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Thus, the Monte Carlo numerical model of MSD with
two erosion zones which was designed in previous articles
[5-7] and has been improved in present work, clearly
describes the discharge behavior in practically useful
cases. It could be used for foreseeing the target sputtering
efficiency on this magnetron sputtering device, which is
important at thin film production.
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pagiodisnyHun cdakynbTeT, KMiBcbknin HauioHanbHUi yHiBepcuteT imeHi Tapaca LleB4YeHka

30HOBAHA MIWLEHb B EKCNEPUMEHTAJIbHOMY OOCHIAXEHHI .
MAITHETPOHHOIO PO3MNUIIOBAJIbHOIO NMPUCTPOIO 3 AIBOMA 30HAMU EPOSII

IMo6ydoeaHo KoMIT'tomepHy ModesIb Ma2HEMPOHHO20 PO3MUTH8aIbHO20 MPUCMPOr0 3 deoMa 30HaMu e€po3il, 3acHoeaHy Ha Mmemodi MoHme-Kapno, de
esedeHOo anz2opummM rouwyKy caMoy3200)KeHUX cmapmosux Mo3uyili MopuUHHUX e/leKmpoHie Ha kamodi. [ns nepeeipku pe3ynbmamie KoM tomepHo20
ModesnogaHHs1 6y/1I0 8U20MOB/IEHO 30HOBaHy Mecmosy MilweHb Ofisi 0aHO20 MazHEMmPOHHO20 PO3MUIH8a/IbHO20 MPUCMPOro, siKa 3abesnevuna
suMiproeaHHs1 po3nodinie po3psiGHo20 cmpyMy o ceoili noeepxHi. lopieHsIHHA pe3ynbmamie ekcriepuMeHmy ma Modes08aHHs MPodeMoHcmpyeanu ix
8i0noeioHicmb 3a 0OHaKoO8UX yMOS.

Knrovoei croea: 30HoeaHa MilieHb, MazHempoHHUL po3nustoeanbHull mpucmpiti, KamodHuli wap, KoM 'tomepHe ModesitoeaHHsl, Memod MoHme-Kapiio.

P. BorpaHoB, UHX., kadheApa paANOTEXHUKN U PaANO3NEKTPOHHbIX CUCTEM,
O. KocTiokeBuY, nHX., kadenpa hn3n4eckon 3neKTPOHUKU
paauodusnyeckun pakynbTeT, KueBckui HaumoHanbHbIA YHMBepcuTeT UMeHn Tapaca LLleBYyeHka

30HUPOBAHHAA MULLEHb B 3KCNEPUMEHTAJIbHOM NCCJIEOOBAHUMN
MAITHETPOHHOI'O PACMbUIUTENIbBHOIO YCTPOUCTBA C ABYMA 30HAMU 3PO3UN

IMocmpoeHa KomnbromepHasi Modesib Ma2HeMPOHHO20 PacibIIUMeNIbLHO20 ycmpolicmea ¢ dgyMsi 30HaMu 3PO3UU, OCHO8aHHasi Ha Memode MoHme-
Kapno, e komopoli eeedeH as2opumm MOUCKa CaMOCO2/1acO8aHHbIX CMapMoebIX Mo3uyuli eMOopUYHbIX 3/IEKMPOHO8 Ha kamode. [ns nposepku
pe3ynibmamoe KOMMbIOMEPHO20 ModenuposaHusi 6bila U320MoesleHa 30HUPOBaHHasi Mmecmoeasl MulleHb Ons  O0aHHO20 Ma2HempPOHHO20
pacnbiuiumensHo20 ycmpolicmea, Kkomopasi obecriequnia u3MepeHusi pacrnpedesnieHuli pa3psidHo20 moka no ceoeli nosepxHocmu. CpasHeHue
pe3y/ibmamoe 3KcrnepuMmeHma u ModesiuposaHusi MPodeMOHCMPUPOBAIOo UX coomeenmcmeaue npu 0OUHaKOB8bIX YCII08USIX.

