cmydae BKP mnpeobOpazoBanmsi peann3oBaHbl Tak
HaszbiBaeMmbie Jazepbl ¢ BKP-camonpeoOpasoBanueM, B KOTOPBIX I T€HEPAIUH H
npeoOpa3oBaHus JTa3epPHOTO HM3ITYUYCHHsSI MCIOJB3YETCSl OJUH JIa3epHBIA CTEpPKEHb.
CxeMa Takux JIa3epOB OYEHb MPOCTa. JTO JABYX3EPKAJIBHBIM PE30HATOP CTOSYEH
BOJIHBI, cojepkamuii Nd-JIerupoBaHHBIN AIEMEHT U MOIYJIATOP A0OpoTHOCTH. Jlist
MOJIy4eHUs: 0€30MacHOTO JUIsl TJla3 M3JIy4YeHHUs, 3€epKaja HM3rOTOBJIEHbI TaKuUM
00pa3oMm, 4TO CO3JaeTCs OYEHb BHICOKAs JOOPOTHOCTh pe3oHaropa Ha A~ 1,34 Mkm
(4F3/2— 4I13/2 na3epHbiii kaHan Nd nona) u obecnieunBaeTcsi TpeOyemMoe OTPaKEHUE IS
u3nydeHust 1-oif crokcoBoir KomroHeHTBl. C wucmonb3oBanueM Nd:KGd(WO,),
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(Nd:KGW) snemenTa anunoit 50 mm cozpansl BKP- camomnpeo6pasytoiiue ma3epsl ¢
JAMIIOBOM HAKA4YKOM M €CTECTBEHHBIM BO3AYIIHBIM OXJaxaeHueMm. Jlazepsl
oOecreunBalOT Oe30macHoe ISl TJ1a3 M3JIydeHue Ha JiiuHe BoiHbl 1,538 mxM. [lpu
akTuBHOUM Mopmyisiuuu goOpotHoctu (LiNbO3), mmutensHocTh ummynbca (FWHM)
COCTaBIIET 3-5 HC B 3aBUCMMOCTH OT JUIMHBI pe3oHaTopa. IIpu Hakauke 7 JIx
sHeprus BKP unmnynsca paBusierca 14 m/Ix. PacxonuMocTts Ge3omacHoro s rias
U3NydyeHust Ha ypoBHe 86,5% monHoi sHeprum 0Ogges coctaisier 6 - 7 mpan. [lpu
MMaCCUBHOM MOJYJISIUU JOOPOTHOCTH (V**:YAG) nHTerpanbHbii  BKP-ummynsc
JUTATENBHOCTRIO ~ 15 He (muameTp crepxkHs & = 3 MMm) wim ~ 25 He (K = 4 MM)
npenacTaBisger co0oi orubdarIyto KOpoTkux (~ 1 — 2 HC) CIBUHYTHIX BO BpEMEHHU
MMIYJbCOB, TEHEPUPYEMBIX OTACIbHBIMU JIOKAJIBHBIMH YYaCTKaMH MONEPEYHOTO
cedeHusl aKTUBHOU cpenbl. DHeprus BKP-uznydenus cocraBuser ~ 9 (& =3 MMm) u
~ 13 mJIx (& = 4 mm). PacxoaumocTs Tiydka 6€30TacHOTO I TI1a3 Jazepa (0 ges) HE
npessimaet 12 - 13 mpag.

Coznman  ummynbcHbii Nd:YVO,; mnazep c¢ BKP-camonpeo6pazoBanuem,
MMEIOIIMKA TPOJNOJBHYI0 JUOAHYI0 Hakauky. Jlazep wusmywyaer 1-10 CTOKCOBY
KOMITOHEHTY Ha JUIMHE BOJIHBI 1,524 Mkm. HacTtoTa moBTOpeHust MMITysibcoB 110 20 kI
CpenHsis BBIXOJIHASI MOIIIHOCTh CTOKCOBA M3JIy4YeHUs JocTuraet ~ 1 Br.

Bropoii Tun 6e30macHbIX 1 TJ1a3 HCTOYHUKOB OCHOBAH Ha BHEPE30HATOPHBIX
BKP-na3zepax ¢ JMHEHHBIM PE30HATOPOM, BO30YK/Ia€MbIX H3JIYYCHHEM OTACIBHOIO
mHoromogoBoro Nd:KGW nazepa nakauku. Jlazep nHakauku Ha kpucramie Nd:KGW
pazmMepoM J4x50 MM UMeEeT aKTUBHYIO MOMAYJSIIHIO JOOPOTHOCTH W JIAMIIOBYIO
nakauky. Koraa nasep Hakauku paGoTaer Ha mepexone Fap— ‘lizn (A = 1,351 Mxm),
6e3onacHblil s rina3 BKP-mazep ¢ AByXmpoxogHbIM MyYKOM HAKauyKd Te€HEPUPYET
MEPBYI0 CTOKCOBY KOMIIOHEHTY. BHepesonaropueie BKP-nazepsl peann3oBanbl Ha
kpuctaiax Ba(NOs), (mmHa BOJHBI 0€30MMaCHOTO ISl TUIa3 M3IydeHUs Ajsy paBHA
1,574 mxm), PbWO, a-cpe3a (1,538 mxm) u KGW Db-cpe3a. B cinygsae KGW
HMCTOYHUK MOKET HCIOJb30BaTh JMO0 767,5-(BEKTOp dJIEKTpUYECKOTO Tmoyst F
napamiened Ny ocu kpucramna) uwin 901,5 cm™ (E || Np) BKP caBur gactotsl u
npeoOpasyeT Ja3epHOe M3IydeHHe B Oe30MacHoe s IJla3 U3JIydYeHHE C JUIMHAMU
BosH 1,507 m 1,538 MKM, cooTBeTcTBEHHO. Kpome TOro, BO3MOXKHa TreHepalus
0e30macHOro JIJIsl TJ1a3 U3Iy4YeHUs Ha 00€UX JJIMHAX BOJH OJHOBPEMEHHO.

B cnyuae BHepe3onaropHoro BKP-mazepa renepauus umitynbca Hakauykd U
BKP-nipeoOpazoBanue 1a3epHOTO U3ITyUYEHHUS SIBISIOTCS HE3aBUCUMBIMU MTPOLIECCAMM.
B cuny sroro gnurensHocts BKP umnynbca npuOanM3UTeNbHO paBHA AJIUTEIBHOCTH
uMIyibca Hakauyku u coctaBisier ~20 Hc. Bcece BKP-mazepsl oOecneunBaroT
MPUMEPHO OJMHAKOBYIO DHEPIrUI0 M3JIyYEeHHUs TIEPBOM CTOKCOBOM KOMIIOHEHTHI,
KoTtopass nocturaer ~12 m/[x npu snexkrpuueckol Hakauke wuctoyHukalO JIx.
Pacxomumocts 6e3omacHoTo Ais 11a3 u3nyueHus (0p ges) HE mpeBbimaet 11 mpa.

Jns  Nd-copepkammx Jia3epoB, TPaJAUIIMOHHBIN TEepexo Fap — *lup
(A~1.06 mxM), wmMeeT OoJiee BBICOKOE IIOTNEPEYHOE CEYCHHE M O00eCIeYynBacT
CYLIECTBEHHO 00Jiee BHICOKYIO YHEPIHI0 UMITYJIbCHOTO u3nyuyeHus. Oanaxo nius BKP
C/IBUTa YaCTOTHI JAHHOTO Nepexo/ia B 0€30MacHbIH IS I71a3 CIEKTPaIbHbINA AHANa30H
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TpeOyeTcss reHeparisi CTOKCOBOW KOMIIOHEHTHI 00Jiee BBICOKOTO IMOPSIKa, YeM B
cllydae J1a3epHOro KaHana Fap — ‘ligp, MOCKONBKY HcHomb3yembie BKP cusurm
yactor BKP xkpucramioB nexar B auanazone 700-1100 emt. Hamu cO3J1aH
0e30macHbI ISl TJ1a3 Ja3epHbli MUCTOYHHK, B KOTOPOM BHepe3oHaTopHbi KGW
BKP-nazepa mnpeoOpasyer wmHoromomoBoe wu3nydeHue NdA:KGW  nazepa,
pabotatomiero Ha mepexose "Fsp — ‘liys, B 3-10 CTOKCOBY KOMIIOHEHTY C UTHHOI
Bosubl 1,5 mMkM (E|N,, reomerpust Bo3Oyxaenuss BKP). Jlazep Hakauku umeer
AKTUBHYIO MOYJISIIAIO TOOPOTHOCTH M JIAMITOBYIO Hakauky. ONTHYECKUE TIOKPBITHUS
sepkai  BKP mazepa obecmeunBaroT pasButue kackagHoro BKP mpomecca,
3aKaHYMBAIOIIETO TeHepaluei 3-if ctokcoBoi kommnoHeHThl. Ecimu kpucramisr KGW
u Nd:KGW wumeror pasmepsl, Takue ke, Kak B cllydae mepexoja 4F3/2 4 1312, BKP
Jazep 3-eif CTOKCOBOM KOMIIOHEHTHI OOecreyrBaeT 0oJiee BBICOKYIO MOIIHOCTh H
sHepruto ummyisca (~14.2 mJI>)X) ¥ MEHbBIIYI0 PpPacXOJUMOCTh CTOKCOBA ITy4Ka
(00.865 ~9,4 Mpas ), kK ToMy ke mpu OoJsiee HU3KOM Hepruu Hakauku Nd: KGW naszepa
(~ 6.7 J). C ToukH 3peHHs IEKTPUUYCCKON SHEPTHH, MOJBOJMMOM K JIaMIIe HAKa4yKH,
nonsbid KII/I mazepa 3-eii cTOKCOBOM KOMITOHEHTHI B 1,7 pa3 Bwimie. /[nurenbsHOCTD
MMITyJIbCa 3-€ CTOKCOBOM KOMIIOHEHTBI 3aBHUCHUT OT €ro sHepruu. Korma sHeprus
MMITYJIbCA YBENUUUBAETCS OT 6 10 14 M/K, IIUTENBLHOCTD UMITYJIbCA YMEHBIIIAETCS OT
12 no 6 uc. Taxxke uccnenoan BKP-nazep, Bo30yxkaeHHE KOTOPOro MPOBOAMIOCH
Nd:YAG na3epom ¢ norepeyHol JHOTHON HAaKauKOMH.

Tperuit Tun  Oe3omacHbIX  JUid  IJJa3  HWCTOYHUKOB  OCHOBaH  Ha
BHyTpupe3oHaropHoM BKP-nazepe wmu [1I'C. Coznan 6e30macHsbliif 151 171a3 UICTOYHUK
¢ Buytpupe3onaropubiM KGW BKP-nazepom, koTopslii mpeoOpa3zyeT MHOTOMOIOBOE
n3mydenns ummyiascaoro Nd: KGW nasepa, paGotaroutero Ha nepexone B “Fap— *liip,
B 3-10 cTOKCOBY KommoHeHTy (1,5 MkM). YCTaHOBIIEHO, YTO SHEPrUsi OC30MACHOM IS
ryia3 3-eil CTOKCOBOIl KOMIIOHEHThI MTPAKTUYECKH JIMHEHO BO3PACTAET C YBEIUYEHUEM
IEKTPUYECKON SHEPruv, MOJBOJAMMOM K JjlaMIle Hakayku. [Ipy sHEprum Hakayku
ucrounnka 6 [k, BHyTpupe3oHaTopHblii BKP-nmazep wuznydaer wuWMOyJbChl C
sHepruetil4,7 Mk nmurenbHOCTBIO ~ 3 HC. Pacxomumocts myuka BKP nazepa (0 ggs)
cocTaBiiseT 9 Mpa.

[locnennuii Tum Oe€30MaCHBIX JJisi IJIa3 HWCTOYHUKOB OCHOBAaH Ha
BHepe3oHatopHoM BKP-nazepe wim I1I'C, pabGortaromux B pexkxume Oeryiieid BOJIHBI
Oylaromapsi HCMOJB30BAHHMIO KOJIBIIEBOTO pe3oHaTopa. KomblieBble pe30HATOPHI
MO3BOJISIET CO3/]aBaTh KOMIIAKTHBIC JIA3€PHBIE CHUCTEMBI, MOCKOJBKY YCTPAHSIOT
ONTHYECKYI0 OOpaTHYIO CBSI3b C HEJIMHEHHBIM TpeoOpa3oBatenem (He TpeOyercs
onTUYeCcKass pa3Bsizka). Vcmoyib3yeTcsi KONbIEBOW PE30HATOP, COCTOSIIHMI U3 Tpex
IJIOCKUX 3epKaji. ONTHYECKUI OCEBOM KOHTYP KOJIBLEBOTO PE30HATOPA MPEICTABISAET
coboii paBHOCTOpoHHUM TpeyroabHUK. Co3man konbleBor KGW BKP-nazep,
M3JIydaromuil 1-10 CTOKCOBY KOMIIOHEHTY MpHW HaKayke YMOMSHYTHIM Bbiiie Nd:
KGW nazepom, paboTtaromnium Ha epexo/ie *Fapp— *lyap. N cnons3yroTcst TpU CTEPKHS
3 KGW, wumeromme pasmepsl & 2,8 x 22 MMm. OHH OpHEHTHPOBAHBI JIA
ocymiecTBiieHus: Hakauku B reomeTpud E|Ny, (Aisy = 1,538 mxwm). Hanmumuwe B
konpuieBoM BKP nmazepe mnapa3suTHOro CTOKCOBAa H3IY4YEHHs, T€HEPUPYEMOIO
(dpeHeNneBCKUM OTpaKeHHEM B 0OpaTHOM HAIMpPABJICHWU BIOJIb MYTH My4Ka HaAKaYKH,
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NPUBOANT K  OOpa3oBaHWUI0O B pe30HATOpe  JBYX  CTOKCOBBI  BOJIH,
pPacIpOCTPaHAIOMIMNXCS B NPOTUBOMOJIOKHBIX HamnpaieHusax. [lpu ycrpaneHun
apa3uTHOTO CTOKCOBA U3JIy4YeHus MmyTeM HakiioHa TopiioB BKP -kpuctamios Ha 2 - 4
rpajayca Mo OTHOIIEHHIO K OocH pe3oHaTopa koiblieBoii BKP-nazep oGecneunBaet
CTaOMIIbHYIO OJIHOHANPABJIEHHYO TeHEepaluo CTOKCOBOU BOJIHBI,
pacnpocTpaHsifolielics B~ HampaBJIeHWM  Hakayku, 0€3  MCIOJb30BAHMS
BHYTPUPE30HATOPHOTO ONTHUYECKOr0 BEHTWJIA. [Ipm moaBoaMMON K JaMmIie jazepa
Hakauku oHHeprun -~ 10 JIx xombueBoir BKP-mazep renepupyer ¢ 20%
3P PEeKTUBHOCTHIO MPe0OPa30BaHMs SHEPTUN U U3Ty4aeT UMITYJILChI ¢ dHeprueit 7 m/x
U JUIUTENIBHOCTHIO 15 HC. PacXoauMocCTh CTOKCOBA M3IIyYEHHUS COCTABIISIET MEHEE 5
Mpag.

B cuny mpsiMmoro mpeoOpa3oBaHus TPagulMOHHOTO 1-MkM wu3mydenHus Nd-
nazepoB B Oe3omacHoe st ria3 usnydeHue [II'C Ha ocHoBe kpuctawuia KTP
(KTiPO4) sBnserca sddextuBHoM anbrepHatuBoii BKP-mazepy. Hamu co3zgan
Oe3omacHpId JJ11 a3 UcTouyHMK, ocHOoBaHHBIM Ha KTII-III'C Oeryiieit BOJHBI,
Hakauka kotoporo ocymectBiusiercss Nd:YAG-nmazepom ¢ MOAylIHpyeMoit
JOOpPOTHOCTHIO, HUMEIOIIMM JIAMIIOBYIO HAaKauyky U BOJSHOE OXJIAXKICHUE W
TEHEPUPYIOITUM UMIYJBCHI ¢ JUIUTETLHOCTHIO 9 HC U yacToToM moBTOpeHust 10-12.5
I'n. Ucnionw3yrorcs Tpu kpuctaiuia KTP, ob6ecnieunBaromue 11 TUm HEKpUTHYECKOTO
¢azoBoro cuaxponusma B0k ocu X (0=90° ¢ = 0°). Jlnuna xpucramaa KTP 15 mm.
IIpy 35IeKTpUYECKON PHEPTHM HAKadyK{, KOTOpas He mpeBbiuaeT 8 /K, MCTOYHHK
TeHEpUPYET UMITYJIbChI M3ITy4eHus ¢ 3Hepruen 1o 35 M/ u pmrensHOCThIO ~ 11 He. B
psje SKcrepuMeHTOB MbI Hcmonb3oBain Takke NA:YAG masep ¢ momepedHoi
JTUOJHOM HAaKaYKOM.

Jumunaa Bomabsl KTII-III'C npu nHakauke wusnydenuem Ha A= 1,064 Mkm
coctaBiser 1,571 wMxm. BeckuM [J0BOAOM BBICOKOM HAJCKHOCTH MCTOYHHMKA
SIBJISIETCS €0 JOJIrOcpouHas pabota npu Hakauke 6,5 [[x. [Ipu HenpepbIiBHOM paboTe
sHeprusi umnyibca I[II'C koHTposMpoBaiach B TEUEHUM 00JIE€ TPEXUaCOBBIX
IIPOMEXKYTKOB, pa3AcIeHHBIX YacoBor nay3o0u. [Ipu mnurensHon skcruryarauu [11'C
CpedHsisi 3HEPruM uMIiyibca ~ 25 M/ ocraBanach NpakTUYECKU MOCTOSHHOW CO
ctanaaptHeiM oTkJIoHeHUeM 0,74 m/x. Ilpu BeixomHo¥ »Hepruum ~ 25 MJIK,
pacxogumocTh myuka [II'C Obuta MeHbIe ceMH AUPPAKIIMOHHBIX MPEACIIOB.
Coznannbiii MakeT uctouHuka ¢ koibleBbIM [II'C obecneunn Hapa®oTKy 2,5 MIIH.
HUMITYJIHCOB 0€3 CYIIIECTBEHHOTO M3MEHEHUS XapaKTEPUCTUK BBIXOJHOTO U3TYYCHHUS.

BrisiBneHbl NPUYUHBI, OTpaHUYMBAIOIINE SHEPIUIO KOJIBLIEBOT'O
tpexzepkaibHoro KTII-OIIl'. Pa3pabGotansl mytu moBbimenus 3Heprun KTTI-OPO
1o ~ 80 mJIx.
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WATER-IN-OIL METER BASED ON LED-SPECTROSCOPY

V.V. Kabanov, E.V. Lebedok, D.M. Kabanov, K.I. Lantsov, A.G. Ryabtsev
Institute of Physics of National Academy of Sciences of Belarus, Minsk, Belarus

The device designed to a measurement of water concentration relative to oil
media is presented; it is applied for pipelines and laboratories. The device operation
Is based on principle of selective absorption of the LED mid-infrared radiation by
water and oil. To account for the radiation scattering at impurities and water-oil
boundaries the additional LED is used. The radiation of this LED is not selectively
absorbed by water and oil.

The range of water concentration measurement is from 0.2 to 50 % for ambient
temperature range from +10 to + 40 °C. The device dimensions: length is of 91 mm,
width is of 70 mm and height is of 56 mm. There is possibility to extend the ambient
temperature range of the measurement with some dimensions increasing.

COJIEP’)KAHUS BOJbI B HE®@TH HA OCHOBE CBETOJIUOJHOM
CIIEKTPOCKOIIMHN

B.B. Ka6anos, E.B. Jlebenoxk, JI.M. Kadanos, K.W. Jlanmos, A.I'. Psg61ieB
Uncemumym ¢uzuxu Hayuonanvnoii Axaoemuu nayx benapycu, e. Munck, benapyco

[IpencraBnen npubop, npeaHa3HAYEHHBIN I U3MEPEHMSI COJIepKaHUs BOJbI B
HepTH [ TPOTOYHBIX CHUCTEM UM JabopaTopHbIX H3MepeHuid. Paborta mpubopa
OCHOBBIBAETCSI HA NMPUHLHUIIE CEJICKTUBHOTO TOTJIONIEHUS U3JIyYeHHUS! CBETOJUOIOB
cpenneii nHppakpacHor odmactu criekrpa (1,5-2,0 Mkm) HedThIO U Bo0#. C 11eNbI0
y4eTa paccesHHs] U3Iy4YeHHUs Ha MPUMECAX U TpaHULAaX BoAa-HE(Th HCIONb3YEeTCS
JOTIOJTHUTENbHBIA CBETOAUO/I, M3JIyYEHHE KOTOPOrO CEJIEKTUBHO HE MOTJIOMIAETCs
BOJION U HE(DTHIO.