Kntodeeble criosa: 30HUpPOBaHHasi MUWEHb, Ma2HEMPOHHLIU pacnbIIumenbHoe ycmpoiicmeo, KamoOHbiii C1ol, KOMIbLIOMEPHOe MOOenuposaHue,
memod MoHme-Kapiio.
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SUBNANOSECOND STIMULATED RAMAN SCATTERING PULSES
OF Q-SWITCHED LASER AT SELF-FOCUSING

The results of experimental study confirm the availability of using self-focusing media for creation of highly efficient transformers of
laser radiation based on stimulated Raman scattering. It has been shown that due to the self-focusing dynamics, such transformers can
change frequency and compress giant pulses of multimode lasers more than in ten times, utilizing a simple scheme. The proposed and
implemented scheme is suitable for generation of initiating subnanosecond Stokes pulses, which further can be used for compression
of giant laser pulses with a corresponding increasing of power.

Keywords: laser, self-focusing, stimulated Raman scattering.

Introduction. It is known that SRS (stimulated Raman
scattering) is successfully used in transformers of laser

radiation for frequency tuning, pulse compression and
improving of optical beam quality [6, 1]. However, SRS-
© lIvanisik, A., Korotkov P., Ponezha G., 2013
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active media, which have practical use, are limited to
hydrogen and methane (at pressure of tens of atm) or
certain crystals. Such available, optically stable and easy to
use media as self-focusing liquids (benzene, toluene, etc.),
there historically first SRS was observed [9], were
neglected because of unsuccessful attempts to create the
highly efficient quantum electronics devices. This narrows
the range of radiation frequencies that can be obtained
from a laser, and thus reduces the value of SRS as a
method of frequency tuning.

In self-focusing liquids, experimental threshold of SRS
is defined by critical power of self-focusing [2] and
achieved very easily. However, there are significant
complications to achieve the high energy conversion
efficiency of laser radiation. Mostly, in self-focusing liquids
conversion efficiency in the first Stokes SRS component
does not exceed ~20% under the excitation by a giant
pulse of a multimode laser and in all Stokes components it
is ~ 30%. This situation was classified as an effect of
"absolute saturation of stimulated scattering" [7] the nature
of which remains until now unclear. Nevertheless, the main
problem is effect of small-scale self-focusing.

In our opinion, SRS-based transformers with high
conversion efficiency still can be created in self-focusing
liquids, but in two stages - in a two-cell scheme. Namely, a
seed pulse is generated under forward or backward SRS in
a cell where the threshold of self-focusing is exceeded, and
then is enhanced below threshold of self-focusing in the
second cell. It is important that, besides of achievement of
the high overall conversion efficiency in the two-cell scheme,
in the first cell it can possible to reduce simultaneously a
pulse duration (and hence, as a result, to compress the
pulse) using dynamic of self-focusing process.

In addition, it should be noted that the most important
practical results of solving the problem of increasing the
SRS effectiveness in self-focusing liquids is closely linked
to the availability of the exciting laser. Therefore, it is
particularly important to solve a complex problem: the
efficient conversion of the available multimode laser
radiation and at the same time improving the optical quality
of the radiation. The above circumstances stimulated
experimental research described in this work.

Thus, the work is aimed to obtain Stokes
subnanosecond pulses in self-focusing SRS-active liquids
under the excitation by multimode Q-switched laser. These
pulses can be used as initiators in the gain stage and can
define the temporal-spatial characteristics of the converted
laser radiation.

Results of experimental studies. The multimode ruby
laser with the linear resonator of 35 cm-length and with
passive switching of resonator quality was used. The laser
radiated light pulses at a wavelength 0.6943 pm with the

energy 0.6 J. Duration of pulses was t, =30 ns at half level

of intensity. The root mean square of the pulse energy
variation was 5%. An envelope of the laser pulse (recorded
by C7-10B oscillograph) was smooth. The hath-width of the
pulse spectrum (measured using a Fabry-Pérot
interferometer with a ring thickness 30 mm and sharpness
F*~20) was 0.01 cm”, which is less than the spectral
distance between two longitudinal modes of the empty
laser cavity (0.014 cm'1). The laser beam at an intersection
(with the diameter of about 1 cm) was heterogeneous with
a large number (10%) maxima and minima of intensity.