Jlnarmma3oH u3MepsieMbIX BEIMYUH KOHIIEHTparmid Bosl B HedTu: ot 0,2 10 50 %
npu Temreparypax okpyxatomeid cpeast ot +10 mo +40 °C. I'aGaputel npubopa:
mmHa 91 MM, mwmpuHa 70 MM, Bbicota 56 MM. CylllecTBYeT BO3MOXKHOCTh
YBEJIMYEHUSI TEMIEPAaTypHOTrO MHTEpBajia M3MEPEHUN MPH HEKOTOPOM YBEITUYECHUU
rabapuToB pudopa.
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POWERFUL DIODE PUMPED LASERS FOR LIDAR AND ILLUMINATION
SYSTEMS

V.V. Kabanov, K.V. Lepchenkov, G.l. Ryabtsev, M.A. Shchemelev
Institute of Physics of National Academy of Sciences of Belarus, Minsk, Belarus

The versions of neodymium diode pumped laser systems with air cooling are
presented. The output energy of the Q—switched laser emitter reaches the value of
400 mJ (at 1064 nm). In the three wavelength operation mode the developed laser
forms the pulses characterized by energies of 170, 150 and 80 mJ at the wavelengths
of 1064, 532 and 355 nm respectively. The output pulse duration is equal to 8-11 ns
at the repetition rate of 10 Hz. The multiwavelengths laser emitter is effective for
application to the aerosol lidars with the probing range of up to 40 km.

Characteristics of the laser emitters operated in the blue—green spectral region
are discussed with regard to underwater communications.

For the eye—safety spectral region (1.5-1.6 um) compact erbium lasers (output
energy of 2-8 mJ, repetition rate of 1-5 Hz) and optical parametric oscillators (output
energy of 25-50 mJ, repetition rate of 1-60 Hz) are proposed.

As a new promising model, an example of the diode pumped lasers aimed for
an ignition of rocket fuel is shown. Laser emitters of that type can be also used for the
object illumination (when the adverse weather conditions are met) and laser spectral
analysis purposes. It is shown that in the last case the specialized double—pulsed laser
emitters are the most effective light sources.
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MOIIHBIE JIAZEPBI C JJUOJHON HAKAYKOM JJIsI CHCTEM
3OHANPOBAHUA U TOACBETKH

B.B. Kabanos, K.B. Jlemuenkos, I'.I1. Psg6ues, M.A. lllemenes
HUnemumym ¢uszuxu HAH Benapycu, 2. Munck, berapycs

[IpencraBneHsl BapuWaHTbl HEOJAMMOBBIX Ja3€pHBIX CHCTEM C JUOJHOMN
HAKaYyKOM ¥ BO3AYIIHBIM OXJaXACHHEM. B pexume Moaymsuuu J0OpOTHOCTH
SHEPIUs BBIXOAHBIX UMITYJILCOB JIazepHOro uanydarens gocruraet 400 mx (1064 Hm).
[Ipu opHOBpeMEHHOW TeHepauuu TpeX [JIMH BOJH H3Iydarelb (opMUPYET
MMITYJIbCBI M3Ty4YeHus Ha JyinHax BojaH 1064, 532 u 355 um ¢ sueprusmu 170, 150 u
80 m/[x cooTBeTCTBEHHO. JNTMTETBHOCTh UMITYJILCOB U3IyYEHHUsI cocTaBiseT 8—11 He
npu yacrore cienoBanuss 10 I'm. MHOroBOJHOBOM JIa3epHBIM  M3IIy4aTelNb
3¢ (deKTUBeH A1 NPUMEHEHHUS B COCTaBE a’pO30JIbHBIX JIMJAPOB C JaJIbHOCTHIO
30HaUpoBaHus aTMocdepsl 10 40 kM.

OOcyxalTcsd XapaKTepUCTHKHU JIA3€pHBIX M3JIydaTeleil Ha CUHE—3EJICHYIO
CHEKTPAJIbHYIO 00JIaCTh AJIsi yCTPOUCTB MOABOJHON CBA3H.

Jlnst ycnoBHO 6e30macHOro  CrekTpalibHOro auamna3zoHa (1,5-1,6 wmkm)
MpeIaraloTcsd KOMMIAKTHbIE 3pOUEBBIE Jia3zepbl (PHEprus HMMIyJIbcoB 2—8 MJ[K,
yacToTa CJIeIOBaHud UMITyJIbcoB 1-5 I'm) m mapamerpuyeckue TreHepaTopbl CBETa
(aneprus ummynbcoB 25— 50 M/[x, yactoTa cieqoBaHust UMIysIbcoB 1-60 I').

B kauecTBe HOBOW MEPCIEKTUBHOM pa3pabOTKU MoKazaH oOpasel] Jiazepa C
JIVWOJHOW HAKA4YKOW JJIsl TOJDKATa PAKETHOTO TOIUIMBA. Takoro Tuma ja3epHbIC
U3JIydaTeld MOTYT HCIOJNb30BaThCid TaKXKe B CHUCTEMax TOJACBETKH (IpH
HEONAronpuUsITHBIX TOTOJHBIX YCIOBUSAX) W JIA3€PHOrO CIEKTPAJIbHOTO aHaJM3a.
[Toka3piBaeTcsi, 4TO B TMOCJIEAHEM ciydyae HauOosee 3G(EKTUBHO NPUMEHSThH
CHEUaIN3UPOBAaHHBIE IBYXUMITYJIbCHBIE JIA3E€PHBIEC U3IIy4aTEIN.
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LASERS PUMPED BY INJECTION INGAN LASERS

E.V. Lutsenko
Institute of Physics of National Academy of Sciences of Belarus, Minsk, Belarus
E-mail: e.lutsenko@ifanbel.bas-net.by

Development of the growth technology of nitride compounds allows now to
create efficient lasers emitting in the violet and blue regions of the spectrum. There
are currently on the market "violet" InGaN laser diodes emitting in the spectral range
of 400-415 nm in a continuous wave mode with power value of 0.5 W (Opnext
HL400023MG) and even 1.2 W (Nichia NDV7375E). The output power of
commercially available "blue" InGaN laser diodes emitting in the spectral range of
435-455 nm reaches 2 W. Laser diodes NDB7875 of Nichia firm in 9 mm housing
have an operational emission power of 1.6 W and LDs PL TB450 of the OSRAM
company have 1.4 W. Although output power of these lasers is inferior to infrared
laser diodes, it is sufficient for pumping many promising laser media having
absorption in the violet-blue regions of the spectrum.
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Fig. 1. Spectra and pulsed emission power of microchip laser (inset) as functions of
injection current

On the base of InGaN pumping laser diodes, emitting in the blue region of the
spectrum and optically pumped heterostructure lasers with an active region consisting
of ZnCdSe quantum dot insertions in ZnSe quantum wells, enclosed into a graded
index superlattice waveguide, we have created miniature lasers emitting in the green
[1] and blue-green (fig. 1) [2] spectral range. It should be noted that InGaN laser
diodes are limited currently to wavelengths < 540 nm.

Prospects of studies in this direction and possibility of using such lasers for
multimedia picoprojectors is confirmed by the report [3].
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Use of only one cylindrical microlens for focusing the pumping emission of
excitation laser diode in the direction perpendicular to the heterostructure allowed to
miniaturize these lasers as much as possible and create a microchip laser with a size
of standard housing TO-18 (5.6 mm) of the laser diode (fig. 2a). Application of
current pulses shorter than 10 ns for excitation of InGaN pumping laser diodes
allowed to reduce overheating of the active region of the laser diode and to enhance
respectively their output pulse power up to 10 W without visible signs of degradation.
This in turn allowed to reach the pumping power density significantly above the laser
threshold for the heterostructures and to pump effectively the active region. Pulse
power exceeding 1 W in the green region of the spectrum was achieved using such
microchip lasers (fig. 2b) which allows to use them in spectroscopy and in a number
of biological and genetic applications.
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Fig. 2. Photo of microchip laser (a); pulsed emission power in the green spectral region of the
microchip laser as a function of excitation power of InGaN laser with pulse duration of 4 ns (b)

The laser threshold of the heterostructures with an active region consisting of a
single ZnCdSe quantum dot insertion is currently less than 1 kW/cm? that in principle
allows pulsed optical pumping of ZnCdSe heterostructures even by LED emission.
Naturally, pumping of the laser ZnCdSe heterostructures by InGaN LED emission
will allow lowering dramatically the cost of microchip lasers emitting in the green
spectral region to a few dollars. The results on pulsed injection of InGaN LEDs as
well as conditions and opportunities necessary to create this type of lasers are
discussed.

Pumping of the active laser media by InGaN laser radiation is relevant from the
standpoint of reducing cost and size of the lasers and increasing stability and
efficiency of their operation. Foreign authors have carried out a number of pioneering
works on pumping of Al,O3:Ti and Pr:KYF, by InGaN laser diodes. Application of
InGaN laser diodes is also promising for pumping of organic laser media, media with
samarium ions and other materials.
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JA3EPBHI C HAKAYKOM N3JIYYEHUEM UH)KEKIIMOHHBIX INGAN
JIABEPOB

E.B. JIyuenko
HUnemumym ¢uzuxu Hayuonanvnoii Axaoemuu nayx bBenapycu, e. Munck, berapyce
E-mail: e.lutsenko@ifanbel.bas-net.by

Pa3BuTHe TEXHOJIIOIMM POCTa HUTPUIIHBIX COCAUHEHUN YKE CEMYaC IMO3BOJIAET
co3naBaTh d(PPEeKTUBHBIC Jla3ephbl, M3Tydyaromuye B (UOJIETOBOH M CHHEH 001acTsIX
crekTpa. B HacTosiiiee Bpemsi Ha pPBIHKE MPHUCYTCTBYIOT «duoneToBbiey InGaN
Ja3epHbIC TUOMBI, W3Iydalomme B crhekTpanbHOW obmactu 400-415 ©HM B
HenpepblBHOM pexuMe ¢ MomHocTh 0.5 Bt (Opnext HL400023MG) u gaxe 1.2 Bt
(Nichia NDV7375E). MouHocTi HM37Iy4eHUs KOMMEPUYECKH JOCTYIHBIX «CHHUX»
InGaN na3zepHbIX OUOAOB, U3IYYAIOIIMX B CHEKTPabHOM auana3zoHe 435-455 Hwm,
noxoauT a0 2 Bt. Jlazepnsie amonabl ¢upmMbl Nichia NDB7875 B 9 mMm kopmyce
UMEIOT padouyro MoiHOCTh u3nydenus 1.6 Bt, dupmer OSRAM PL TB 450-1.4 Br.
XOTS MOIIHOCTH HTHX JIA3€pOB YCTYNalOT HHQPPAKPACHBIM Ja3epHBIM JIMOJaM,
OJIHAKO OHHU YK€ IOCTaTOYHBI JIJI1 HAKaYKU MHOTHX MEPCHEKTUBHBIX JTa3epPHBIX CPeE,
MMEIOIINX NOTJIONIEHNE B (PHOJETOBOM — CUHEN 00JACTAX CIIEKTpA.
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Puc. 1. Cnekmpol u umMnynbCcHas MOWHOCMb U3MYYEeHUs MUKPOYUN-1a3epa (6CMAeKa)
8 3a8UCUMOCMU OM MOKA UHHCEKYUU

Ha ocnoBe InGaN na3zepHbIX AMO0B HAKAYKH, U3TYYAIONIUX B CHHEHW 00JacTH
CIIEKTpa M ONTHUYECKH HAKAYMBAEMBIX JIa3€pOB W3 TETEPOCTPYKTYpP C AKTHUBHOU
0071aCThI0 M3 BCTAaBOK KBaHTOBBIX Touek ZnCdSe B kBaHTOBBIX sMax ZnSe,
3aKJIFOUCHHBIX B CBEPXPEIICTOYHBIA BAapPU30HHBIA BOJIHOBOJI, HUMH OBUIM CO3/aHBI
MUHHUATIOPHBIE Ja3epbl, U3ydaroniue B 3eieHoi [1] u cuHe-3enenoit (puc.l) [2]
obnactsx cnektpa. Heob6xomumo ormerutsh, uto InGaN naszepubie guoasl B
HACTOSAILIEE BPEMSI OTPAaHUYCHBI JIIMHAMHU BOJH < 540 HM.
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[lepcnieKTUBHOCTh WCCJIEIOBAHWIA B OTOM HAIPaBICHUU HW BO3MOXKHOCTH
MPUMEHEHUS TaKUX JIa3€POB I MYJIbTUMEINA MUKOIPOCKTOPOB ITOATBEPIKIACTCS
3ameTkoi [3].

[IpuMeHeHre TOJIBKO OJTHOM ITUIHHIPUICCKON MUKPOIMH3BI 111 (POKYCHPOBKH
BO30Y’KJIAFOIIIETO0 W3JTyYCHHS Ja3epHOr0 JUO0JIa B HAINPABJICHUHU IEPICHIUKYISIPHOM
TeTEPOCTPYKTYPE ITO3BOJMIO MaKCUMaJbHO MHHHATIOPU3UPOBATH 3TH JIa3ephbl U
co3JaTh MHUKPOYHII-Ja3ep C pa3MepaMH CTaHJIAPTHOTO KOpITyca JIa3€PHOrO JIUO0Ja
TO-18 (5.6 mm) (puc. 2a). [Ipumenenue mist Bo3Oyxaennst InGaN nazepHbIX THOI0B
HAaKa4YKd MMITYJHCOB TOKAa JIUTEIHLHOCTHIO MeHee 10 HC, TO3BOJIMIO YMEHBIIUTH
MeperpeB aKTUBHON OOJACTH J1a3epHBIX AMOJOB M, COOTBETCTBEHHO, MOJHATH HX
BBIXOJTHYIO UMITYJIbCHYIO MOIITHOCTH 70 10 BT 6€3 3aMeTHBIX MPHU3HAKOB JAeTpajaIiiu.
DTO B CBOIO OYEpenb IO3BOJWIO JOCTUTHYTHh IJIOTHOCTH MOIIHOCTH HaKaYK{
3HAYUTEIHHO TIPEBBIMIAIONINX TIOPOT TEHEpaIMu TEeTePOCTPYKTYp U d(PPeKTUBHO
MpoKayaTh aKTUBHYH o0OjacTth. Ha Takux MwuKpouMm-jiazepax JOCTUTHYTHI
HMITYJIbCHBIE MOIITHOCTH Oosiee 1 BT B 3eneHoit obmactu cmnektpa (puc. 20), 4To
MMO3BOJISIET MX MCHOJIb30BAaTh B CIEKTPOCKONMHHU U IIEJIOM psijic OMOJOTHUECKUX M
TCHEeTUYECKUX TPUMEHEHUM.
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obacmu cnekmpa MUKpouun-1azepa 8 3a8UCUMOCmU OM MOWHOCIMU 8030YHCOSHUU UMNYIbCAMU
usnywenuss InGaN nazepa onumenviocmoio 4 ne (D)

[Topor renepanuu reTepoCTPYKTYp C aKTUBHOM OOIACTHIO U3 OJHOW BCTaBKHU
KBaHTOBBIX Touek ZnCdSe B HacTosiliee BpeMsi COCTaBIIIeT MeHee | kBt/cm?, uto B
MIPUHIIAIIE TTO3BOJISIET OCYIIECTBUTHh HMMITYJIBCHYIO ONTHYECKYr0 Hakauky ZnCdSe
TeTepOCTPYKTYp AaKe M3ITYYCHHEM CBETOIMOM0B. ECTeCTBEeHHO, HaKadKka Ja3epHbBIX
ZnCdSe rerepoctpykTyp usnydenneMm InGaN cBETOIMOMOB TMO3BOJIUT PE3KO, 0
HECKOJIbKUX JIOJIJIApOB TMOHU3UTh CTOMMOCTh MHUKPOUHII-JIa3€pOB, H3IYYarONIMX B
3eneHol oOyactu cnektpa. OOCY)AAIOTCS pe3ynbTaThl MO UMITYJIbCHONW HHXKEKIIHH
InGaN cBeToano 0B, BO3MOKHOCTH M YCJIOBHsI, HEOOXOAUMBIE CO3JaHUS TAKOTO
THUIIA JJA3€POB.
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Hakauka akTMBHBIX Ja3epHbIX cpen u3nydeHuem InGaN nazepoB akTyanbHa ¢
TOYKM 3PEHHUS YMEHBIIEHUS CTOMMOCTH M pPa3MEpoOB JIa3epOB, YBEIUUYCHUS
crabuibHOCcTH UX paboTsl U KII. 3apyOexxHbIMU aBTOpaMH yXke OCYIIECTBIIEH psi
nuoHepckux padot mo Hakauke InGaN naszepubimu quomamu Al,Oz:Ti u PriKYF,.
[Ipumenenune InGaN na3zepHbIX JUOMOB TakKe MEPCHEKTUBHO [UIsi HaKayKu
OpraHUYECKHUX JIa3EPHBIX CPEJl, CPeJl C HOHAMH CaMapus U JPYTrUX MaTepuasosB.

Jlumepamypa

1. S.V. Sorokin, LV. Sedova, S.V. Gronin, G.V. Klimko, K.G. Belyaev,
S.V. Ivanov, A. Alyamani, E.V. Lutsenko, A.G. Vainilovich, G.P. Yablonskii.
Electronic Letters. Vol. 48, Iss. 2, p. 118-119 (2012).

2. E.B. Jlyuenko, A.I'. BoinumoBuu, H.B. Pxeynkwuii, B.H. IlaBnoBckuii,
I'.I1. A6nonckuii, C.B. Copokun, C.B. I'ponun, 1.B. Cenosa, I1.C. Konbes,
C.B. HBanos, M. Alanzi, A. Hamidalddin, A. Alyamani. KsanroBas
Onexrponuka, 2013, Tom 43, Ne 5, ¢. 418-422.

3. Research rewiew. II-VI lasers produce powerful green emission. Compound
Semiconductors. March 2012, p. 51.

51



METHODS AND APPARATUS FOR LAYERWISE ATOMIC EMISSION
ANALYSIS OF MATERIALS AND PRODUCTS WITH NANOMETER
RESOLUTION

E.S. Voropay, K.F. Ermalitskaia, A.P. Zajogin
Belarusian State University, Minsk, Belarus
E-mail: ermalitskaia@gmail.com, voropay@bsu.by, zajogin_an@mail.ru

Double pulse LIBS is extensively used for quantitative analysis of various
objects including the toolware manufactured of multicomponent alloys. This method
Is characterized by such advantages as a low degree of sample destruction, no need in
chemical or mechanical pretreatment of the surface. Because of this, LIBS is one of
the primary direct analysis methods for thin protective coatings which effectively
improve the performance of the products contributing to their resistance to wear and
durability. However, the performance of various tools is improved mainly with the
use of multicomponent coatings commonly formed by physical vapor deposition
(PVD). During this procedure the metal surface is treated in vacuum by molecules of
other metals (titanium, zirconium, aluminum, tungsten, molybdenum, iron, copper,
nickel, and their alloys) in three stages: vaporization of the particles involved in the
deposition process; transport of vapor to the substrate; vapor condensation on the
surface with the formation of a coating. PVD-coatings are deposited on the finished
drilling and cutting tools often featuring very intricate forms. To realize the quality
control, a similar deposition is performed for a flat blank sample whose coating may
be studied using an electron microscope and an X-ray spectroscopic analysis.
Unfortunately, there are some problems with uniformity of the deposited layer on an
intricate surface of the drill as well as with the elemental concentration control in the
layers of a tool at different points of the cutting rim. It is impossible to perform by the
standard methods a submicron-resolution analysis of multilayer coatings on the
curved surface.

The experiments were performed with the help of a LSS-1 laser spectrometer
produced by the Belarusian—Japanese joint venture LOTIS-TII (Minsk). The plasma
was generated at the fundamental wavelength (1064 nm) of a nanosecond Q-switched
double-pulse Nd:YAG laser with a pulse width of 15 ns and repetition rate of 10 Hz.
Double laser pulses with the interpulse interval At=0-100 us (1 us step) were used to
vaporize the sample and to excite the atomic spectra. The effect of double laser pulses
with zero interpulse interval (At=0 us) was identical to that of a single pulse of the
doubled energy. Laser pulses with the energy ranging from 10 to 70 mJ were focused
by a lens of 100-mm focal length with the spot diameter about 50-100 um. The crater
depth on the sample surface and the layer thickness were determined using a Linnik
MII-4 microinterferometer. The measurements performed demonstrate that,
compared to single pulses, the use of double laser pulses at the invariable total power
leads to a multiple increase in the intensity of spectral lines with a thickness of the
evaporated layer, increasing by a factor of 1.5 only. A maximum intensity of spectral
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lines for titanium is observed when a time interval between the double laser pulses is
10 us, and for silicon — 7 ps.

In the process of studies four different objects with PVD-coatings have been
analyzed:

— The «analysis blank sample» representing a flat steel plate polished to high
finish that was titanium coated using the ion-assisted condensation method.
This system was subjected to the effect of the combined and separate plasma
streams formed in vacuum-arc discharges. The arc current was 100 A, negative
reference voltage — 120 V, thickness of the coating —1-2 pm.

— The «blank sample» was additionally treated with the use of the nitrogen
plasma streams formed in a magnetic-plasma compressor with different
numbers of plasma pulses (ranging from 1 to 5) during the period of about 100
us. The experiments have been performed in the “residual atmosphere” regime:
the plasma forming substance — nitrogen — was injected into the pre-evacuated
chamber up to the pressure 400 Pa. The power density of a stream was varying
as (1.5-3.5)-10° W/cm?; this was sufficient for melting of the surface layers
and for doping of steel by the coating components and plasma-forming
substance (nitrogen) with possible formation of nitride phases, solid solutions,
and intermetallides. As a result, a multilayer structure was formed, with the
thickness 10—15 pm.

— Silicon plates with a titanium coating deposited using the ion-assisted
condensation method, the discharge parameters being the same as for the blank
sample of steel. Some of the silicon plates with titanium coating, similar to the
blank sample, were subjected to the effect of the nitrogen plasma. Before the
treatment, the initial silicon plates were covered by a high-melting mask of
tungsten with the holes 50 um in diameter, positioned at a distance of 50 um
from each other.

— The steel milling cutter manufactured by Guhring (Germany) having a
multilayer PVD-coating (Ti1AIN/TIN).

— The defocusing method was proposed to reduce the flux density g and layer
thickness hg [1]: positive and negative defocusing of the laser beam means
focusing at some distance Af above and below the surface of the ablated
sample. In this case an analytical signal exceeds a background level by several
fold even at hy=0.1 um [2]. As a minimal thickness of the coating in the
samples under study amounted to ~ 1 um, the measurements were performed
for Af=—10 mm to ensure, at least, 10 layers during the procedure of a layer-
by-layer analysis.

A lowered density of the radiant flux q with a defocused radiation leads to the
decreased quantity of a substance ingressed into the ablation plasma and hence to the
decreased line intensities. Because of this, for analytical applications it is expedient to
select the lines with the highest intensity for all the components in the spectral range
of interest: Ti A=390.2 nm, Zr A=360.1 nm, Si A=390.6 nm, Al A=396.2 nm, Fe
A=382.0 nm. Intensities of these spectral lines are given in fig. 1 as a function of the
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layer depth h for the protective Ti-Zr-coating before the surface treatment by the
nitrogen plasma streams and after the treatment.

after plasma treatment before plasma treatment
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Fig. 1. Spectral line intensities of titanium A1j=390.2 nm, zirconium Az=360.1nm, and iron
Are=382.0 nm as a function of the coating depth before and after the surface treatment by the
nitrogen plasma streams

During analysis of a PVD-coating one should take into account that the base of
Si is very fragile and nonconducting. Because of this, many standard methods are
inapplicable, e.g. atomic-emission analysis with electric arc or spark spectrum
excitation, hardness tests, etc. As demonstrated by the experiments conducted, the use
of double laser pulses, both focused on the surface (Af = 0 mm) and defocused (Af" <
10 mm), causes no destruction of the silicon substrate. Similar to the case of a steel
plate with a Ti-Zr coating, the plasma treatment results in diffusion of the atoms
associated with a homogeneous micron coating to the depth of the base, forming a
two-component system several micrometers thick on the surface. Due to the use of a
tungsten mask, the penetration depth of titanium into silicon after irradiation is
considerably lower than in the case of a similar treatment for the Ti-Zr coated steel
sample, being less than 5 um. The intensity distribution of spectral lines for Si
2=390.6 nm and Ti A=390.2 nm over the surface of a silicon plate after the nitrogen-
plasma treatment using the tungsten mask, with the holes 50 pum in diameter
positioned at a distance of 50 um from each other, is shown in fig. 2.
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tungsten : region i tungsten :
10004 mask i mask

Fig. 2. Intensity distribution of spectral
lines for Si A=390.6 nm and Ti 4=390.2 nm
over the surface of silicon plate after the
nitrogen-plasma treatment through the
tungsten mask with the holes 50 um
positioned at the distance 50 um
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To study a steel milling cutter with a PVVD-coating (TiAIN/TIN), the authors
have analyzed layer-by-layer the deposited coating at three different points arbitrary
designated as a side, a cutting-tool, and a butt-end (Fig. 3). A thickness of the coating
was established by the appearance of the spectral lines for iron from the steel base of
the cutting tool. As found in the process of experiments, a thickness (4.2 um) and a
spatial distribution of the elements on the butt-end and on the cutter is identical,
whereas a thickness of the side coating is greater (5.2 ). This may be associated with
peculiarities of the deposition procedure on cutting tools. As found, the PVD-coating
under study comprises 10 layers of different thickness h;, each of which has the
characteristic content of the basic components (Ti, Al, N). The number of layers and
the elemental concentrations at the three indicated points of the milling cutter are
identical, while a thickness of each layer at the side surface is greater. The deepest,
I.e. the closest to the steel base, layer of a PVD-coating with the thickness hyg = 1.7 um
Is homogeneous as regards the content of Al and Ti.

steel base of the cutter (Fe A=399 nm)
1200 -
0]
C butt-end = 1000¢
o 800
' h. cutting 2 I butt-end
tool ® 600} cutting tool side
o
E}_) 400 |
200
0 1
0 2 4 6 8 10 12

-

Fig. 3. Localized effect of laser radiation on milling cutter; the spectral line intensity Age = 399 nm
of the steel base as a function of the radiation penetration depth

To perform a layer-by-layer quantitative analysis of a PVD-coating, spectra
have been recorded for 10 standard samples with a specified concentration of
titanium and aluminum at similar parameters of laser radiation (Af = =10 mm, £, =
75mJ, t = 15 ns, q = 3-10" W/em?, At = 10 us). The curves for the spectral line
intensities of titanium A = 390.2 nm and aluminum A4 = 396.2 nm as a function of
their concentration were constructed. Table 1 presents the results for a steel milling

cutter.
Table 1. Layer thickness h;and elemental content in PVD-coating on steel milling cutter
* Within the deepest layer with a thickness of 1.73 xm the content of titanium and aluminum
linearly decreases with a growing depth

Layer |1 2 3 4 5 6 7 8 9 10
hj, um |1,73 0,40 0,27 0,24 | 0,46 |0,20 [0,48 |0,21 |0,37 [0,40
Cri, % | *29+29 |34 |41 47 52 56 62 66 61 73
Ca, % | *7+0,6 9 11 12 14 15 16 18 16 19
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The developed technique for a direct layer-by-layer elemental analysis of
coatings using double pulse LIBS may be applied in submicron-resolution
quantitative studies in the case of PVD-deposition. Double pulse LIBS is a very
effective technique of a direct layer-by-layer analysis of micron PVD-coatings,
enabling studies of the curved surface of samples without the preliminary chemical or
mechanical treatment in the air. To control a thickness of the evaporated layer by
changes in the radiant flux density, one should use the defocusing method when
double laser pulses meet all the requirements to the spectrum excitation source for a
direct layer-by-layer analysis of thin coatings.

The developed analytical techniques may be used in quantitative and
qualitative analysis in layers of PVD-coatings on metal and nonmetal objects
including metal and nonmetal objects, both flat blank samples and commercial
products of intricate form.
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PHOTONICS AND RELAXATION PATHWAYS FOR SELF-ASSEMBLED
NANOSTRUCTURES: MULTIPORPHYRIN COMPLEXES AND
NANOCOMPOSITES «SEMICONDUCTOR CdSe/ZnS QUANTUM DOT -
ORGANIC DYE»

E. Zenkevich', C. von Borczyskowski?
! Belarusian National Technical University, Minsk, Belarus
E-mail: zenkev@tut.by
? Institute of Physics and Center for Nanostructured Materials and Analytics
Chemnitz University of Technology, Chemnitz, Germany

At the moment, it is well-documented that photonics is playing a pivotal role in
advancing Nano/Bio/Info technology by creating new interfaces between multiple
disciplines. In this respect, nanophotonics provides opportunities for high-density
integration in information technology and for efficient harvesting of solar energy, as
well as offers real opportunities for fundamental research and various applications to
produce novel nanoprobes for biomedical imaging, biosensing and therapy for cancer
as well for other major medical needs to advance human health Correspondingly,
nanostructured materials with tuneable morphology have attracted exceptional
interest over the past decades because of their unique architectures, tailored
physicochemical properties, central roles in fabricating nanoelectronics, and potential
applications in bionanotechnology [1-3].

Recently, great efforts have been devoted to bottom-up self-assembled
nanostructures. Self-assembly is the fundamental phenomenon that generates
structural organization on all scales in vivo and in vitro [4-6]. In fact, this direction is
the supramolecular organic/inorganic chemistry/photochemistry in solutions or at
solid/liquid interfaces, a highly interdisciplinary field of science covering the
chemical, physical, and biological features of chemical species held together and
organized by means of intermolecular binding interactions of various natures.
However, many fundamental issues still need to be in-depth investigated in order to
have full understanding of mechanisms that drive the properties of such
nanocomposites.

Recently, based on ideas of the self-assembly mentioned above, we have
succeeded to form multicomponent organic and organic/inorganic nanoassemblies
using the combination of covalent and non-covalent binding interactions, that is the
preparation of multiporphyrin complexes, and the anchoring of functional organic
molecules (including tetrapyrrolic compounds and perylene bisimides) to the surface
of semiconductor CdSe/ZnS quantum dots (QD) in solutions and polymeric films
(Fig. 1) [7-10]. These nanoassemblies are of considerable scientific and a wide
practical interest including material science and biomedical applications.
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Porphyrin Triad (1) CdSe/zZnS QD-Porphyrin (1) CdSe/znS QD-Perilene
bisimide (I11)

Figure 1. Structures and mutual arrangement of interacting subunits in nanoassemblies

In this paper, we are willing to discuss the formation principles, spectroscopy
and mechanisms of excitation energy relaxation being obtained for multiporphyrin
complexes (triads) as well for nanocomposites based on trioctylphosphine oxide
(TOPO) or long-chain amine (AM) capped core/shell CdSe/ZnS QDs exhibiting size-
dependent photophysical properties and surfacely activated by meso-pyridyl
substituted porphyrins, H,P, or perilene bisimide dyes, PBI, in solutions and polymer
matrixes at 295 K (steady-state, picosecond time-resolved luminescence
spectroscopy and single molecule spectroscopy).

Typically, at 295 K triad complexes (Structure I in fig. 1) are formed during a
titration of the chemical dimer (ZnOEP),Ph solution by the extra-ligand solution or
by one-step mixing of the two solutions at appropriate concentrations. In these triads,
main fluorescent features are as follows. 1) The dimer fluorescence does show strong
quenching (fluorescence decay is shorten from tgp’=1.15 ns down to tgp < 1.7 ps),
and fluorescence spectra of the triads mainly consist of the porphyrin extra-ligand
fluorescence bands. 2) In nonpolar toluene at 295 K, the extra-ligand fluorescence
quantum efficiency is also reduced by 1.5-2 times as compared to the individual
extra-ligand L [H,P(m"Pyr),-(iso-PrPh),]. 2) The L fluorescence intensity is
decreased upon temperature lowering (278-160 K). 3) The increase of the solvent
polarity leads to the decrease of the L fluorescence intensity. 4) In polar conditions,
the sensitization effect due to the singlet-singlet energy migration (S-S EM) process
is absent, though usually through-space S-S EM process in multiporphyrin arrays is
hardly dependent on the solvent polarity. 5) Time-correlated single photon counting
(TCSPC) fluorescence measurements show that the emission decays of extra-ligand
in the triads are reduced noticeably with respect to those for individual uncomplexed
porphyrin (fig. 2). Femtosecond pump-probe data for the triad I in toluene at 295 K
reveal that the non-radiative relaxation of the dimer S;-state in the triads realizes
within ~1.7 ps.

In the result, on the basis of the detailed experimental data in the combination
with theoretical calculations (Foerster resonant energy transfer model and the
generalized Haken-Strobl-Reineker formalism) the whole scheme of the dynamics of
locally excited S;-states for components in triad | has been evaluated (fig. 3). The
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main quantitative conclusion is that in these complexes, the competition of the energy
migration (EM) and photoinduced electron transfer (PET) processes takes place
which may be selectively driven by the triad composition, solvent polarity and
temperature.
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Figure 2. Decay-associated spectra of the Figure 3. Schematic energy diagram for excited
triad (ZnOEP),Ph&H,P(m"Pyr), (toluene,  singlet, triplet and radical ion pair CT states and
293 K, 1 =546 nm) derived from a global corresponding rate constants in the triad

analysis of 12 TCSPC measurements

In the case of organic/inorganic self-assembled nanocomposites, we have
shown that dye molecules with pyridyl side substituents (porphyrins and heterocyclic
perylene bisimides) coordinatively attached to the surface of CdSe/ZnS QDs form
quasi-stable “QD-Dye” nanoassemblies of various geometry in the competition with
capping molecules (tri-n-octyl phosphine oxide or long chain amines) exchange
(structures II and III, Fig. 1). In this case, QD-porphyrin interaction may be described
by a Poisson distribution

P(n) = x"exp(-x)/n!, (1)

where X is the average number of chromophores per one QD (estimated from a molar
ratio (X =[Cporphyrin)/[Capl), N is the number of attached chromophores on a given QD.
Upon formation of “QD-Dye” nanocomposites the QD photoluminescence (PL) is
quenched as can be detected both via single particle detection and time-resolved PL
ensemble experiments in solution. PL quenching has been numerically assigned to i)
Foerster resonant energy transfer (FRET) and 2) the formation of non-radiative
surface states under conditions of quantum confinement in QDs. With respect to non-
FRET PL quenching, it was shown for the first time that the quenching rate k, scales

inversely with the QD diameter and can be understood in terms of a tunnelling of the
electron (of the excited electron-hole pair). Correspondingly, the QD
photoluminescence quenching (as intensity ratio 1(x)/l) may be written as
1(x)/1p = e*=X"n!(1+nko/kp)  or LW _g= ko o0l (2)
" Ky +nkg

| + n!

0o

59



where kp is the total QD PL intrinsic decay rate and k the QD PL quenching rate.
Using this approach, it was found that the estimated values of complexation constant
K¢ for “QD-Porphyrin” nanocomposites lie in the region from ~ 10° M to ~ 10’ M.
Notably, the exciton relaxation dynamics in QD initiated by a single titration step is
not only due to the added H,P molecules themselves, but also to a local change in the
capping ligand shell on QD surface upon nanocomposite formation as well as to a
local replacement of TOPO by H,P molecules. This argumentation is in line with the
finding that dilution of a QD solution reduces the average coverage of the QDs with
TOPO, giving rise to both an intrinsic reduction of QD PL as well as to increased
accessibility of the QD surface to the quencher molecules.
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Figure 4. Temperature dependence of absorption peak (1A) and PL band (1B) for alone QDs and
“OD-Dye” nanocomposites (B) in methylcyclohexane/toluene (6:1) mixture. (A): Dashed ellipse
indicates temperature range at which optical properties change. (B): Temperature dependence of
the normalized PL maximum intensity for the same type of CdSe/ZnS QD under various conditions
and attached porphyrins: (1) alone QDs; (2) QD+H,P(m-Pyr)4; (3) QD+CuP(m-Pyr)s; (4)
QD+tetraphenylporphyrin; (5) QD in dried PMMA film on a quartz plate

Upon temperature lowering it was found for alone QDs, that in a range of
220240 K related changes in QD absorption and emission reveal a phase transition
of the capping shell (tri-n-octyl phosphine oxide and amine). In “QD-Dye”
nanocomposites, this phase transition is enhanced considerably by only a few
attached dye molecules and has impact on the QD core structure followed by changes
of PL quenching and exciton-phonon coupling (fig. 4). This phase transition observed
for TOPO-capped CdSe/ZnS QDs between 200 and 240 K, is far from the glass
transition temperatures for the solvents. We have demonstrated, that dye molecules
(porphyrins or perylene bisimids) noticeably influence the optical properties at ligand
controlled phase transitions. Our findings highlight that single functionalized
heterocyclic molecules can be considered as extremely sensitive probes for the
complex interface physics and dynamics of colloidal semiconductor QDs.

Detecting the PL spectra on each single luminescent spot reveals three types of
spectroscopic fingerprints emerge (Fig. 5): (i) PP fluorescence spectra; (ii) QD-AM
PL spectra and (iii) simultaneous QD-AM and PP spectra belonging to a
nanocomposite. The detection of these three types of emission is an experimental
background of the distribution of dye molecules on QDs which may be described by

60



Poisson approach. In addition, PL band of single QD is blue shifted upon the
observation time increase. Average decay time for single uncomplexed QD-AM was
measured to be (tp)=20, while for QD in single nanocomposite (QD-AM)-PP
(tpa)=16 ns. The shortening of the decay time is clearly related to the observed
decrease of the QD PL intensity upon nanocomposite formation. This proves that QD
PL quenching is also observed on a single nanoassembly level and reflects directly
the existence of an additional non-radiative channel for QD exciton relaxation in this

nanocomposite.

Figure 5. 5x5 um? confocal scan
(Aexc= 465 nm; P = 0.6 kW-cm®) of
PL for single objects based on long-

chain amines capped quantum dot

(QD-AM) and perylene bisimide
(PP) molecules at x = 1 (see Fig.1,

N 80 M. structure I11). Because of Poisson
00} isol QD] i QD+PP| distribution of dye molecules on
5 300f 1 3" ] QDs it was possible to detect PL
% 200} 1 S s} . spectra (1 s binning time) of single
100} 1 ol 1 PP (B), single QD-AM (C) and
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»/nm /nm colocolized PP and QD-AM (D)

Finally we like to point out, that properties of QD-Dye nanocomposites are
interesting in itself, but also provide a valuable tool to study surface related
phenomena in QDs on an extremely low level of the surface modification. Instead of
investigating the exchange ligand dynamics directly e. g. by NMR, we suggest to
make use of QD PL quenching in combination with appropriately functionalized dye
molecules. In contrast to NMR, this approach allows to investigate ligand dynamics
at extremely low concentrations of concurrent ligand-type dyes. At last, our data
show also, that “QD-Porphyrin” nanocomposites may be considered as potential
photosensitizers of a novel type in the photodynamic therapy of cancer.
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HIGH EFFICIENT 12W DIODE-PUMPED ACTIVELY Q-SWITCHED
YB:KGD(WO,), LASER

V.E. Kisel*, A.S. Rudenkov', N.V. Kuleshov', A.A. Pavlyuk®
Center for Optical Materials and Technologies
'Belarusian National Technical University, Minsk, Belarus
E -mail: vekisel@bntu.by
?Nikolaev Institute for Inorganic Chemistry
Siberian Branch of Russian Academy of Sciences, Novosibirsk, Russia

Abstract: Compact diode-pumped actively Q-switched Yb:KGW laser is
demonstrated with optical-to-optical efficiency of 50%. In a Z-shaped laser cavity
configuration output power of 12.2 W with repetition rate up to 50 kHz and pulse
duration of 10-24 ns was obtained. The maximum pulse peak power of 70 kW was
achieved. The laser output beam profile was Gaussian up to maximum pump powers
with M? factor lower than 1.2.