For this laser, the threshold of SRS was exceeded in 3.5
times without addition focusing in the cell of 25cm-length with
toluene (CsHs-CH3). The conversion efficiency into all Stokes
components, propagating in the direction of the excitation
beam, was approximately 20% of the laser pulse energy.
Forward SRS-pulse duration ranged from 15 ns to 25 ns, that
is not less than half the duration of the laser pulse.

For obtaining and registration of short pulses of Stokes
SRS, the optical scheme shown in Fig. 1 was used.

Laser energy
meter

Oscillograph
C7-10B

Vacuum

99.2%
T | photocell
Ruby laser}=z m_,l_D_D: ®K-19.00
[Z VAL Y]

1 0.8%
Diaphragm Cell (C¢Hs-CH;)  Filter (C3C-20)

Fig. 1. Optical scheme

Laser radiation partially (0.8%) passes through the
diaphragm and reaches the 25 cm-cell with toluene. Optical
fiter C3C-20 after the cell absorbs laser radiation.
Scattered light (mostly first Stokes SRS) after passing
through the filter enters the registration scheme. The
registration scheme consists of a photovoltaic vacuum cell
®K-19.000 (rise time from 0.1 to 0.9 of maximum value of
the current pulse less than 0.7 ns) and the oscillograph
C7-10B with a signal delay line (a bandwidth of the delay
line is at least 650 MHz with the recession 3dB).

The diaphragm (Fig.1) is formed by two 90°-prisms,
which hypotenuse surfaces have an optical contact of limited
area with glycerin. The surface of the optical contact in the
form of a disk has a diameter D~0.4 mm. Compared to a
conventional diaphragm, such diaphragm has an advantage.
Namely, at powerful light pulse (~20MW at used laser),
optical breakdown is prevented on its boundary. In addition,
the laser radiation, which does not pass the diaphragm
(99.2%), can be used in the gain channel.

The diameter D=0.4 mm of the diaphragm aperture was
chosen based on the fact that in toluene the laser beam
fragments into individual parts which self-focus
independently. Applying the registration scheme for
obtaining the spatial-angular spectra and the calculation
procedure described in works [3, 4], it was determined that
at the cell entrance, the average diameter of these
fragments of the laser beam was d=0.23 mm. In the cell
with toluene at the diameter ratio D/d<2, with high
probability not more than one self-focusing focal point is
formed simultaneously and, thus, formation of many
independent sources of SRS with different phase, spatially
localized within focal area, is prevented.

The distance 5 cm between the diaphragm and the cell
was selected experimentally to make sure that the SRS
threshold is exceeded for each laser pulse, under the given
instability of spatial and temporal characteristics the used
multimode laser.

In the case of increasing distance between the
diaphragm and the cell to 10cm, the threshold of SRS was
not achieved. It is consequence of the beam diffraction at the
distance between the diaphragm and the cell. As a result of
the diffraction an area of self-focusing was not formed.

Radiation energy passed through the diaphragm was
approximately 4mJ. It is only 0.8% of the total energy of the
laser pulse. Under these conditions, the average pulse
energy of SRS was 0.15 mJ, which corresponded to the
energy conversion efficiency of laser radiation 4%,
significantly less than the conversion efficiency in the
absence of the diaphragm.

Fig. 2 shows oscillograms of the laser (a) and SRS (b)
pulses without the diaphragm and of the laser (c) and SRS
(d) pulses after the diaphragm. For emphasize the
differences in the shape and duration, all pulses in Fig. 2
were normalized so that their amplitudes were the same.
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Fig. 2 Oscillograms of pulses:
laser (a) and SRS (b) pulses without the diaphragm; laser (c)
and SRS (d) pulses after the diaphragm

The oscillograms of laser pulses after the diaphragm
(Fig. 2, c) have almost 50% modulation with period of
about 7 ns. Note, for the laser resonator length 35cm,
longitudinal modes beating would lead to a modulation with
a period of 2.3 ns. So, the modulation should be attributed
to the beating of transverse modes or deformation of mode
structure of the beam in the process of generation.