Compact diode-pumped Q-switched lasers with pulse repetition rate of tens
kHz are of practical importance for diverse materials processing applications.
Currently the most popular active media for such commercial systems are Nd**-doped
crystals (YAG, YVO, or YLF). Neodymium doped media have a number of
advantages like 4-level laser scheme and high stimulated emission (SE) cross section
(~10™"°cm?) that allow efficient laser action with comparatively low pump and laser
beam intensities. These systems can provide high single pulse energy without damage
of the intracavity optics but high quantum defect of Nd*" ions leads to significant
thermo-optic aberrations that restrict the possibilities of power scaling, especially at
high repetition rates. In order to obtain relatively high output powers, sophisticated
cooling systems and powerful 808 nm AlGaAs diodes are used, which results in the
drop of the cost efficiency. In contrast, Yb*'-based laser system have 3-level laser
scheme and lower SE cross section that result in a comparatively high pump and
intracavity laser beam intensities for efficient laser operation. But this disadvantage
almost zeroing when we operate with high PRR and thus with reduced single pulse
energy. Moreover, the utilization of Yb-doped material could improve the
performance and cost of Q-switched laser system because of the substantial reduction
of the thermal effects due to low quantum defect and high availability of InGaAs
diodes.

Among the Yb-doped materials, monoclinic potassium rare-earth double
tungstates (KGd(WQ,),, KY(WOQO,),) attract attention due to high available doping
levels without luminescence quenching and lattice distortion (up to 100at.% reaching
the stoichiometric structure of KYbW), high polarized absorption and emission cross-
sections (oaws=12x10% cm? at 981 nm and o.,=3.2x10%° cm” at 1025 nm for E || N,,),
relatively wide spectral bands (allowing efficient diode-pumping and short pulses
generation) and moderate value of thermal conductivity (3 W/mK, which is three
times higher than that of glasses). This results in multi-watt femtoscond systems,
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powerful cw and Q-switched lasers with high average output power in the spectral
region of 1 um [1-5].

Here we present the results of experimental study of Yb:KGW diode-pumped
actively Q-switched laser.

A standard Z-shaped laser cavity (Fig. 1) was used for cw laser experiments,
that was formed by two concave folding mirrors (M2, M3), flat back mirror (M1) and
flat output coupler (M4). 5mm-long Ng-cut Yb(1.6at.%):KGd(WO,), crystal was used
as a gain medium. The laser crystal was pumped through one of the folding mirrors
by using 980nm fiber-coupled (@105um, NA=0.22) laser diode with maximum
power of 25 W. The crystal was kept at 20°C by means of thermoelectrical cooling
with forced air-cooled heatsink.

LD <. Flatoc

Laser

\‘Zkiutput
M4

Fig. 1. Schematic of CW Yb:KGW laser

The average output power versus incident pump power for cw mode of
operation is shown in Fig. 2. Maximum output power of 13.6 W was obtained for OC
transmittance of 20% with optical-to-optical efficiency of about 56%. Slightly lower
parameters were demonstrated for OC transmittances of 10 and 30% (fig.2).
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Fig. 2. Average output power versus incident pump power for cw mode of operation

During the CW operation we estimated the focal length of the thermal lens for
different pump intensities inside the gain crystal and design the Q-switch cavity to
work with TEMg, mod radius in the gain crystal of about 100 microns at the
maximum pump power to prevent the optical damage of AR coatings. The
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dependency of optical power of thermal lens from the beam radius in the gain crystal
Is shown in Fig. 3.
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Fig. 3. Beam radius of the TEMg, cavity mode in the gain crystal for different optical powers
of thermal lens

To reduce the cavity length of Q-switched laser we use 3-mirror laser cavity
(Fig. 4). For Q-switching operation in one arm of the cavity TFP and BBO-based
electro-optical Q-switch were incorporated.

Flat OC

Fig. 4. Schematic of Q-switched laser

The dependency of average output power from the incident pump power for Q-
switched laser with 30 kHz pulse repetition frequency (PRF) for output coupler
transmittance of 30% is shown in Fig. 5. The optical to optical efficiency reaches
50%.
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Fig. 5. Average output power versus incident pump power for Q-switched 30 kHz laser
The dependencies of average output power and pulse duration from PRF for
Yb:KGW Q-switched laser are presented in Fig. 6.

65



Average power, W

Fig. 6. Average output power and pulse duration versus pulse repetition frequency (PRF)

The maximum average output power of 12.2 W was obtained at a PRF higher
than 20 kHz. The corresponding incident pump power was 24.4 W. The optical-to-
optical laser efficiency was as high as 50%. Average output power at a lower PRF
was limited by the optical damage of the dielectric coatings of output mirror M3.
With increasing of PRR from 5 kHz to 50 kHz the pulse duration was increased from

10 nsto 24 ns.
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The dependency of output pulse energy from the PRF for Q-switched laser is
shown in Fig. 7. Pulse energy of 0.7 mJ was obtained at PRF up to 10 kHz. At the
pulse repetition frequrncy of 50 kHz pulse energy reaches 0.244 mJ. The maximum
pulse peak power of 70 kW was obtained.

Pulse energy, mJ

Fig. 7. Pulse energy versus PRF for Q-switched laser

The typical pulse train of the Q-switched laser at PRF of 20 kHz and temporal
pulse envelope are shown in the fig. 8 and fig 9 correspondingly.

Fig. 8. Pulse train of the Q-switced laser at 20 kHz PRF
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Fig. 9. Temporal pulse envelope of the Q-switched laser

Pulse to pulse intensity instabilities were less than few percent. The laser
output beam profile (Fig. 10) was Gaussian up to maximum pump powers with M?
factor lower than 1.2 thus indicating negligible thermo-optical aberrations.

Fig. 10. Laser output beam profile

In conclusion, highly-efficient diode-pumped actively Q-switched Yb:KGW
laser is demonstrated for the first time to our knowledge.
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http://www.baiheoe.com

XINXIANG BAIHE O.E CO.,.LTD is a professional processing enterprise
with vacuum coating technology. Our core team has more than 30 years of
experience of both coating technology development and volume production.

We have 12 sets of high configuration vacuum coating machines with different
size of 1.8m, 1.3m, 1.1m, 1m and 800mm. All of our machines are equipped with two
electron beams, and most of them are also equipped with ion source and polycold.
We also have two sets of ultrasonic wave cleaners and three spectrophotometers. Our
main plant covers an area of 15,000 square meters with 1,000-square-meter ultra-
clean workshop.

Our main products include Broadband Anti-Reflection Coating, High-
Reflection Coating (Metallic film, Dielectric film), Beamsplitters, ITO, Interference
Filter (Long-pass, Short-pass, IR-cut), Bandpass Filer (Wide bandpass, Narrow
bandpass), Polarizing Coating, Anti-Polarizing Coating, Narrow-band Reflection
Filter, Laser Coating, and Color Temperature Adjusting Film.

Regarding to our good reputation and technology advantages for many years,
we have been providing our services and products to many multinational companies
around the world, such as Epson and Panasonic.

Xinxiang Baihe O.E. was established in 2004 with 1SO 9001:2000 Quality of
Management System Certification and I1SO 14001:2004 Environment Management
System. Our company is located in Xinxiang City, in Henan Province, whose
transportation is very convenient, because Beijing-Guangzhou Railway and the
Beijing Hong Kong and Macao highway passes through this city.

Our products:

IPL Filters;

Components of Exposure Machine;
Optical windows;

Broadband Anti-Reflection Coating;
High-Reflection coating;
Interference filters.
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Advancements in Imaging Technology

In recent years, 3D imaging has made impressive
progress both in theories and technology, including
® Compressive sensing (CS) theory (2006-)

@ Ray tracing & digital refocusing (Light field camera
1.0 and Light field camera 2.0)

® Gigapixel imaging and camera

@ Fresnel Incoherent correlation holography (FINCH)
® On-chip Lens-free holography

@ Coherent anti-stokes Raman scattering holography
® single pixel imaging



I. Light field Imaging & Gigapixel camera

Plenoptic Function of Light Field

A light field can be described by L(0, ¢, %, t, x, v, z) with 7 parameters.

@ For 3D imaging, using 4 parameters being enough to trace any light
ray L{x, y; u. v} — 4D light field.
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@ A 4D light field contains 3D information of the world. In
principle, by ray fracing, one can obtain information from any
point af the field on one exposure with a lght field camera

Light field camera 1.0

@ A microlens array is placed at the focus plane of the imaging main
lens. By digital refocusing (back propagation), one can get a well
refocused image of any plane of the field from one exposure.

Microlens
amay

Main lens
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Light field camera 2.0 —Plenoptic camera

# A microlens array is inserted between the mainlensand the
sensor (CCDfCMOS), but not at the focus plane of the main lens.
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() Real image in front of the microlens amay. i) Viriual image behind the microdens amay,

# Advantages: Higher resolution, 3D display

#® Disadvantages of the present light field camera: low
resolution, field depth and resolution needs to be improved.

Multiscale gigapixel photography

@ High resolution
@ Large field of view (FOV)
@ Large depth of field

D.J. Brady et al. Nature, 486, 388(2012)




120x50° FOV

4x

32x

Il. Fresnel Incoherent Correlation
Holography (FINCH)

FINCH systems have been developed based on the
principle of interference using an incoherent light
source. The EM wave from a point object is divided
into a plane wave and a spherical wave and then
interference at the sensor plane. FINCH systems
such as FINCH microscope, FINCH-camera have
appeared.
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Fresnel incoherent correlation holography

(FINCH)

—— ~—Normal imaging

Fresnel incoherent correlation holography
(FINCH)
@ Principle:
Interference of plane and spherical beams from objects.

CCD or CMOS
> mage Sensor

L »

SLM —space light modulator
Applications = holographicmicroscopy » Bio-medical imaging, etc.

Problem: 3 exposures are needed to eliminate the self correlation
terms and the twin image.

Theory

++ Hologram of a 3D ohject g(x,, v, z.) :

Hix,v)
I Eﬂ((.'+ Jlg{-l'.._‘.',.:,}n:wlﬁ[(mﬁﬁfi)
7onN 1= o
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FINCH-microscope

In order to overcome the 3 times exposure, Fourier-FINCH
system has also appeared.

Full color natural Iight holographic camera

- z, j v i
-7 z
+ M, 0
%, X -H T - > Xy <
N Ty
4 el ) |
I 2 : /; 3
S e

l
.im
Fo Bl

lll. Lens-free Holography

@ Simple imaging system
@ Large field of view

@ 3Dimaging

@ Superresolution
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On-chip Lens-free holography
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On-chip Lens-free holography
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FOV: ~18 cm?

(“4.9 cm X 3.7 cm)
NA:~0.1

>1.5 billion pixels
Pixel superresolution

Grating

= Resolution: ~300 nm

NA: ~0.9

FOV:~20.5 mm?

human red blood cells

IV. Chemical Selective Holography

@ Besides the shapes, discrimination of chemical
compositions is also important. Here we introduce two:

» Surface Plasmon enhanced lens-free holography
» Coherent anti-Stokes Raman scattering Holography
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1. Surface Plasmon Enhanced Lensfree Holography
— Based on different resonant wavelengths of metal particles

450-950 nm

§
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Qingshan Wei, et al. SCIENTIFICREPORTS, 3 :1699(2013)

y @ Native CD4 and CD8 cells
E‘ classification accuracy
L ~594 6% 0.9%

v @ After labeling with Au and Ag
; NPs, CD4—CD8 classification
accuracy 95.46% 0.8%

@ SP-enhanced lensfree
holograms, detected
and reconstructed over a
FOV~24 mm?Z, two-orders of
magnitude wider than the
typical FOVof a40 X
SP resonance: objective lens that has a

Ag NPs, A, ~480 nm similar resolution.

Au NPs, A, “554 nm

2. Coherent anti-Stokes Raman scattering (CARS)

holography
CARS:
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CARS Holography
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Coherent anti-Stokes Raman scattering (CARS) holography

R

Two experimental configurations

Chemical selectivity:

PMMA: 2959 cm™

-PS: 3060 cm™

CARS-holography
_rGabor o

0~

K. Shi, et al, PRL, 104, 093902, 2010
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V. Coded Aperture Spectroscopy

The difficulty in working with highly scattering samples:
the source has a larger e tendue than can be measured by
traditional spectrometers.

Coded aperture spectroscopy

Traditional spectrograph

| I }
| 11 |

| ' ¥

1] 1]
| I. b}
- < Aoeriure

Detector Flane

- sty D Moty Dertecr
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e tendue Coded aperture:
U=A*0=bh*a’/f Replace the slitin the inputaperture
b —width of the slit, of a dispersive spectrograph bya 2D
h —height of the slit pattern of openings based on the
a —limiting aperture Hadamard matrices.

Coded aperture Raman spectroscopy
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VI. Research Orientations in Optics in
Zhengzhou University

We are interested in the following research areas and
now setting up laboratories for the researches. Related
devices or apparatus are being purchased. Any suggestions
or cooperation in these areas are welcome and highly
acknowledged.

Research Orientations in Optics of Zhengzhou University

@ Imaging Physics and Devices
3D imaging from Light field (Light field Camera?
Quantum imaging, Single pixel imaging

@ Digital Holography
Fresnel incoherent correlation holography,
Fourier incoherent correlation holography,
Lens-free holography

@ Photonics and Spectroscopy
Surface-plasmon enhanced imaging and spectroscopy (Chemical
selective imaging),
Multi-spectral imaging and information fusion,
Spectroscopic technologies based on 3D imaging.
@ EM Information Transmission and Detection

@ Laser Technology and Application
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MATHHUTHBIE U DJIEKTPUUECKHUE CBOMCTBA
BBICOKOKOJ2PLHHUTUBHbBIX ®EPPUTOB SR1-XSMXFE12-XZNX0O19

vy L[331, JLA. EaIHKI/IpOBZ, C.B. Cnouckas 2, CB prxaH0B3, JI.C. Ho6aHOBCKHI713,
AM. Tamsc®
Benopycckuii 20cydapemeentbiii mexHoNo2uHecKuil yHugepcumen

2. Munck, benapyco,

2Befzopyccmtd 20Cy0apCmeeHHblll a2papHblil MeXHUYeCcKUll yHUugepcumem
2. Munck, benapyco,

3Haquo—npaKmuquKm7 yenmp HAH Benapycu no mamepuanosedenuio
2. Muncxk, benapyceo,

®epputel BaFe 5019, SrFe;;019 CO CTPpYyKTYypOH MarHETOTUTFOMOUTA SIBIISTFOTCS
OJTHOOCHBIMH (peppHUMarHeTUKaMH, UMEIOT OOJBIIIYIO BETMUYUHY KOIPITUTUBHON CHJIBI
(H) w mmMpoKo HMCHOJB3YIOTCSA JIJIi HM3TOTOBJICHUS ITOCTOSHHBIX KEPaMHUECKUX
MarHuTOB U B pa3nuHbIX ycTporicTBax TexHuku CBY [1-3]. B pabote [4] noka3aHo,
gT0 B cucrteme SriyLa,Fe;;4Co019 yacTHUHOE 3aMEleHne WOHOB CTPOHITUS Sr#*
monamu La®* u monoB Fe*" momamm Co”" 10 X = 0.2 IPUBOINT K YMEHBIICHHIO
HAMarHM4eHHOCTHU, HO OJHOBPEMEHHO C JTHUM MPOUCXOAUT YBEIMUYCHHE TIOJIS
AHU3O0TPOIIUU, YTO TIO3BOJIAET U3 TBEPAOro pactBopa SroglagFer;5C002019
M3rOTaBINBAThH AHU3O0TPOITHbBIE MOCTOSIHHBIEMarHUThI C BEITUYMHON
(BH)max = 38.4 kJK/M°.

[lenpto Hacrosme paboThl sBISICTCA mojydeHue QepputoB SriSMyFe;,_
ZN,O19 (Xx=0, 0.1, 0.2, 0.3, 0.4) co CTPYKTYpOli MarHeTOILTIOMOUTA, U3YYCHHUE X
HAMarHWYCHHOCTH HACBIIMIEHUS, OCTATOYHOW HAMAarHMYCHHOCTH, KOIPIIUTHBHOM
CHJTBI ¥ DJICKTPOIPOBOTHOCTH HA TIOCTOSTHHOM TOKE.

TBepaodazubiM MeTogoM Ha Bo3ayxe npu 1473 K Oblin momydeHsl 00Opasiibl
dbepputoB  SriSmyFe;,  Zn,09 (x=0, 0.1, 0.2, 03, 04). VYaenbHas
HaMarHMYeHHOCTh M TIE€TJIM MArHUTHOTO THCTepe3uca o0pasloB (eppuTOB OBLIU
M3MEPEHbl  BHOPAIMOHHBIM  METOJOM HA  YHUBEPCAIbHOW  BBICOKOIIOJICBOMU
usmepurenbrHoit cucteme (Cryogenic Ltd London, 41S) B marautom mosie g0 14 T
npu Temneparypax 5 u 300 K.

PentrenogazoBeiii  aHanm3 mokaszaia, uro obpasupl ¢ X<0.2 ObuH
omHodazueiMu, a mpu 0.2 <x<0.4, kpomMe OCHOBHOW (pa3bl CO CTPYKTYypOHu
MarHeToruiioMOuTa, conaepxkanmu Takke ¢azy o-Fe,O; KommuecTBOo KOTOPOW
MOCTETIEHHO YBEJIIMYMBAIOCH MPH MOBbIeHUH X 10 0.4, u B obpasuax ¢ 0.3 <x<0.4
B HEOOJIBIIOM KOJIMYECTBE MPUCYTCTBOBANM Takxke ¢a3pl SmFeOz;. IT0 Moka3biBaer,
4TO MpejelbHAas BEIMUYMHA CTEICHM 3aMelneHust x HoHoB Sr, Fe** momamm Sm**,
Zn** B deppure SrFe;,010 ipu 1473 K uyTh pasa 0.2.

[Tonyuennsie st 00pasnoB ¢epputoB Sri,SmyFe;;,ZnO9 (0 <x<0.4)
TEMIIEpaTypHbIE 3aBUCUMOCTH YIEIbHOW HAaMAarHW4EeHHOCTU (Oy,), H3MEPEHHOU
Metrogom @Dapaaes B MarHuTHoM mojie 684.4 kA/M (0.86 Tn) B wuHTepBaje
temrepatyp 77-900 K, mo3Bonunu onpenenuts Ttemmepatypy Kiopu (T.) mms atmx
beppuTOB, 3HAYEHUSI KOTOPOU MPUBEACHBI B Ta0. 1. YCTaHOBIEHO, YTO yBEIHMUCHUE
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nmapameTpa coctaBa X oOpasmoB Sry,SmyFe;;ZnOi9 TPUBOIUT K TOCTETICHHOMY
ymensbiieHuto temneparypsl Kiopu ot 731 K gist SrFeq 1,019 10 717 K aiis o6pasua c
x=0.4.

Ha puc. 1 B xauecTBe mpumepa MNpUBEICHbI METIU THUCTEpe3nca YIeIbHOU
HamarHuueHHoctu s SrFeq 509, U3MepenHold mpu temmeparypax 5 u 300 K B
MarHuTHeix moisx g0  11140.8 kA/m (14 Ta). Ha puc. 1 BujgHO, 4YTO
HaAMarHM4eHHOCTh HachilleHus ¢epputa crponuus SrFe ;019 gocTHUraeTcss B mojsix
okoo 23873 kA/M (3 Tm), BbIme KOTOPHIX MPOUCXOTUT  HEOOJIBIIOE
OE3ruCTepe3UCHOEC BO3PACTAHWE HAMATHWMYEHHOCTH 3a CYET Maparporiecca.
[TonoOHbIE METIM MAarHUTHOTO THUCTEpE3UCa YACIbHOM HAMarHMYEHHOCTH TNIpU
temriepatypax 5 u 300 K B MarHuTHbIX nojisix 10 14 T mosydeHsl M U1 IpYTUX
obpasmoB ¢epputoB Sri,SmyFe;;,Zn0O19 (0<X<0.4). OgHako Ha puc. 2 WA
JydIlled HarjasiAHOCTH OHM MPHUBEACHBI B MATHUTHBIX MOJAX JMIIb 10 2387.3 kKA/M
(3 Tn), T.e. 6e3 yuacTka JMHEIHON 3aBUCUMOCTH Gy, OT H, HO KOTOpBIC B HHTEpBaje
MarHuTHBIX 1mojei 3-14 Tin npucyTCTBYIOT Ha BCEX DKCHMEPUMEHTAIBHO MOTYyUEHHBIX
MEeTJISIX MarHUTHOTO TUCTEPE3nca UCClIeJOBaHHbIX GepputoB. [lyTem skcTpanoisium
JMHEHHOIO y4acTKa 3aBHCUMOCTH Gy; 0T H 1o H =0 ma SrFe;,049 (puc. 1) n nis
BCEX JPYTUX UCCIEAOBAHHBIX (eppuToB npu Temmeparypax S5 u 300 K ompeneneHsr
3HAUEHHUS yIEIbHON CaMONPOU3BOJIBLHON HAMATHUYEHHOCTH (G,), 3HAUEHUSI KOTOPBIX
npuBeneHsl B Ta0a. 1. [[ns onHOdaszHbIX 00pa3oB dheppuToB Sri,SMyFe;;4ZNny01g ¢
X=20,0.1,0.2 no hopmyie

LY
° 5585

n

raie M — MomsipHast Macca cooTBeTCTBYMOMIEero depputa, 5585 — BenuunHa, paBHAs
MIPOU3BEACHUIO BEIMYMHBI MarHeToHa bopa (pg) Ha 4yucio ABOrajapo, pacCUUTaHbI
3HA4YEHUsI CAaMOMPOU3BOJILHON HaMarHM4eHHOCTH (N,), BBIPAKEHHOM B MarHeTOHAax
Bopa Ha ogny GpopmynbHyto enuHuily ¢peppurta (tadu. 1).

2 WEAMZ-"I\'I' LA 2/kr
G, AM /Kr 120 TR e ;
. P R —
e oyt
2 / { ;r:‘ / . ‘
2 / I 2 3
H, Tn
-1204 6
—— 77 G A /Kr
! 4
6 8 10 12 14 B R —
- wl 2
S T [ 7 3
H,Tn _ A:%U, L, Tn
-80
Puc. 1. Ilemau eucmepesuca yoenvHoul Puc. 2. Ilemnu aucmepesuca yoeabHoti HAMASHUYEHHOCTU Oy,
namaznuyenrocmu npu memnepamypax 5 K (1) u 300 K npu memnepamypax 5 K (1) u 300 K (2) onst SrixSmyFeq.
(2) ons SrFe ;019 «ZNO19 npu x =0.1 (a), 0.2 (), 0.3 (8), 0.4 (2)
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3a BEIIMYNHY yACIbHOU HAMarHM4YEHHOCTH HACBIIIEHUS (o)
COOTBETCTBYIOIIETO (heppHUTa MPUHUMAJIACh BEIUYMHA YICIbHON HaMarHMYEHHOCTH,
U3MEpCHHOH B MarHuTHOM moje 3 Tn. JlanHele, npuBeacHHBIE B TaOd. 1,
MOKa3bIBAIOT, YTO BEIWYHMHBI G5 I GeppuToB  Sri,SMyFe;,ZNn09  nuib
HE3HAUMUTEIHLHO MCHBIIIE BCIMYUH CaMOIPOM3BOJLHONH HAMarHMYCHHOCTH O,
JlaHHbIC, MMPUBEICHHBIC B Ta0/. 1, MOKa3bIBAIOT, YTO BEIMYUHBI CAaMOIPOU3BOILHOM
HaMarHu4eHHOCTH (Ny) 0JHON (HOPMYITBEHOHN eIMHUIIBI HCCIEAOBAaHHBIX (DEPPHUTOB Sty
wWMyFe;4Zn,019 co crenenpio 3amemenus X = 0.1 mpu Temneparypax 5 u 300 K Ha
12.9 u 10.1% cooTBeTcTBeHHO OoJbIe, YeM i O0a3zoBoro (eppurta SrFe;;0i9, a
kospruTuBHasA cwia H. mpu 5 u 300 K g deppura ¢ x=0.1 ma 57.2 u 23.3%
COOTBETCTBEHHO MeHbIIIe, yeM I SrFe 5019

Tabnuya 1. Temnepamypa Kopu (Tg), yoervbhas camonpou38oivbHas HAMAZHUYEHHOCMb (0),
YOenIbHAsl HAMACHUYEHHOCMb HACLIWEHUS! (Ts), CAMONPOU3BOIbHASL HAMACHUYEHHOCHb OOHOLL
GopmyavbHoU eOunuybl (Ng), yOeabHAsk OCMAMOYHAS HAMACHUYEHHOCMb (Or), KOAPYUMUBHAS CULA
(sHe) obpasyos peppumos Sr1xSMyFe12xZNO19 npu 5 u 300 K

T=5K T=300K
Go, nOl Cs, Cr, 0H01 nOl Cs, Cr, GHCl
A-MY/KT g A-MY/Kr |AMY/kT [KA/M s A-MY/kr |AMYKRT KAM
0 731 92.78 1763 91.81 4199 (15524 [12.63 [62.56 31.12 289.31
0.1 | 723 |103.99 19.90 102.68 [35.89 [66.52 13.90 [72.3 34.48 221.75
0.2 | 721 96.64 18.62 96.21 [33.48 [53.71 12.96 [66.31 30.32 916.50

0.3 | 719 (88.90 88.59 29.86 [71.05 61.18 27.95 216.50
0.4 | 717 (73.06 71.71 25.3 71.93 44.14 21.32 225.81
&,CMmceM’ 08 10 12 14 16 18 20
0081 gL ook

0.07 | g

0.06 -4

0.05 -6 1

0.044 -8

0.03

0.02]

0.011

00072250 600 800 000 Lne Cnent” 6
a T, K

Puc. 3. 3asucumocmu yoenvnoii snexkmponposoonocmu () om memnepamypwi 1 (a) u In e om T
(6) peppumos Sr1 xSmyFe1, «ZnyO19 npu X=0 (1), 0.1 (2), 0.2 (3), 0.3 (4), 0.4 (5)

[TpuBeneHHbIC HA PUC. 3 3aBUCHUMOCTH yJICIBHON 3JICKTPOIPOBOAHOCTH (&) OT
temnepatypbl T (a) u Ine ot T! (6) mns obpasios depputoB Sri_SmyFei, ZNn,Oqg
MOKA3bIBAIOT, YTO JIEKTPOIPOBOTHOCTh BCEX MCCIIEAOBAHHBIX 00pa3IoB (heppUTOB C
MOBBIIIIEHUEM TEMIIEPaTyphl YBEIUYUBACTCS U SIBIIACTCS MOJYMPOBOJAHUKOBOM. [Iis
onHO(a3HBIX 00pa3loB MOBBINMICHUE cTeneHn 3amemenus X oT 0 go 0.2 mpuBoauT
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MPU OJIMHAKOBBIX TEMIIEPATypaX K YMEHBIICHUIO YIEIBHOW 3JIEKTPOMPOBOTHOCTH.
Tak, Hampumep, yaenbHas 3yeKTporpoBoaHocTh mpu 900 K (agg) a1 00pasios
deppuros ¢ X =0, 0.1, 0.2 para 17.0-10°°, 12.2.10°°, 3.7-10° Cm-cm *. B oGmactu
coctaBoB ¢ X = 0.3, 0.4 ynenpHas 3JI€KTPONPOBOJHOCTh U3MEHSAETCS HE3HAYUTEIHHO
u mpu 900 K oma pama 4.5-10°, 3.1.10° Cm-cM ‘coorBectBero. Jmsi Bcex
ucciaeoBaHHbIX heppuToB Sty (SMyFe1, «ZN,O19 Ha MPIMOIMHEHHBIX 3aBUCUMOCTSIX

Ina or T (puc. 3, 6) HAGIIONACTCS M3/IOM IIPH TEMIIEPATYPE Ty, KAK H B CHCTEME
Sri,LaFe» Co,0q9 [5]

Tabauya 2. Suepeus axmusayuu 31eKkmponposoonocmu Hudice (Ea1) u evtwe (Epz) memnepamypoi
Tz 6enuuuna AE = Epy — Ea1 015 heppumos Sri xSmyFeir «ZnyO1g

X Tmn: K EAl, B EAQ, 5B | AE, 5B
0 860 0.54 0.59 0.05
0.1 | 920 0.60 0.74 0.14
0.2 | 860 0.86 0.93 0.07
0.3 | 750 0.90 0.99 0.09
0.4 | 840 0.99 1.04 0.05

[TonyueHnnsie pe3ynbTaThl (Tabd. 2) MOKA3bIBAIOT, UYTO YBEIWYCHHE CTCIICHU
3aMELIeHns. X HOHOB Sr°' B dbeppute SrFe ;0,9 moHaMu Sm*" u wonos Fe*" nonamu
Zn** ot 0 10 0.4 [IPUBOAUT K IOBBILLICHUIO YJHEPTUU aKTUBALIMU JJIEKTPOIPOBOIHOCTH
Ea1, Ea2 oT 3Hauenmit 0.54, 0.59 3B cootBerctBeHHO st depputa SrFe ;059 10
BemmuuH 0.99, 1.04 3B mns TBepmoro pactBopa StroeSMg4Fe116ZN04019. Pazauma
Mexy Eap u Ep; (AE = Ear — Ear) Tipu yBenuueHUU X U3MEHSAETCS He3HAYUTEIBHO:
ot 0.053B mms SrFe ;019 mo 0.14, 0.07 5B mns TBepAbIX pacTBOpoB Sry (SMyFes,
«ZNO19c X =0.1, 0.2 COOTBETCTBEHHO.
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MHOKECTBEHHASA TUATHOCTUKA MATEPUAJIOB METOAOM
JNHAMHNYECKHUX PEHIETOK

E.B. UBakun, 1.I'. Kucesnes
HUnemumym ¢uszuxu HAH Benapycu, 2. Munck, berapyco

CTpeMHTENbHOE pa3BUTHE IUICHOYHBIX TEXHOJOTHH, TOABICHUE HOBBIX
MaTEpUaJOB C YHUKAJIbHBIM COYETAaHHEM TapaMeTpoB TpeOyIOT pa3BUTHUS
aJICKBaTHBIX METOJOB Jii OOBEKTHUBHOW OLEHKM MX Hanbojiee BaKHBIX (MHOT/AA
paHee HEeJJOCTYIHBIX ) XapaKTEPUCTHK.

JlaHHBIM JTOKJTaI0M MBI XOTE€NU Obl NPUBJICYh BHHUMAHHUE CICIUANNCTOB B
00JlaCTH  J1a3€pHO-ONTUYECKOTO MPUOOPOCTPOEHUS U  MATEpUATIOBEACHUS K
pe3yJsibTaTaM, MOJyYEeHHBIM HAMH C TIOMOIIbIO METOJ1a JUHAMHUeCKHUX pemérok (/IP)
[1, 2], m paccMoTpeTh BO3MOXHOCTHM CO3JaHUSI Ha €ro OCHOBE HEKOTOPBIX
CHELMATM3UPOBAHHBIX ~ JIMAarHOCTUYECKMX  NpUOOpOB I OCYLIECTBIICHUS
OECKOHTAKTHOTO KOHTPOJSI KOHKPETHBIX XapaKTepUCTUK MarepuaiioB. O000IIeHHas
CX€Ma JMarHOCTUYECKOTO YCTPONCTBA NMPHUBEICHA HA PUCYHKE 1.

ICUHXPOUMITY/bC MMNynbCHbIN
! * nasep
He-Ne || 213,266, 355, 796 rm

633 HM

HenpepbIBHbIV

-]

L{ugbposoti
ocuyusnnozpagh

Puc. 1. Cxema ycmanoexu: 1 — ammentoamop, 2 — ceemooenumeins,
3 — akycmoonmuueckuii MoOyIAmMop, 4 — nory8oIHO6As NIACMUHKA, 5 — 0bpasey,
6 — onmoeonokno, 7 — pomonpuémnux

@aKTUYECKHA, B CO3JAHHOM YCTPOMCTBE pEAJIU30BaH IPOCTPAHCTBEHHBIN
aHaJoOr IIMPOKO M3BECTHOIO NPUHIMUIIA MOAYJSAIMOHHOW crHekTpockonuu [3],
obnagaromiei PEKOpIHOM YyBCTBUTEJIBHOCTBIO, YHUBEPCAIBHOCTHIO u
CEJICKTUBHOCTHIO0. VIMmynbcHOE BO30yXkaeHHE oOpasila OpPraHW30BaHO TaK, 4YTO
pacripesieyieHde  IJIOTHOCTHM  MOIIHOCTH — JIA3€PHOTO  M3JIYYCHHUST 10  MATHY
BO30YKJIEHUSI OMMCHIBAETCS TApMOHUYECKOW (GyHKIMEH ¢ 3adaHHBIM Tepuoiom A.
BcnenctBrue n3MeHeHUsI KOMIIEKCHON TUANEKTPUUECKON MPOHUIIAEMOCTH B 00pasiie
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MO/ IEHCTBUEM HAaKa4YKu (DOPMHUPYIOTCSI OJHA WIIH Cpaszy HECKOJbKO JIP pa3nudHbIX
TUNOB U (U3MUECKOW MNPUPOABL: PEbePHO-TIOBEPXHOCTHASI, 00beMHasi, (a3oBas,
aMIUTUTY/IHAs, DJIEKTPOHHAs, TEIUIOBasl, aKycTuueckas u T.nm. OOpaseln 30HAUPYIOT
My4YKOM OT OTAEJNBHOTO Jla3epa HEMPEPHIBHOTO WM WMIYJIbCHOTO ACHCTBHUS U C
MOMOIIBIO BBICOKOpAa3peaoimero (HoTONMpUeMHHUKa MO pa3pabOTaHHBIM MOJIEISIM
ONPEENSIOT BPEMEHHBIE U aMIUIUTYAHBIC ITapaMeTphl CUTHANA TU(PaKIIUH.

Meron JIP xapakTepusyercsi CBOEH YHUBEPCAIBHOCTBIO 10 OTHOWIEHUIO K THUITY
HCCIIEAYEeMOTO MaTepuana u u3MmepsemMomy mapamerpy. Ocoboe MecTo 3aHMMaeT
HCITOJIb3yeMO€ TOMOJMHHOE JETEKTHpOBaHWE CUTHaa audpaknuu. [IpucyrcrBue
KOTEPEHTHOTO TOJIsi TOMOJWHA 0oJiee YeM Ha MOPSAOK YBEIMYHUBACT AMIUTATYIY
CUTHAJIa W JeNaeT BO3MOXHOH  (ha30BYIO  CENEKIIMI0O B  Clydae ero
MHOTOKOMITOHEHTHOCTH.

B nokinane mpuBOASATCS HEKOTOpPBIE PE3yIbTaThl U3MEPEHUST (HYHKIIMOHATBHO
BAXHBIX MIapaMETPOB MATEPHUAJTIOB: TEIUIONPOBOAHOCTH BIOJb W HOPMAJIBHO
MOBEPXHOCTU C pa3pelieHueM 10 TJIyOMHE W HampaBlICHUIO TEIUIONEepeHoca,
MOJABMKHOCTh U BpeMsI *KU3HU CBOOOHBIX HOocuTesel 3apsina (CH3) B mIIeHOYHBIX U
O0OBEMHBIX TMOJIYIPOBOJHUKAX, CKOPOCTh pACIpPOCTPAHEHUS TOBEPXHOCTHBIX U
O00OBEMHBIX aKyCTHYECKHMX BOJIH B JUANa3oHE 0 COTEH Merarepil, BpeMs XU3HU
METacTa0MJIBHOTO  ypOBHA B  JIa3€pHBIX  Marepuaiax, TEePMOONTUYECKUE
KO3 GULIMEHTHI U T.I.

&=
=Y
)

YpoBEHb (POHOBOW 3aCBETKU

CurHan audpakuum, oTH.en.
o

o
©

T T T T

06 0,8 1,0 1,2 1,4 1,6
Bpems, mkc

Puc. 2. Dnexmpounnas (kunemuxa 6nu3) u menioeas (KUHemuKa 66epx) KOMHOHeHmMbL OUPPaKyul,
Habnooaemolti 8 oopaszye noauxpucmaniuyeckozo CVD anmaza. Bozoyscoenue /[P na onune 8otbl
213 Hm. 30HOuUposanue 8 npoxoosawem ceeme

Ha pucynke 2 mnpuBeneHa KuHEeTHKa JUGPaKIUMM B TOHKOW IUIACTHHKE
napodaznoro (CVD) noaukpuCTaUIMYECKOTO ajiMasza, KOTOPBIH, KaK HU3BECTHO,
SIBJISIETCS MIUPOKO30HHBIM MOJIYNPOBOIHUKOM [4]. [Ipyn MEK30HHOM BO30YKJICHUU B
ieHke gopmupyrotcss nBa tuna P - snexkTpoHHas (KOPOTKUI UMITYyJIbC BHU3) U
TerioBast (curHaid BBepX). BpemeHHble MapaMmeTpbl SJEKTPOHHOW KOMITOHEHTHI
WCIIOJBL30BaHBI JJ1s onpeaeneHus noasmwxkHoctd CH3 u ux BpeMeHn peKOMOWHAIINH.
TennoBass kommoHeHTa Judpakuuu GopMHUPYETCs B pe3yibTare JIOKAJIbHOTO
TETJIOBBIJICTICHUS, BRI3BAHHOTO OBICTpOM Oe3bl3iydarenbHoi pekomOunanuein CH3 u
UCIIONB3YETCSl JUIsl ONMPEACIICHUS TEeMIEPATypONPOBOJAHOCTH (TETIONPOBOJHOCTH)
obOpasna. ['opu3oHTanpHas JuHUS (POHOBOW 3aCBETKM HA PHCYHKE XapaKTepHU3yeT
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YPOBEHb UHTEHCUBHOCTH FOMOJMHHOTO UCTOYHMKA. [[pOTHBOMOI0KHBIE OJIIPHOCTH
CUTHAJIOB TU(MPaKIUK OTHOCUTENIBHO JIMHUW TOMOJMHA O3HAYyaloT, YTO M3MEHEHHE
nokasarelis MpejoMJieHus B oOpasie 3a cuer u3MeHeHus mwiotHoctd CH3 wu
BCJICJICTBUE HAarpeBa MMEIOT MPOTUBOIIOJIOKHBIE 3HAKH. BennunHa TpaHCHOPTHBIX
KO3 (DUIIMEHTOB CYIIECTBEHHO 3aBUCHUT OT KOHIIEHTpaluu JAe(EKTOB M IUIOTHOCTU
CH3 [5].

[IpuBeneHHBIN MpUMep HATISAHO WILTIOCTpUpYET A dexTuBHOCTH MeToaa [P
B JIMarHOCTHKE TMOJYIPOBOJAHUKOB. MeToa OCOOEHHO TOJE3eH MpU H3YYCHUU
CBOMCTB TEPMO3JIEKTPUKOB (Y3KO30HHBIE MTOITYITPOBOIHUKH ), KOTOPBIE UCIIOIb3YIOTCS
IUIA TIpeo0pa3oBaHUs TEIUIOBOM SHEPIMHM B AJICKTPUUYECKYIO. B 3THX MaTepuanax
HE00X0uMO, 4T00kI IoBIKHOCT, CH3 Oblla MakcMMallbHOM, a TEIIONPOBOIHOCTh —
MHHUMAJIBHOW. Y 100cTBO MeToAe JIP cocTomT B TOM, UTO AWHAMHKA TEIJIOBOM U
ANIEKTPOHHON KOMITIOHEHT HCCIIEAYETCS OJHOBPEMEHHO.

B Hactosmee Bpems B HMHcruTyre (UMK HayaThl MCCIEAOBAHUSA
TEPMOIEKTPUUYECKUX TMpeoOpazoBaTesiel Ha OCHOBE HAHOCTPYKTYPHUPOBAHHBIX
IUICHOK XaJIbKOreHUJ0B CBUHUA. Ha pucyHke 3 mnoka3aHa KHHETHKAa 3aTyXaHMs
curHana Audpakiuy 1Jis MOIyNpOBOJHUKOBOM mieHku PbTe Tommmuoii 0,7 MkM Ha
CTEKJISHHOM TIOJJIOKKE TpuU  BO3OYXKJeHMM Ha JiuHe BoHbl 1064 HM.
Peructpupytorcs cpasy Tpu Tuna JIP. Ocuwuisiumu curHana oO0yCJIOBIIEHBI
(GbopMHpPOBaHUEM aKyCTHUECKON BOJHBI B YaCTOTHOM jAuamna3oHe 8-9 MI'1 B ToHKOM
IIPUIIOBEPXHOCTHOM CJIO€ Bo3ayxa. llo wW3MepeHHOW 4YacToTeé W HW3BECTHOU
(cipaBOYHOI) TeMIlepaTypHOM 3aBHCHUMOCTH CKOPOCTH 3BYKa B BO3JyX€ OLIEHEHa
TEeMIIepaTypa 3TOro Cjos, a, CIEJA0BATENbHO, U TEMIIEpATypa MOBEPXHOCTU TUICHKH B
MOMEHT U3MEPEHUS.