The oscillogram of SRS pulse (Fig. 2, d) shows that in
the proposed scheme, under using the diaphragm,
subnanosecond pulse duration of SRS can be obtained.
The duration of SRS pulses at half the level of intensity
was less than 1 ns.

Quite often, even with constant experimental
conditions, after the first pulse of SRS, one or two pulses
were observed additionally. They were usually longer and
have a lower amplitude. Period of these pulses closely
correlates with the period of oscillation of intensity laser
radiation after the diaphragm (Fig. 2, c).

Analysis and conclusion. The experimental data
allow us to evaluate the effectiveness of SRS in a separate
focal area. Assuming that the laser pulse has duration
1, =30 ns at the half level of intensity and energy E, =4 mJ
after the diaphragm, we obtain the value of the laser power

P, =E, /It, =133 kW. The critical power for self-focusing

in toluene is P,;=25kW [4]. As the SRS-threshold and,

hence, the threshold of self-focusing in the absent of the
diaphragm was overcame in p =3.5 times, we can evaluate

the power of the laser radiation which self-focusing in
separate focal area after entering the diaphragm:

P’ = kuP., =80 kW, where k =0.92 is a loss factor due to

the light reflection at the outer sides of the diaphragm.
Thus, in the focal region it was 60% of the radiation passed
the diaphragm. The other part of the radiation (40%) was
not involved in the generation of SRS-pulse.

If in the focal region the full depletion of the laser pulse
at SRS takes place, then the amplitude of SRS pulse in the

A. IBaHicik , kaHA. i3.-maT. Hayk, . KopoTkoB, A-p ¢i3.-maT. Hayk,

oscillograms must be also 60% of the laser pulse
amplitude. In the experiment, the amplitude ratio of
SRS/laser pulses (after taking into account the filter
transmission and the spectral sensitivity of the photocell)
reached 0.5. It can be concluded that the energy
conversion efficiency of laser radiation in the focal region
reached in the experiment the value of about 0.5/0.6~0.8
(80 %), and quantum efficiency was 86 %.

Hence, achieving the high conversion efficiency of the
laser radiation in SRS-active self-focusing fluids in principle
is possible. The effect of "absolute saturation of stimulated
scattering” [7] has not fundamental nature.

The obtained value for the conversion efficiency
indicates that the use of approximations of a given excitation
field and the field of first Stokes SRS [5] or a given excitation
field and the exponential growth of the first Stokes
component [8] to describe the SRS at self-focusing is
incorrect. At the same time, the model of deep depletion of
exciting radiation in the self-focusing focal areas [4] gets the
further experimental confirmation in the present work.

A flat decline of Stokes pulse compared with its front, in
our opinion, is partially due to uncontrolled parasitic
feedback, which leads to the subthreshold generation of
SRS. The repeated pulses of low amplitude and longer
duration (Fig. 2, d) are reinforced echo the main pulse.

Such complications can be avoided by using two-
component cell. In the first long part of the cell will be self-
focusing liquid with a different Raman frequency, and in the
second short part — basic liquid, as in the gain stage. The
two-component cell may have other advantages, because
it makes better use of self-focusing dynamics [3].