- CH3
V3B. = 395 m/c

v

AkycTuka

14 4

erfc

Tenno
i

curHan andpakuum, mB
N

0,0 0,5 1,0 15
Bpems, Mkc

Puc. 3. 3amyxanue /[P 6 niénxe PbTe. B nauane epapuxa éuden ys3xuii nux ougppaxyuu
INEKMPOHHO20 npoucxoxcoerus. Kpome mozo, na gpone cpasnumenbHo medenHOU Meniosoll
KOMNOHEHMbl HADII00AOMCs 8bICOKOYACMOMHUbIE AKyCmuyecKue ocyuiiayuu. 30Houposanue 8
OMPAaNCEHHOM ceeme

Hcnonp30BaHne B MNPOW3BOACTBE PA3IMYHBIX BAPUAHTOB TEXHOJOTHYECKUX
IIPOLIECCOB YaCTO CKa3bIBACTCS HA BHYTPEHHEM CTPOCHUH ITOJYyYa€MbIX MaTEPUAJIOB.
CBsi3p TEIJIONPOBOJHOCTU C OCOOCHHOCTSIMH CTPYKTYpbl 00paslioB (IIOPUCTOCTb,
3€pHUCTOCTh, IUIOTHOCTh Je(pEeKTOB W  T.A.) TO3BOJIIET BBIABIATH  OTH
3aKOHOMEpPHOCTH ¢ nomouipto metona /[P. B kadectBe mpumepa Ha pucyHke 4

88



MOKa3aHa 3aBUCUMOCTh U3MEPEHHOU TEIIONPOBOJHOCTU BepXHEro ciost (20-30 MxMm)
IEHKK aHojHOrO okcuja amoMmuHus Al,O; Tommuuon 100 MKM, BbIpallieHHOW Ha
MaCCHBHOH aJIOMHUHHEBOH IOJJIOKKE, OT BEJIMYMHBLI aHOJHOI'O TOKA.

BT1/(M*K)

20 40 MUH
1 Algm®

19|

40 MuH E 40 MUH 30 mMuH 20 MuH,
18 F 2Apm* I- - _ % [] npo6oi
~~~~~ e i \
5A/om
1,7}
{40 MWH
E 3 Algm®
16 O6pasey a
#1 #2 #3 #4 #5 DC

Puc. 4. Tennonposoonocmo niénku anoonozo Al,O3 npu paznuunsix napamempax
8bICOKOBOJILIMHO20 AHOOUPOBanus. Mzmepenus nposoounuce npu nepuooe AP 25 mxm. Yucnamu
VKA3aHbl 3HAYeHUs. NIOMHOCIU AHOOHO020 MOKA U 8peMsl npoyecca

[TonyueHHasi 3aKOHOMEPHOCTh YKa3bIBAET HA TO, YTO YPE3MEPHOE MOBBIIICHHUE
IUJIOTHOCTM TOKa B MPOLECCE DIJIEKTPOJM3a NPUBOOUT K  YMEHBIICHUIO
TETUIONPOBOJAHOCTH MOJTY4aeMOM TUIEHKH OKCUA aTFOMUHMUS.

[IpakTyeckuii MHTEpEC MPEACTaBISIET TaKKE TEIuloBash JUarHOCTUKA

CY6MI/IKpOHHBIX IJICHOK, KOTOpI)Ie, KaK HpaBI/IJ'IO, HaxXodATCs B TCIIJIOBOM KOHTAKTE C
HOJJIOKKOM.

0,030 -

0,025 - }
0,020
T Inénka AITY

0,015

0,010; % }

0,005 1 3
CTEeKNo

JpcheKTUBHAA TEMMNEPATYPOMPOBOAHOCTD 7 ¢ [cMz.’c]

0,000 . : - - : : : : .
25 20 15 10 5 0
MNepuog peweTkn A [MKM]

Puc. 5. 3asucumocmo 3¢pchexmuerotl memnepamyponposoOHOCIMuU CUCHEMbL NIEHKA-NOOLONCKA
om nepuoda /[P. 3onouposanue 6 npoxoosuem ceeme

Ha PUCYHKE 5 MpEeCTaBJICHA 3aBUCUMOCTh apexTruBHOM
TEMIIEPATypPOIPOBOJHOCTH ¥ OT A JUIsl CHCTEMbl «IUIEHKA aaMa30noj00HOro
yraepoaa (AIlY) Ha cTeKJISIHHOM MOJJI0KKe». BUIHO, 94TO MpU MajbiX U OOJBIINX
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nepuonax JIP pesynprar m3MepeHus: OJIM3KO COOTBETCTBYET TEIUIOBBHIM CBOMCTBAM
IJIEHKHU U CTEKJIa COOTBETCTBEHHO. JTOT MPUMEP MOKA3bIBAET, YTO MyTEM M3MEHEHHS
nepuoaa /AP MOXkHO mocinenoBaTebHO ONPENEIUTh TEILUIONPOBOJHOCTh IICHKU U
NOJIOKKH B OTIEIIBHOCTH.

B noknage npuBOAATCA TakKE€ HEKOTOpPbIE Pe3yJbTaTbl JUATHOCTUKHU
COBPEMEHHBIX JIa3€PHBIX MATEpUAIOB MO TEIUIOBBIM M 3JIEKTPOHHBIM IapaMeTpam
[6,7].

Pabora Bemonnena npu nogaepxkke BPODU no mpoextam ®11JIUT-006 u
®13K-063.

ABTOpBI BBIpaXaroT OJIArOAAPHOCTh TEM OpraHU3alUsIM, KOTOPbIE JIO0E3HO
MIPEIOCTAaBUIIM CBOM O0pa3Lbl AJIs1 TECTUPOBAHMUS.
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JIABEPHBIE TEXHOJIOTUYECKUE CUCTEMBI HA BA3E
OIITOBOJIOKOHHBIX JIASEPOB

B.B. XKapckuii, O.I". JleBoitHo
00O «Pyxcepsomomopy, 2. Munck, benapyco
benopycckuu nayuonanvhviu mexuuueckuu ynueepcumem, 2. Mumnck, beaapyco

00O «PyxcepBomoTOp chenuaiu3upyercs B o00JacTud pa3pabOTKu U
MPOU3BOJICTBA CHUCTEM MPSIMOTO JJIEKTPONPHUBOAA, a TaKKe MPEIU3UOHHBIX
KOOPJIMHATHBIX CHCTEM U CTAHKOB Ha 0a3e MPsSMOTo 3JIEKTPOIPHUBO/IA.

KoHkypeHTHBIE MpeuMyliecTBa TEXHOJIOTUU MPOU3BOJCTBA CUCTEM MPSMOIO
npuBoaa «PYX» - 3To 3amareHTOBaHHAs MOJIYJIbHAS KOHIIENUIHS MOCTPOCHUA
ANEKTpOBUTATENCH. Ba30BBIM AIEKTPOMAarHUTHBIM MOAYJIb MPEACTABISET COOOM
AJIEMEHTApHBIA  AJIEKTPOMEXaHUYECKUM  MpeoOpa3oBaTelb  JIEKTPOMArHUTHOM
HHEPTUU B MEXaHUUYECKYI0 paboTy (JIMHEHHOE Wi KpyroBoe nepemenieHue). Ha 6aze
€AMHOTO YHU(PUIIMPOBAHHOTO MOMAYJS CTPOMUTCS MPAKTUUECKH HEOTPAaHUYCHHOE
KOJIMYECTBO  CUCTEM  MOPSIMOTO  MPHBOAA  PA3JIMYHOTO  HA3HAYEHUS  OT
MHUKPOIJIEKTPOHHUKH JO TSKEIOTO CTAHKOCTPOEHUS.

Ha 0a3ze JMHEWHBIX CUHXPOHHBIX JBHUraTeiedl pa3zpaboTaHa cepusi CTaHKOB
nazepHoit 00padoTku (LaserCUT-XXXX), nmpenHa3HaYeHHBIX IS IIHUPOKOTO CIIEKTpa
TEXHOJIOTUYECKUX OIepalluii, BKIIIOYash pacKpoll M CBapKy JMCTOBOIO MaTepuala,
VIOPOUHEHHUSI OT/ACJIBHBIX KOHTYPOB M MapKUpPOBKY Jnetaiel. B  crankax
HCIIOJIb30BaHbI CaMble TIEPE0BbIE MHHOBAIIMOHHBIC PEIICHUS, KaK B YaCTH JIa3€PHBIX
TEXHOJIOTUM, TaK M B YacCTH KOOPJAMHATHBIX M TNPOTrPaMMHO-AIIMAPATHBIX CHUCTEM.
Cranku UMEIOT MOPTATBHYI0 KOHCTPYKIHMIO ¢ mepemenienue 1,5x3 M (2x6, 2.5x9) u
KOMILJIEKTYIOTCSI UTTEpOMEBBIMU ONTOBOJIOKOHHBIMH JIa3epaMu MOIIHOCTHIO OT 0,6
1o 4 kBT.

Cranok LaserCUT-1000 ocHarreH ja3epHbIM UICTOYHHMKOM MOIIMHOCTHIO 1 KBT.
KoopaunatHasi cucteMbl CTaHKa BBINIOJIHEHA B BUJE MOPTAIbHON KOHCTPYKIIMHM Ha
0a3e nuHelHbIX oceit LSMA-T-32- ¢ mpumeHeHHeM aliOMHUHUEBOTO Mpoduis u
BCTPOCHHOTO B HEro JMHEHHOTro CUHXpoHHOTO aABuratens LSM-32-540-50 c
mukoBbiM  ycuieM B 1700 H. Ilpm Tako KOHCTPYKTMBHOW peaau3aluu
KOOpJMHATHAsI CUCTEMa CTaHKa uMeeT npeaenbHoe yckopenue 0,7¢. Ilpu ykazanHou
JTMHAMUKE CTaHOK 2(()EKTUBEH B IMana3oHe TOJIIUH JIMCTOBOTO MpokaTa oT 1 10 8 Mm.

Cranok LaserCUT-2000 npenHa3HaueHHBIA JJIs1 PACKpOsl JIMCTOBOIO MpPOKaTa
oT 0.1 mo 16 mMm. KoopauHaTHas CUCTEMBbI CTAaHKA BBINIOJHEHA B BUJE MOPTAIbLHOU
KOHCTPYKIIMM Ha ©0a3ze JsmHeHbIX oceil LSMA-T-32-540 ¢ npuMeHeHuem
ATFOMUHUEBOT0 PO(UIISI U BCTPOSHHOTO B HETO JIMHEHHOTO CUHXPOHHOTO JIBUTATEJISI
LSM-32-540-75 ¢ nuxoBeiM ycunueM B 2600 H, uto obecmeunBaeM KOHTYpHOE
yckopenue 110 1,5¢. Bbelcokoe MUKOBOE yCUIIME JIMHEHHBIX IBUTATENIe U )KECTKOCTh
KOHCTPYKITUU 00€CTIeUYnBAIOT TPeOyeMble YCKOPEHUS, HEOOXOIUMBIE JIJIsI TOBBIIIICHUS
MIPOU3BOJIUTEIIBHOCTH CTaHKA MPH PE3KE JCTAICH C MaJIbIMU PAJANYCAMU 3aKPYTICHUS
U OCTPBIMH yTJlaMH, a Takke OO0eCrneYnuTh KadyeCTBEHHBIH PACKpPOW TOHKOTO
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JUCTOBOTO MaTepHalia, COXpaHssl TEXHOJOTHYECKHE PEXUMBI MPAKTUYECKH Ha BCEX
CJIOKHBIX TEOMETPUYECKHUX (PUTYpPaAX.

Kommnekc nazepuoit pesku LaserCUT-3000 npennasHadueH s packpos
IIMPOKOTO JHana3oHa MaTepuanoB (KOHCTPYKTHBHAas W HEp)KaBEIOIIas CTajb,
ATIOMUHHUA, MEIh W JAp. MaTepuaibl) M BOIUIOMIAET B cebe caMble TEpeloBBIC
WHHOBAIIMOHHBIC PEIICHUS KaK B YaCTH JIa3ePHBIX TEXHOJOTHUH, TaKk W B YacTH
KOOpJIMHATHBIX cucTeM. CTaHOK OCHAIIEH JTUHEHHBIMU CUHXPOHHBIMH JIBUTATEISIMU
LSM-P32-540-100 ¢ nukoBbIM TATOBBIM ycuiaueM B mpenenax 3000 H, urto B
COUYETAaHHH C MEXaHU3MOM IMapalIeIbHON KMHEMAaTUKH 00ECIIeUnBaeT MEXaHUIECKOE
yCKOpeHHe B mpeaenax 2,5 g.

OCHOBHBIE ~ JOCTOMHCTBA  TEXHOJOTMYECKMX  KOMILJIEKCOB Ha  0Oasze
ONITOBOJIOKOHHBIX JIA3€POB:

Puc. 1. Obwuii 6uo komniexca nazeprou pesku LaserCUT-300003000

e [Togaeprkka TEXHOJOTHUH JTa3€pHON Pe3KH, YMPOUYHEHHUs JTUCTOBOTO MaTepHuasia
Y TEXHOJOTUYECKON MapPKHUPOBKH JCTAIICH.

e OTCyTCcTBHE ONTHYECKOTO KaHama Ui TIepelaadyd DSHEPTUU — JIa3epHOE
U3IIyYCHHE TTepeaacTcs M0 THOKOMY ONTHYECKOMY BOJIOKHY HEIIOCPEICTBEHHO
B 30HY 00paOOTKH. YTIIOBOE WCITOJTHCHHE ONTHYECKOW TOJIOBHI 00€CIIeurnBacT
HAJISKHYIO pabOTy BCEX ONMTUYECKHUX IEMEHTOB Ha BHICOKUX YCKOPCHUS.

e DKOHOMHYHOCTh TEXHOJIOTHYCCKHX IPOIECCOB 00paboTku  Oiaromaps
Bbicokomy KII/[ BomokoHHOTO MTTEpOMEBOTO JIazepa (B 4 pa3a dYKOHOMUYHEH
CO; cucrem);

e BrpICOKas TOYHOCTH, MIOBTOPSAEMOCTh MEPEMEIICHHN U JOJTOBCYHOCTh CTaHKa,
BBICOKAasi CKOPOCTh IOJa4 M YCKOPEHHE OJiarojapsi NMPUMEHCHHIO CHCTEM
MIPSMOTO TIPUBOJIA;

e Hu3skue dKCITyaTallMOHHBIE PACXO0/Ibl IO OOCTYKUBAHHIO CUCTEMBI B IIEJIOM I10
CpPaBHEHHUIO C KOMIUIEKCAaMH Ha 0a3e Tra30BBIX JIa3€POB 3a CUET BBICOKOM
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HAJIC)KHOCTH KOOPJAWHATHOW CHCTEMbI U HTTEPOMEBOTO BOJIOKOHHOTO Jia3epa, a
TaK)Ke OTCYTCTBHSI IIOTPEOHOCTHU B Ta3aX BHICOKOW OUMCTKHU AJIsI 00CTYKUBAHUS
ONITUYECKUX TPAKTOB Jla3epa.

00O «PyxcepBomoTop» coBMmecTHO ¢ BHTY wumeror ombIT B pa3zpaboTke u
BHEJIPCHUU CICIMATU3UPOBAHHBIX KOMIUIEKCOB I MOBEPXHOCTHOTO YIPOYHEHUS
JeTajie MaluH. MalnHbpl OCHAIIAKOTCS 3allaTEeHTOBAHHOW aJallTUBHOW OITUYECKOU
CUCTEMOH, MO3BOJISIONICH YIIPABIATh paclpeaesieHUEM YHEPTHH M0 CEUSHUIO TISTHA.
B kadecTBe JOINOJHUTENBHBIX OIMIUHA MOTYT OBITH KOHTPOJb  ITOJIOKCHHS
oOpabaTbIBaeMO¥ JIeTaJld B IPOCTPAHCTBE, a TaKkke ON-liNe KOHTPOIIb TeMITepaTyphI B
30H¢ TepMooOpaboTku. B 3aBucumMocTH OT TpeOoBaHWI 3aka3zumka, OOBEMOB
MIPOM3BOJICTBA MOXKET 0OecreueH TpedyeMblil ypOBEHb aBTOMATHU3AIUMKA 00pabOTKH.

Puc. 2. Yemanoska onsa ynpounenusi demaneii ¢ppuxyuona asmomobuns benA3 na 6aze
ONMOBONOKOHHO20 N1a3epa
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N3YUEHUE CIIEKTPAJIBHO-OHIYJISIHUMOHHBIX XAPAKTEPUCTHUK
IOJIYIIPOBOJHUKOBOI'O JIASEPA C BHEIIIHEN OIITUYECKOU
OBPATHOM CBSI3bIO

Xoy ®anxyans, E.JI. Kapux
benopycckuii 2cocyoapcmeennuiil ynusepcumem, 2. Munck, berapyco

Ieabp padoTBI: wHcCIeIOBAaHME MOJOBOTO CIEKTpa M MPOCTPAHCTBEHHBIX
OHIYJSAUNA MOIIHOCTH MHOTOMOJIOBOTO  TOJYIPOBOJHUKOBOTO Ja3epa MpHU
M3MEHEHUU YCIOBUIM BHEIIHEN ONTHYECKOW 0OpaTHOM CBS3H.

KosgpunueHT noreps B COCTABHOM pe30HATOpe.

[Ipu padote nazepa B ycioBusix OOC or BHemHero o0bekTa 3(hPeKTUBHbIE
KO3 (QUIMEHTBI OTEPH UL MOJI C PasIMYHBIMU ( OKa3bIBAIOTCA PasHbIMH (¢ )M

MOIIIHOCTA MO  OyayT aBueIP =al(a, —1'g ). Ilpegmomaraercs, 4YTO

ko3pdunreHT ycwieHuss B yazepe ¢ BHemHed OOC ocraercss TeM ke, 4TO U B
YEAMHEHHOM Jiazepe. DT0 O0OOCHOBAHO B Ciiyyae ciaaboi CBS3U, KOrJa M3MEHEHHE
HacelieHHocTe ypoBHel 3a cuer OOC odeHb Mano (3TU HEOOJIbIINE HU3MEHEHUS
MOXHO 3aperHCTPUPOBaTh, (PUKCHPYS B IIEMH IMUTAHUS Jla3epa TaK Ha3bIBACMBIN
ONTOANEKTPOHHBIN curHan [1, 8]). M3aMenenune xoadduiinenTa norepb 3aBUCUT OT
¢da3pl BO3BpAILAIONIETOCS B Ja3ep M3JIy4YeHHUs, a 3HAYUT, U OT HHJEKCAa MOJIBI.
[IpucBoum 3HaueHue q = 0 HOMEpY JTOMUHUPYIOIIEH MOJBI B YEIMHEHHOM JIa3epe,

torna P, =a/(@-1'Q,). B nanbheiimem ymo6HO paccMaTpUBaTh HOPMHPOBAHHKIE

CIIEKTPBI bq = Py / Py
- a-Iyqg,
pq aq _ng (1)

B nazepe ¢ aimHON coOCTBEHHOTO pe3oHaTopa L M rpynmoBbIM moka3areiemM
MIPEJIOMIIEHUS Ny BeIMuuHAA® = 7€/ Ny L, T1IE ¢ — cCKOpOCTh cBeTa B Bakyyme. [lIupuna
CIIEKTPA YCHJIEHHSI MOXET ObITh OLCHEHA M3 COOTHOWIEHHs NA®, ~2KT [7]. Ilpu

TOM U3 (2) g ko puimeHTa ycuaeHus: uMeeM

2 e\
g, :go(l_bq )’b:(ﬁTcﬁgL} ’gO:O—g(n_ng)

3)
[TosHBIE ONITHYECKUE TOTEPU B PE30HATOPE YEIUHEHHOTO J1a3epa
1 1
a=a +—In—
RR.. (4)
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rie a; — BHYTpEHHHE NOTepu B yaszepe; R, uR, - KO3QPUIMEHTH OTpaxeHHs
COOCTBEHHBIX 3€pKall ja3epa Mo MHTeHCUBHOCTH ( R,-ans 3epkano, oOpalieHHoro K
BHEIIHEMY OTPAXKaTEIIO).
[Ipennonoxum Tenepb, YTO B Ja3ep uyepe3 3epKajio R, BO3BpAIAeTCs 4acTh
M3JIy4eHUs], OTPAKEHHOTO OT BHEIIHETO OOBEKTA.
R, R, R,

1
-+ =I= L
[

| L

Puc. 1 Ilonynposoonurogulii nasep ¢ mpex3epKkanibHblM pe3oHAmMopoM

Hns xoaddunuenta norepb B yazepe npu Hamuwumu BHemHed OOC. Tlo
aHajoruu c (4) umeem

a,—a+ it —a+ it - Lingp)
2L RR,, 2L RR, 2L

1
IIpu cnaboii cBA3M jnasepa ¢ BHELIHMM OTpaxaTeneM (R, <<1 R, <<1) MOXHO

2

BOCIIOJIb30BaThCs M3BECTHBIM Npubmmkennem INL+B,) ~ P, . Torna
a, ~a—B,/2L |

(8)

Takum oOpazoM, nnsi nmambHEWIIUX pacdeToB jasepa ¢ BHemHedr OOC
JIOJDKHO MCIIOJIB30BaThCS BhIpaykeHue (8).

2. PacueT cneKTpa MOLIHOCTH NPOI0JIbHBIX MO/ Jia3epa.
O6o03HaunM 0s0 — AePUUUT yCUIICHUS TOMHHHUPYIOIIEH MOJAbI B YEAUHEHHOM
na3epe:
o, =a—-14g, :XFgo_ )

Torna na ocuoBanuu (1), (3), (8) u (9) 6ynem umers:
-1

|5q %(1+ qu _B—q
X 2xI'g, L
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Jlnst yemuaennoro nasepa R, =0, Torma Bq = 0 u 1151 MOIITHOCTHU OyZIeEM UMETh

bq z(l—i_ngj
X . (10)

Bpems 3amep:kky M3aydeHMs BO BHEIIHEW 4acTH pe3oHaropa paBHOz =2l/c,
II€ Z - PACCTOSIHUE OT BBIXOJHOIO 3apkajla R, 10 BHEMHEro o0Obekra. Begem

obosznauenuss; &=21/1, (A, =2aC/w,-11MHA BOJHBI JOMHHUPYIOIIEH MOIBI B
yeAMHEHHOM Jaszepe); o = A,/ ZEL; p=@1-R,)*/R,. B urore st MoOIIHOCTEH

JIA3CPHBIX MO OKOHYATCIIBHO ITOJIydacM
-1

- b pR 2
Pq=<1+—0° ————|1+ cos|27 (1+ o) ]
X 2I'g,Lx| /R, (11)
B I[aHHOﬁ MOACIN 3HAUYCHUA |5q IMOJIOKUTCIIbHLI IIPU BBITTOJIHCHUH HCPABCHCTBA
pR,/2+ PR, <I'g,Lx (12)

3aBUCHUMOCTH MOIHHOCTeﬁ OTACIABHBIX MO H CYMMapHOﬁ II0 CIICKTPY
MOIIIHOCTH OT paCCTOAHUA 00 0o0BeKTa IMpCaACTaBJICHBI HAa PUC. 2u 3, rac 0003HaYEHO

5, (%) = 100[ S,/ o, —1]
q=-10 q=-10 . (13)

3. IIpocTpaHcTBeHHbIe OHIYJSIIIUM MOIIHOCTH Jia3epa ¢ COCTABHBIM
pe30HaTOpOM.

UccnenoBanue CIIEKTPATBHO-OHTYJISIITUOHHBIX XapaKTePUCTUK
MOJIyTPOBOJHUKOBOIO ~ Jjla3epa  MPOU3BOJUTCA C  MOMOUIBIO  YHUCJIEHHOIO
MOJIETUPOBAHUS B CUCTEMAX KOMIbIOTepHOU MaTtemaTuku MATLAB.

Ha ocnoBanum dopmynsl (10) paccuntaeM MOJOBBIM CIEKTP YEAMHEHHOTO
nasepa npub =2.810";q=-5..0.. 5y = 10-5 monydaem Puc.4, rae ocb X — HOMeEp

MO, OCb Y — MOITHOCTb MOJ.

0.9
0.8
0.7
0.6
0.5
0.4

0.3

2l L

(2) ©) (4)
Cnexmp npoOOIbHBIX MOO YeOUHEHHO20 Nd3epad
npu x 110 -3(2); 10 -4 (3); 10 -5 (4)
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Paccunraem cnekTp NpOAONBHBIX MOJ Jia3epa C BHEIIHEM ONTUYECKOU
oOpaTHOH CBsA3pI0 C MOMOINBIO (Gopmyasl (11) ¢ HCIOIB30BAaHHUEM CICAYIOUIUX
YHCIICHHBIX 3HaYeHWi mapamerpoB: b = 2,8 « 104 ;v =10-3; p=1,45; R3 =
10—6; I'g 0 =65 cm-1; L =250 mxm; 6=3,35 « 104 ;q=-5...0..5.

14 14

1ol LT T T T g 11

6 -4 2 0 2 4 6 © - 2

(5) (6) P

Cnexmp npooonvhsix Mo0 nazepa c enewneti OOC

npu &= 1000048 (5) ;10000,50 (6) ;10000,67 (7)

5 “4 2 2 4 6

D) P (8
Puc 7 u 8 3auenus ocmanvrvix napempog me dice, umo u Ha puc.4, kpome y = 10—4 u y = 10-3.
Jl5is vccienoBaHus MPOCTPAHCTBEHHBIX OHIYJSIIUN CyMMapHOW MorHocTH 19
MOJI Ja3epa ucrnoiibzyem Gopmyiny (13) ¢ ucrmob30BaHHEM CIICIYIOIIMX YHCIACHHBIX
3HaueHHi mapamerpoB: b =28 ¢ 104 ; p =145 ; R3 =10-6 ; I'g0 = 65 cm™;
L =250 mxkm; 6 =3,35 « 10—4.

05 005
\

0.045-4---

\
003}---|

0.03

I S N O+ I O O . | I T T N A O S (O (N R D
1 1 1.00011.0001 1.00011.0001 10001 1.0002 1,0002 1.0002 11 1 1000110001 1000110001 10001 1000210002 10002 0028 oo e 00T 10002 1.0002 10002

x10' x10' x10°

JlokanvHwie npocmpancmeentvle OHOYIAYUU CYMMAPHOU MOWHOCMU 1a3epa npu
x =1 - 10-3(10); 2 - 10-3(11); 3 - 10-3(12)

97



Jlyst BBISIBJICHUST OOIIIET0 XapakTepa OHIYJISIINN MPOBEIECHBI pacdeThl B Ooliee

MIMPOKOM JHaNa3oHe U3MEHEHHS PAacCTOSHUS 10 BHEIIHETO oTpaxatesns. i atoro
paccuMTaiiTe 3aBUCHUMOCTh CyMMapHOW MomHOCTH 19 Moa oT mapamerpa & 1o
dbopmyne (13) B muamazone 3HaueHuit & = 4000...10000. 3HaUYeHHS OCTAIBHBIX
IapaMeTPOB T€ K€ UTO U Ha pUC.12.

98

04

021

I j

' 015 '

I

o i I i i o j
4000 5000 6000 7000 8000 9000 10000 000 5000

< 1 i c i i
7000 8000 9000 10000 4000 5000 6000 7000 8000 9000 10000

1
6000

IIpocmpancmeentvie OHOYIAYUU CYMMAPHOU MOWHOCMU lA3epa

npu X =1 » 10-3(13); 2 - 10-3(14); 3 - 10-3(15)

3aKJIouYeHHue.

. PaCCMOTpeHO ACUMIITOTHYCCKOC HpI/I6J'II/I)K€HI/Ie A1 pacd€rta MOIIHOCTH

IPOJONBHBIX MOJ Jasepa. [Ipu pacdyere moreppr B COCTaBHOM pPE30HATOpPE
HCIIOJIb30BAaHO YCJIOBHUE CIa00i ONTUYECKOW 0OPAaTHOM CBS3H.

. Paccuurtanbl CIICKTPLI ITPOJOJIBHBIX MOA YCAMHCHHOI'O JIa3€pa IIPpU Pa3IM9YHOM

nedunrTe yCWICHHs TOMUHUpPYIOIIed Mojbl. [lokazaHo, 4TO ¢ YMEHbIIIEHUEM
neduIrTa yCUICHUS CTIEKTP Jlazepa MpUOIuKaeTCss K OTHOMOJOBOMY.

. IlpoBenen pacyeT crekTpa jlazepa ¢ BHEIIHEW ONTUYECKOW OOpaTHOM CBSI3bIO

P PAa3IMYHOM PACCTOSHUM [0 BHEUIHErO0 OTpaXkaTesiss M Pas3IndyHOM
nepuure ycunenus. [lokazano, 4ro orubaroiasi CrekTpa B 3TOM ClIydae MOJ
npuoOpeTaeT CIOXHBIA xapaktep. Ilpm 3TOM BO3MOXKHO MOSBICHHE
HECKOJIbKHUX, B TOM YHUCJIE HE COCEAHUX, JOMUHUPYIOIIMNX MO/I.

. Ilpu ymenbiieHnn neuunTa yCUIEHUs YUCIO0 MOJ B CIIEKTPE, KaK U B Cllydae

YEAUHEHHOT 0 JIa3epa, yMEHBIIAETCS.

. Paccunurana 3aBHCHMOCTH MOIMHOCTH H3JIYyYCHHA JIa3€pa OT PACCTOAHHUA 0

BHCHIHCTO OTPAXKaTCIIA. HOKaSaHO, qTO0 C YMCHBIICHHUECM 4YHCJia MO/ B CIICKTPC
JIOKAJIbHBIC MAKCUMYMBbI MOIMHOCTH CTAHOBATCA Oonee PE3KHUMH.

. HOHy‘—ICHHBIe pe3yJibTaThl MOTI'YT OBITH HMCHOJIL30BAHBI InIpun IMOCTPOCHUHA

MNPCOU3UOHHBIX HATYUKOB CMCIICHUA Ha OCHOBC IIOJYIIPOBOJIHHKOBBIX
HHKCKIITMOHHBIX JIa3CPOB.



HEPECTPAUBAEMBIE HCTOYHUKU JIASEPHOI'O U3JIYUHEHUSA YO,
BUINUMOT' O, BJIMKHEI'O U CPEJJHEI'O UK IMAITA3OHA

E. I'ynesuu, H. Kongpatiok, A. [Iporacens
ConapJIC, 2. Munck, benapyco
www.solarls.eu

BBenenue

[IepecTtpanBaeMble J1a3epsl, SBISAACH OCHOBHOM YaCThI0O MHOTUX COBPEMEHHBIX
ONTHUKO-3JIEKTPOHHBIX MTPUOOPOB, MO3BOJIAIOT HA KAYECTBEHHO HOBOM YPOBHE pelllaTh
3aJla4M CIIEKTPOCKOINHU, HEMMHEHHON ONTUKH, (OTOXUMHU, OUOIOTHH, MEAULIUHBI U
zp.

BypHblii porpecc B HayKe U TEXHUKE CTABUT BCE HOBBIE M HOBBIE 3aJ1a4H, IS
pelmIeHus]  KOTOpPBIX  TpeOyloTcs  Ja3epHble  HCTOYHUKUA  T'€HEPUPYIOIIUE
MEPECTPAUBAEMOE H3JIYYCHHE B CIHEHU(PUUYECKUX CIEKTPAIBHBIX JUaNa30Hax.