The proposed and implemented simple scheme is
suitable for generation of initiating subnanosecond Stokes
pulses, which further can be used for more then 20 times
compression of giant laser pulses with a corresponding
increase in power.
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KviBcbkui HalioHanbHUI yHiBepcuTeT imeHi Tapaca LLleBuYeHka, pagiodisnyHnin cakynbTeT, kacdeapa meanyHoi pagiodiznkm
I'. MoHexa, kaHA. di3. maT. Hayk, HauioHanbHa akagemifi ctTaTUCTUKK, OGMiKY Ta ayAUTY, EKOHOMIKO-CTaTUCTUYHMI (PaKynbTeT

CYBHAHOCEKYH[HI IMMYNbCU BUMYLLEHOIO KOMBIHALIMHOIO PO3CIKOBAHHA NA3EPA
3 MmoaynsAuielo HOEPOTHOCTI PESOHATOPA 3A CAMO®OKYCYBAHHA

Pe3ynbmamu ekcrniepumeHmansHux 0ocidxeHb Nidmeepdxyoms nepcrieKmueHicmb 8UKOPUCMaHHS1 CaMogOKycyo4ux cepedoauuy, Orsi CMeOPEeHHs
8UCOKO egheKmueHUX Mepemeoprosayie /1a3epHO20 8UNPOMIHIO8aHHSI Ha OCHOBI 8UMYWeEHO20 KOMG6iHayiliHo2o po3citoeaHHsl. [Moka3aHO, w0 3ae0sIKU
OuHamiyi camogboKycyeaHHs, 8 MmaKux repemeoprosayax MOXHa 3MIHUMU Yacmomy ma 3a fnpPocmoro cxemMor binbwie, Hik y Oecsimb pas3ie,
Komnpecysamu eieaHmcbKi iMnynbcu 6acamomodosux nasepie. 3anporioHogaHa ma eukKopucmaHa cxema npudamHa Ons 2eHepauyii iHiyitoroYux
cy6HaHOCEKyHOHUX CMOKcoeux iMmnysibcie, siki 0ani MOXymb eukopucmoeyeamucsi Onsi KOMIPECii 2i2aHMCbKUX sla3epHUX iMnynbcie 3 e8idnosioHuM

3pOCMmaHHsIM Momy»Hocmi.

Knroyosi cnoea: nasep, camoghokycyeaHHsi, suMyuwieHe KoMbiHayiliHe po3ciroeaHHsl.
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A. BaHucuUK, KaHA. u3.-maT. Hayk, . KopoTkoB, A-p ¢u3.-maT. Hayk,
KneBckuin HaumoHanbHbIN yHMBepcuteT MMeHu Tapaca LlleBuyeHko, paanodusmnyeckui cpakynbteT, kadeapa meauLIMHCKON paanodunsnkm
I. MoHexa, kaHAa. chuns.-maT. Hayk, HaumoHanbHas akageMusa CTaTUCTUKK, y4eTa U ayanTa, IKOHOMUKO-CTaTUCTUYECKNIA dhaKynbTeT

CYBHAHOCEKYHOHbIE UMMNYJbCbl BbIHYXXAEHHOIO KOMBUHALMOHHOIO PACCEMBAHUA JIA3EPA
C MOAYNAUMEN AOEPOTHOCTMU PE3OHATOPA MPY CAMO®OKYCUPOBAHWM

Pe3ynbmambl aKkcnepuMeHmarnbHbIX uccredosaHuli noomeepxdarom nepcreKmueHOCMb UCIOb308aHUsI CaMOOKYCyo4ux cped Onsi co30aHusi
8bICOKO 3¢hghekmueHbIx rnpeobpazoeamerieli /1la3epHO20 U3JTy4YeHUs] Ha OCHOBe 6bIHY)XOeHHO020 KOMOUHayuoHHo20 pacceueaHusi. [lokasaHo, Ymo
6nazodapsi OuHamMuKke CaMOGhOKycupoeaHusi, 8 Mmakux npeob6pa3oeamesnisiX MOXHO U3MEHUMb Yacmomy U C UCMO/Ib308aHUEM MPOCMOU CXeMbl
Komnpeccuposams, 6onee Yem 8 decsimb pa3, 2u2aHMCKUe UMMYbCbl MHO20M0008bIX s1azepos. [IpedioXeHHas! U UCrob308aHHasl cxema npuMeHuUMa
ons 2eHepayuu UHUYUUPYHOWUX CY6HaHOCEKYHOHbIX CIMOKCOBbLIX UMIY/ILCO8, KOmopble dasiee MO2ym UCMO/Ib308ambCs Onsi KOMIPECCUU 2u2aHmMCKux
J1a3epHbIX UMMY/ILCO8 C COOMEEeMcmeyruWuM 803pacmaHueM MOUHOCMU.