Haunboiee akTyanbHbIMU 001aCTSIMU IPUMEHEHUS! TAKUX UCTOYHUKOB SIBJISIFOTCSA:

- Ja3epHas CIEKTPOCKOIHUS, BCE METOAbl KOTOPOW OCHOBAHbI HA CEJIEKTHUBHOM
B3aMMOJICHCTBUM U3JIYyYEHUS C BEILIECTBOM;

- JMCTAaHLIMOHHOE JETEKTUPOBAHUE BEIIECTB, BKIIIOYAs JIA3EPHOE 30HAUPOBAHUE
atMochepsl i1 ONpEeAeNieHUs] €€ COCTaBa, OOHApYXEHHE 3arps3HSAIOIIUX
IPUMECEN U U3MEPEHUS UX KOHLICHTPALIUN;

- na3epHas (OTOXUMHS, BCE METOAbl KOTOPOW CBSI3aHbl C PE3OHAHCHBIM
CEJICKTUBHBIM B3aUMOJIEHCTBUEM JIA3EPHOIO U3JIyYEHHS C BELIECTBOM;

- Jja3epHas GOTOOMOJIOTHS W MEIMIIMHA, B KOTOPBIX MEPECTpauBaEeMbIe JIa3ephbl
WCTIONB3YIOTCA JUISI  W3YyYeHHs] OHMOOOBEKTOB U OHOIPOIIECCOB, TUTSt
(OoTOAMHAMUYECKON TEPANUK U JUATHOCTUKHU PAKOBBIX 3a00JIEBAaHUM U T.1.

HoBble Meroauku TpeOYyOT HOBBIX JiazepoB. Hapsamy ¢ 3TuM, yxe HaBHO
M3BECTHBIE METOAMKU M MPUOOPHI MOCTOSIHHO COBEPIICHCTBYIOTCS M, KAaK MPaBUIIO,
TpeOyIoT Bce Oojiee MOIIHBIX, 00JIee COBEPIICHHBIX M 00Jiee HAJEKHBIX JIa3ePHBIX
UCTOYHUKOB. BOT mouemy, pa3zpaboTka nepecTpauBaeMbIX JIa3€pHBIX MCTOYHUKOB C
BBICOKMMH 3KCIUTYyaTallHOHHBIMHU XapaKTEPUCTUKAMU MPOAOJKAET OCTABATHCS OJHOU
W3 aKTyJIbHEUIINX 3a]1a4 JJIs1 IPOU3BOINUTEIIEHN JTa3€PHOU TEXHUKMU.

B nacrosimieit cratbe gaeTcsi 0030p OCHOBHBIX MOJIXOJOB K CO3JAHUIO TaKUX
HCTOYHUKOB, padoraromux B Y@, BuagumomM, OamxHeM u cpeaaeM MK nuanazonax, a
TaK)K€ MPUBOAATCS TMPUMEPHl HEKOTOPBIX YyIAaYHBIX KOMMEPYECKHX pa3pabOTOK
BBITIOJTHEHHBIX B 0€JI0PYCCKON HayYHO-TIPOM3BOACTBEHHON KomnaHuu «ComapJICy.

Cpenu TBEpIOTENbHBIX UCTOYHUKOB MEPECTPAUBAEMOTO JIA3€PHOTO H3ITyUYEHUS
IJIaBEHCTBYIOIINE TTO3UIIMHU J]O HETABHETO BPEMEHHU 3aHUMAJIH JIa3epbl HA KPACUTENSIX
B TMOJMMEPHBIX MATPHIAX M HA AKTHBHPOBAaHHBIX Kpuctamiax (AlOsTi*,
anexcauapur, Qopcrepur, YAG:Cr'"). Jlmamason pabGoumx UTHH  BOJH,
oOecreyrBaeMbIX ITUMHU Jla3epamu, pacrosiaraercs B npezaenax ot 550 mo 1500 um, a
KaKJas aKTUBHAasg cpella B OTACIbHOCTU CIIOCOOHAa NeHEpUpPOBATH B CPABHUTEIBHO
y3KOH CHeKTpanbHOM obmacT mupunHoit ot 20 10 300 HM.
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B nmocnennee Bpems pa3paboTuukamMu U IIOJIB30BATEISIMU  JIA3EPHOU
anmnapatypsl Bce 0oblliee BHUMaHUE YJIENSETCS UCTOYHUKAM M3JIyYeHHs] Ha OCHOBE
napameTtpuueckux re"eparopoB cpera (III'C). TII'C ynauno coueraroT B cebe
MaKCHUMaJIbHO IIUPOKUI AMana3oH HENpephIBHOM nepectpoiiku (Hanpumep ot 410 1o
2500 um) um Beicokui KIIJ| mpeoOpazoBanus wu3iaydeHus Hakadku. [Iporpecc B
obnmactu pocta HenuHEHHBIX KpuctawoB jius  [II'C  u  u3roroBieHwus
IIMPOKOMOJIOCHBIX CTOWKUX JHMAJIEKTPUYECKUX MOKPBITUN TO3BOJSIOT CO31aBaTh
HAJIe)KHBIE M NPOCTBIE B DKCIUIyaTallMM JIA3€PHBbIE HWCTOYHUKH, MNEPEKPBHIBAIOIINE
IIPAKTUYECKH BECH CIIEKTPAIBHBIN Irana3oH JIMH BOJH OT 200 HM 10 20 MKM.

VIMEHHO 3TOT TUIT HICTOYHUKOB MEPECTPAUBAEMOIO JIA3EPHOIO U3ITy4EHUs OyIeT
PacCMOTpEH MOAPOOHEE HHUKE.

1. IlapameTrpuyeckue reHepaTopbl cBeTta BUANMOro u Oaum:xnHero UK
AHANA30HA.

K Hacrosimiemy Bpemenu HauOosbliee pacnpoctpaHenue nonyuunu [II'C wHa
kpuctauiax BBO ¢ nakaukot 2-#t u 3-it rapmonukamu Nd:YAG nazepoB. Takue
npuOOpsl  TpeajiaraloT  CeroAHs ~ CBOUM  MOTpeOuTEeNsiM  OOJBIIMHCTBO
MIPOU3BOJIUTEIICH JIA3€PHON TEXHUKHU.

OcHoBHbiMH nocToMHcTBaMU 3TuX [II'C sBISItOTCS mIMpoYalIIMi Auana3oH
MEePECTPONKU  TeHepupyembix UMH BoJiH (0T 410 mo 2500 HM mpu Hakaudke
usnydenreM ¢ 355 um u ot 680 1o 2500 HM nMpu HaKayKe WU3IydeHHEM ¢ 532 HM) U
BoicOku, 10 50% KIIJ[ renepanmu. HepgoctaTkamu, OrpaHMYMBAIOIIMMU HX
MPUKJIAIHOE UCTIONBb30BAHUE, SABIISIOTCS OOJbIas pacxoAuMOCTh mmyuka ( 2-20 mpan )
TEHEPUPYEMOI0 M3Jy4EHUS M HENOCTATOYHO Y3Kas CIEKTpaibHas IIMPUHA JUHUU
renepauun ( 2-10 cm™).

Bor mnouemy, paboThl MO  YIYYHIEHUIO MPOCTPAHCTBEHHO-YTJIOBBIX
xapakTtepucTuk u3iydeHus [1I'C u yMEHbIIEHNIO CIEKTPAIIBHON UPUHBI JIMHUU UX
reHepalyy OCTAIOTCS BEChbMa aKTyaJIbHbIMHU.

B ConapJIC npoBoauiauch HUCCIEIOBAHUS KOJJIMHEAPHBIX M HEKOJIMHEAPHBIX
cxem III'C kotopeie MO3BOJIMIM BBISBUTH clieayromyro ocodoeHHocTh: B III'C ¢
CUHXpoHM3MOM Tuna II ¢ JOByXHmpoxXOogoBOM CXEMOM HAKAuK{A IIUPUHA JIMHUU
rE€HEepalMd W pPACXOJUMOCTh IydYKa B IIJIOCKOCTH CHUHXPOHHM3MAa HEJIMHEMHOTrO
kpuctaiuia menbie yem B [1I'C ¢ ogHonmpoxoaoBoit cxemon Hakauku. CBsI3aHO ATO ¢
teMm, uto B [II'C ¢ AByXnpoxoA0BOil CXeMO HaKayKh CUTHAJIbHAS BOJIHA IO Pa3HOMY
YCWJIMBAETCS B HEMHEHHOM KpucTtajuie B "mpsiMoM" U B "0OpaTHOM" HampaBiIeHUSIX
[1]. Ha puc.l, B kauecTBe mnpumepa, mMokazaHbl crektpsl rereparmu [II'C Ha
kpuctaiuie KTP ¢ onHO- 1 IBYX-ITpOXOJ0OBOM CXEMOW HAKa4Ky C JJIMHOM BOJIHBI 532
HM [2].

Kpome »srtoro, B III'C ¢ #AByX-MpOXOJOBOM CXEMOM HAKAYKU H3IyYCHHE
reHEepaluuy YCWUJIMBAETCA B HEIMHEWHOM KpHUCTAJUIE Kak B 'mpsAMOM', Tak U B
"oOpaTHOM" HampaBJIEHUSIX, 3a CUET YEro CHIIKACTCS IOPOroBasi MHTCHCHUBHOCTH
HAKauK¥, YBEIMYMBACTCS KOIPDUIIMEHT YCUJICHHUS, COKPAIIACTCS BpPEMS Pa3BUTHUS
reHepalui W, B pe3yibTaTe, MOBBIMAETCS 3IP(HEKTUBHOCTh MapaMETPUIECKOM
reHEepaluu.
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Puc. I Cnexmput eenepayuu I11'C na kpucmanne KTP ¢ 00no-a) u 08yx-6) npoxo0osoii-
cXeMol HaKayKuy ¢ ONUHOU 80NHbL 532 HM

Ucnonp3oBanue »HTUX o0coOeHHOCTEW T103BOoJisieT cosmaBare IIIC ¢
YIYUYIIEHHBIMH JKCIUTYyaTallMOHHBIMM XapaKTEPUCTUKAMU, Y KOTOPBIX Jaxe MpHu
HU3KWX WHTEHCHUBHOCTSAX HaKauku Hegoporumu MHoromonoBeiMu Nd:YAG
JazepaMy pPeanm3yroTCs BbICOKHE 3G (EKTUBHOCTH TpeoOpa3oBanus. Kpome Toro,
BO3MOKHA TMIOJYYEHHUE TMPENCIbHO JOCTHXUMBIE s jganHoro kiacca III'C
CIEKTPaJIbHBIX U IPOCTPAHCTBEHHO-YTJIOBBIX XapaKTEPUCTUKU U3IydeHUS (puc.2).

Crnenudukanus
Mojens LP 603 LP 604
O01acTh MEePECTPONKH, HM 410...2500 680...2500
OddexTuBHOCTH >35 na 500uM >40 na 850uM
npeoOpazoBanus, %
[lupunHa TUHUHA, HM 0,1 0,4
Ha 500HM Ha 800HM
JliviHa BOJTHBI HAKAYKH, HM 355 532
Puc. 2 Iapamempuueckuii eenepamop céema na kpucmainie BBO modens LP 603/604

npouzsoocmea ConapJIC
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Jns MHOTMX TpUMEHEHHH (Ja3epHO-UHIYIUMPOBAHHAS JIFOMUHECIICHIUS
MOJIEKYJI, JlJazepHas oOpaboTKa MaTepuayoB U Jp.) TpeOyeTcs MepecTpanuBacMoe Mo
JUIMHE BOJHBI u3iaydeHue B Y® obOnactu crekrpa. BoT mnodemy HeEKOTOphIE
npouzBoauTenu nogoousix I[II'C mpennararoT cBOMM NOTPEOUTENSIM TE€HEPATOPHI
BTOPOl TApMOHHKH, PACIIMPSIONINE BO3MOXKHOCTH cTaHmapTHeix I[II'C 3a cuer
oOecrieueHus nepecTpanBaeMoi reueparuu B Auanaszone 210...420 um (puc.3).

Puc. 3. T'enepamop emopoti ecapmonuxu ons I11I'C, modens LG350 npoussoocmea ConapJIC

AJBTEepHATUBHBIM HAMpaBlICHHEM pPa0OT, MO TMOIYYCHHIO MEPECTPAanBAEMOTO
Y® wuznyuenus, ssisercs cozganue [II'C ¢ Hakaukoil uznmydeHuem 4-il rapMOHUKH
YAG:Nd nazepa. B Comap JIC Obumd NpoOBEIECHBI HCCIAEAOBAHUS IO H3YUYCHUIO
BO3MOKHOCTH TMOJYYEHUS] MapaMEeTPUUYECKON TIeHepalud B TPYIHO MOJIydaeMou
obnactu cnektpa oT 300 Hm 110 400 HM. OTHAKO TIEpPBbIE PKCIEPUMEHTHI TTOKa3aH,
4710 3¢ (HEKTUBHOCTH TapaMeTpUUIECKoM renepanuu oueHb Hu3kas [3]. Cxema I1I'C Ha
kpucrauie BBO ¢ Hakaukoil u3inydeHueM ¢ 266 HM npuBeIeHa Ha puc.4.
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Puc. 4 Cxema III'C na kpucmanne BBO ¢ nakaukoti 266 um

——

\
ee?)
m

[Ipy WHTEHCUBHOCTM HWMIIYJbCOB HAaKadyku ~46 MB/cv®  Gbina IIOJIy4eHa
nepectpauBaemas reaepanus B nuarnasone 300...2340 um ¢ addextuBHOCTHIO ~15%
MIpU IBYXKPATHOM TPEBBILIEHUH TTopora Ha As=340 HM, puc.5S.

47 E+E;, M1k

T | I !
300 320 340 360 380 400 420 440

JlmvHa BOJHBI, HM

Puc. 5 llepecmpoeunas xpusas I11I'C npu naxauxke umnyniocamu c suepeuei ~ 30 m/oc na 266 um

JlanpHeWIIe UCCIEeIOBaHUS MO3BOJIMIIM YCTAaHOBUTH, UTO B KpucTamuiax BBO
MoJ ACHCTBUEM U3NTy4yeHUs HakKauku ( 266 HM ) 00pa3yroTcsl TMHAMUYECKHE LIEHTPHI
OKpacku cuibHO norjomaronue B oonactu 200...400 um [4]. OOpa3oBaHUE TaKUX
LIEHTPOB OKPAaCKH, HEJIMHEHHOE TMOTJIOUIEHUE W3JIyYeHHUs] Hakauyku U 3P EKTh
TEIJIOBOTO CaMOBO3JICUCTBHSI, BEPOSITHO HE TMO3BOJAT B Oimkailiiem Oynyiiem
cozmaBath Y® II['C Ha kpuctamniax BBO ¢ BBICOKMMH 3KCITyaTallMOHHBIMU
XapaKTEPUCTUKAMHU.

2. UcTouHHMKM mepecTpanBaeMoro JasepHoro usiaydenusi B UK nuanasone
10 4 MKM.

B nacrosmee Bpems [1I'C na kpucramiax KTP u KTA ¢ Hakaukoil uzinydeHuem
Nd-n1a3epoB MO3BOJISAIOT TOJNydYaTh MepecTpauBaeMoe u3iaydeHue B OnmxHem KK
nHaraszone ot 1,5 MKM 110 4 MKM.
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[Tpu pazpabotke pazmuunbix cxem [1I'C UK nuanazona HeoOX0IMMO yUUTHIBAThH
uensii psag paxtopos Biaustonmx Ha padoty I1I'C, B yacTHOCTH, HaIU4Me CHIIBHBIX
I0JIOC IMOTJIOLIEHUS MapoB BOABI B aTMOC(Eepe U KpaeBOe MOIJIOIICHUE HEIMHEWHBIX
kpuctaiios B K o6nacru.

Jlig HaneXHOM paboThl JIa3epHOW CUCTEMBI HEOOXOIMMO, YTOOBI JUIMHA BOJIHBI
reHepaluy 1onajaana B OKHa po3pavyHoCcTu aTMochepsl, puc.6.

1.0

0.8

061

0471

IIponyckaHHe

02}

0.0

1.0 1.2 1.4 1.6 1.8 2.0 22 24 2.6
JUTHHA PONHEL MEM

IIporrycraHHe

30 35 20 25 5.0 5.3
JUTHHA BOMHB], MKM
Puc. 6 Cnexmpuvi nponyckanus ammocgepoi
B III'C nHakaumBaembIx uzinydeHueM c 1,064 MKM, JUIMHBI BOJH H3y4YCHMS
CUTHAJILHOM U XOJIOCTOM BOJIH CBSI3aHBI MEXAY COOOM COOTHOIIEHHUEM
1 1
— =
A, A, 10642

MKM

C y4eToM 3TOro COOTHOILICHUSI MOXHO BBIJIECIUTH CIEAYIOIINE CIIEKTPAIbHBIE
JTMaria3oHbl, JIJIs1 KOTOPBIX BO3MOXHO co3aaHue HajexHo padortaronux [1I'C B okHax
MPO3PavyHOCTH aTMOC(hEpPHI:

1,45...1,67 mxmMm, 1,98 ... 2,3 MKM,
2,93 .. 4,10 MxM.

Jlnst HajgexHOM paboThl Ja3epHOM CUCTEMbI HEOOXOAMMO YUUTHIBATH CBOMCTBA
HEJIMHEHHBIX KpUCTAUIOB M Hanuuue mnornouieHuss B MK obnactu. Ilo cBoum
HeJauHeHHbIM cBoiicTBaM kpuctaiul KTA 6mm3ok k kpuctainy KTP. Ho B oTinune ot
kpuctaia KTP kpucrann KTA obGnagaer 6oJiee mUpOKON MOJIOCON MPOMYCKAaHUS B
ommxaem UK nuanasone, puc.7.
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AnuHa BOnHBI, HM

Puc. 7 Cnexmpwt nponyckanus kpucmannoe KTP u KTA

B ConapJIC Ha mnpoTshpKeHHM TOCIEAHUX JIET MPOBOJUIUCH PAaOOTHI IO
MOJIYYEHHIO BBICOKOA(P(EKTUBHOM MapaMeTpuieckoil renepanuu Ha kpucramuiax KTP
u KTA. Pesynbrarom stux paboT sBUJIOCH co3fgaHue kommepueckord monenn MK
[II"C Ha yka3aHHBIX KpUCTAJIAX, PUC.8.

Puc. 8. Ilapamempuuecxuii cenepamop ceema ¢ nakauxou uznyuernuem Nd:YAG nazepa

IIpn wucnons3oBanum B 31O Moxenn KpuctawioB KTP B nguamasone
nepectpoiiku 1,98-2,3 MkM 3¢ (HEKTUBHOCTH TapaMeTPUUIECKON TeHEPAITU JOCTUTAET
25%.

[Ipu ucnonwszoBanuu B 3T0M Mojenu kpuctauioB KTA, Bo3MOxkHO moydeHue
MepecTpanBacMoOM reHepaIuy B OKHAX mpo3payHoctu atMocdepst 1,45...1,67 MkM u
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2,93. .. 4,10 mxm ¢ 3pdextuBHOCTHIO 30% | BBHIIIIE.

3. UcTouHnKkM nepecTpanBaemMoro JazepHoro usiaydyenus B UK quanazone
10 20 MKM.

Kak 6b110 ckazaHo paHee, JIJIs HEI0ro psAja NIpUMEHEHUN TpeOyIoTCs Ja3epHbIe
UCTOYHUKHM TmiepecTpanBaeMoro MK wuzmydeHusi, paboTamoime B CHEKTPAIbHOM
muanazoHe  5..20 wMxM. Bor mowemy, B HacTosllee BpeMs MHOTUMH
UCCJIEIOBATEILCKUMHU  IIEHTPAMU HWHTEHCHUBHO TMPOBOJSTCS HUCCJICAOBAHUS TIO
CO3JaHUIO0  BBICOKOA((DEKTUBHBIX, MOIMHBIX ¥ KOMIIAKTHBIX TBEPAOTEIHHBIX
HMCTOYHUKOB JIA3€PHOTO M3JIYUYEHUS JIJI1 YKa3aHHOTO BBIIIE TUANa30Ha.

Kak mpaBuiio, 3T CHUCTEMBI CO3JAIOTCSI HA OCHOBE I'€HEPATOPOB PA3HOCTHOM
yacToTsl ( ['PY )

mbo III'C c¢ nakauxoit Er- m Ho- masepamu ¢ mnmmHOi BOJmHBI A=1,5MKM,
A=29MKkM u A=2,05 MKM, COOTBETCTBeHHO. Iloka Takue HCTOYHHUKU HaKayKu
SIBJISIFOTCSL JOCTATOYHO YHUKAJIBHBIMU U HE BCETJa MOTYT ObITh MCIOJIb30BaHbI IO
MPUYUHE HE OYEHb BBICOKMX OJKCIUTYTAlMOHBIX XapaKTEPUCTUK U BBICOKOM
CTOUMOCTH.

B 10 e Bpems mpekpacHou anbrepHatnBoi s Hakauku [1I'C cpennero UK
JUana3oHa  SBIISIOTCS TEXHUYECKHE pelIeHus, Oa3upyronmecs Ha  XOpPOIIOo
ocBoeHHbIX Jazepax Nd:YAG . B cocraB stux cucrem Bxoaar III'C ¢ Hakaukoit
Nd:YAG nasepamu, KOTOpbIE B CBOIO OuYepeb HCIOJb3ytoTCs s Hakauku [11'C
cpennero UK nuanasona.

[TogoGHBIE CUCTEMBI XOPOIIIO U3YyUYEHBI U MOTYT OBITh JIETKO Pealn30BaHbl Kak
B KOMIIAKTHOM JM3aiiHE 71 MOOWJIBHBIX MPUMEHEHUH, TaK U B BHUJIEC MOIIHBIX
CTallMOHAPHBIX YCTAHOBOK JJIs1 00ECTICUCHUS BICOKUX SHEPIU HAKauKHU.

PaccmoTpum nasnee OCHOBHbIE HampaBieHUs co3aaHus JgaszepHbix UK
uctounnkoB Ha 6aze Nd:YAG nazepos.

I'enepaTopbl pa3HOCTHOM YaCTOTHI.

B ConapJIC Obin pa3paboran reHepaTop pazHocTHoU yacTtoTel ( ['PY ) Ha
kpuctauie CdSe ¢ nakaukor minmyudenwem [II'C Ha kpucramiax KTP, koropsrii
TEHEPUPOBAJ U3IyYEHUE C MEPECTpanBaeMoil JJIMHOW BOJIHBI B uana3zoHe oT 10 mo
17 mxmMm, puc.9, 10.

106



PapanesBCkUA J\-p s ADEG
Nd:YAG —» —» [II'C KTP —» I'PY CdSe
WZONATOP A
nazep :
1=1 064 | 1 N 1 1 1 |
=/, DR —_— i — e — = e———
: Ay As A AprG  As A
A i ADFG
| 5 | | | | |
| | [ | | | >
1,9 2,0 2,2 2.4 10 15 Aoy MECML

Puc. 10. I'enepamop paznocmnoii uacmomul na kpucmaiie CdSe

JAByxkackaanbie IIT'C.
JIByxkackanubie cxembl [II'C mMpoko MPUMEHSIOTCS B TE€X CllydasX, KOrja

OTCYTCTBYIOT JIa3epbl HAaKauyku C JUIMHON BOJHBI > 2 MKM. C Apyroil CTOpoHbI, B
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ABYXKACKa/IHbIX CXCMaX III'C wmMmeeTcss BO3MOKHOCTH HM3MCHSATH OJINHY BOJIHBI
N3JIYUYCHUA HAKAYKHW WU TAaKHUM 06p330M I[IOJIy4aTb 0oJsice oNTHUMAaJIbHBIC YCIIOBHSA TJIA
I'CHCPpAIUHU Y3KOIIOJIOCHOT'O U3JIYUCHHU B 3dIaHHOM AMWAIIA30HC JJIMH BOJIH.

B wmommsbix III'C cpegnero MK pguana3zoHa HMCHONB3YIOTCSI B OCHOBHOM
kpuctaisl ZnGeP,, AgGaSe, u CdSe [6].

Taon. 1. CpasHumenvhvie XapakmepucmuKky HeIUHetUHbIX KPUCMALI08

Kpucrann | lnanazon HenHeHbIM | TerutonmpoBoaH | [lopor
PO3pPAYHOCTH, | KOOPGDUIIMEHT | OCTb, MOBPEKIEH
MKM defr, /B Br/m K v,
MBT/cm? ,
ZnGeP, 0,74-12 75 35 60
AgGaSe, 0,71-19 33 10 30
CdSe 0,75-25 18 6 50

B kagectBe nmpumepa, pacCMOTpUM JiB€ cXeMbl noctpoeHus nogoousix I1IC,
ncnoJib3yeMble B Hactosiiee Bpems B ConapJIC.

s nakauku [1I'C na kpuctamie ZnGeP, moxeT ObITh ucmonb3oBad [1I'C Ha
kpuctauiax KTP KOTOppIi TeHepupyeT OJHOBPEMEHHO JBE JUIMHBI BOJIHBIL:
CUTHAJIBHYIO ¢ A=2,05 MKM U X0JIOCTy10 ¢ A=2,213 MKM [6]. DTH nBE BOJIHBI MOTYT
OBITH MPOCTPAHCTBEHHO pPAa3/elIeHbl U UCIHOJb30BaHbl A Hakauku AByX [II'C Ha
kpucramiax ZnGeP, (puc.11).

2,21. 9...7,5 MKkM
R Irc -
g ZnGeP, >
5,3...4,77 MKM
1,0¢€ 2,05 3,34...3,76 MkM
Irc
rc ZnGeP;
5,3...4,5 MKM

Puc. 11. Cmpyxmypuas cxema I1I'C na kpucmannax ZnGeP;

Taroke, npencrasisieT npakruueckuii unrepec cxema II'C na kpucramne CdSe ¢
HEKPUTHYHBIM  90-TpagyCHbIM CHUHXPOHM3MOM [7], B KOTOpOW, MpU HAKAYKe
M3IIyYeHHEM IepecTpanuBaeMbiM B oOmactd oT 2,9 MKM A0 3,5 MKM BO3MOXHO

MOJIy4YeHHE TepecTpauBaeMoi reHepanuu B oonactu 4,5...4,9 mxm u 8,1...12 MxMm
(puc.12).
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1,064 2’93, 4,54,9 MKM
Irc
rc CdSe

v

8,1...12 MkMm

Puc. 12. Cmpyxmypnas cxema I11'C na kpucmanne CdSe ¢ nexkpumuunvim 90-epadycrvim
CUHXPOHUBMOM

3akiioueHue.

[IpencraBiieHHble  MaTepUalibl O  HEKOTOPBIX  pe3yJibTarTaX  Hay4YHBIX
ucciaenoBaanii u  ocBoeHHBIX 3A0 «ComapJIC» mpombIIIIEHHBIX —00pasmax
JEMOHCTPUPYIOT  MEPCIEKTUBHOCTh  CO3JIaHHUsI MCTOYHUKOB  IIE€PECTPAMBAEMOro
nasepHoro m3nyuenus Ha 0aze I1I'C ¢ nakaukori Nd:YAG nazepamu. HakorureHHBIH
cnequanuctamu  «ConapJIC» onelT 1o  pa3paboTKe W MNPOU3BOJCTBY  Kak
MepPEeCTpanuBacMbIX JIA3€POB PA3IMYHONM KOH(PUTYypallMu, TaKk W Ja3epoB A HX
HaKauky, OO0ECrneYrBalOT BO3MOXKHOCTh H3TOTOBJICHHMS M TOCTaBKHM CHUCTEM C
MEePECTPOUKON JJIMHBI BOJIHBI BO BCEM Juana3oHe JJIMH BOJIH OoT 210 HM 10 20 MKM.
[TogoOHBIE CcHCTEMBI MOTYT OBITh IOCTPOCHBI TAaKXKE€ W C yU4ETOM CHenudUuecKux
TpeOOBaHMM 3aKA3UUKOB JJI PEIICHUS UX MPUKIAIHBIX 3a]1a4.

3A0 «ComnapJIC» MOCTOSTHHO MPOBOJUT HAYYHO-UCCIIENOBATEIHCKUE PAOOTHI
[0 CO3JAHUI0 HOBBIX NEPCHEKTUBHBIX HMCTOYHHKOB JIA3€PHOTO H3JIYYEHUS H
MpUIJIAIAeT K MApTHEPCKOMY COTPYIHUYECTBY HAY4YHbIE KOJUICKTHUBBI CTpaH H
MIPOU3BOJICTBEHHBIE TTPEATPUSITHS.
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