Knroyeeble crioea: nasep, caMoghoKycupoeka, ebIHydeHHOe KOMBGUHaUUOHHOEe pacceusaHue.

UDC 53; 547.136.13; 576.535; 577.037
0. lvanyuta, Ph.D.
Department Electrophysics, Faculty of Radiophysics,
Taras Shevchenko National University of Kyiv

CHARACTERIZATION OF FULLERITY DERIVATIVES FOR ORGANIC PHOTOVOLTAICS

The fullerity C.,, derivatives were prepared by light illumination and ozonolysis of Cg gel solution. Experimental investigation was
carried by UV-vis, IR, Raman spectroscopy, XPS and AFM. The structure of C,,, derivatives in gel solution (aggregates with hydrated
shell) was studied. | present results from initial screening of the candidates based on informatics quantitative structure — property
relationships, their comparison with results from density functional theory calculations about the effect of donor-acceptor architectures
on the efficiency of the photovoltaic device.The comparison of spectral features for C,, derivatives with the data for the adsorbed layers
allowed to detect a series of C,, hydroxyl group of derivatives.

Keywords: fullerity fullerol, hydroxyl-, epoxy-, keto- derivatives, electronic structure, surface-enhanced infrared absorption.

Introduction. Organic photovoltaic devices appear
considerably cheaper and simpler in application, than
traditional elements. Distribution of this technology is
restrained by two important factors: not high (less than 9 %)
efficiency of transformation and small works. It is considered
that their commercial prospects depend on that, whether
they will manage to attain ten percent efficiency at the
simultaneous increase of calculation resource to ten
thousand clock. These devices have recently reached 15 %
efficiency and lifetimes close to 20 years; the search for the

gap between the excited singlet and ftriplet states
(5,8 -kcal/mol ) facilitating efficient intersystem crossing.
High yield of the triplet state, > 95%, provides an efficient
generation of singlet excite. Also, C,, is a acceptor of

photoelectrons with the ability to accommodate up to
several electrons reversibly [1, 6].

best (co)monomers for donor polymers being based on —'s*
exacting experimental synthesis (Fig. 1). ISC
3Qx
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Fig. 2. Diagram of the energy levels in the photosensitized
generation of singlet ('0,). 'S, 'S", S’ are the singlet
ground state, the singlet excited state, and the triplet excited
state, respectively, of the sensitizer S (C,,). >0, and 'O,
are the triplet ground and singlet state, respectively, of oxygen.
Next transitions correspond: 'S — 'S’ absorption; 'S” — *S’

intersystem crossing (ISC); *S" +°0, — *S+'0, energy

transfer. The energy transfer is possible if AE; >100kJ/mol [1]
Fig. 1. Fullerity C_,, in polymer chains [1]

Physical and chemical properties of fullerity C ., and

they derivatives in gel solutions such as their structure
(aggregates with hydrated shell), chemical and electronic
structure were studied recently in respect to the
photoinduced change transfer [1+5]. However,
experimental investigation of the behavior of fullerity C_.,

showed that it can be easily modification over light and
very short time of charge transfer from donor to acceptor

The design, automation and calculation of million organic
molecules allow the screening of the best candidates for
further study. Current applications of biosolutions with
fullerity C 4, and they derivatives in molecular electronics

are based on their behavior as active photosensitizer [1+5].
These features originate from known energy levels
diagram (Fig. 2) of the photosensitized generation of

singlet and triplet. Fullerity C_, and its derivatives can be

photosensitizer due to a strong absorption of light
throughout the UV and visible regions and the low energy

occurs [5, 8]. Also, the singlet excited exits very short time
and these systems do not have applications in molecular
electronic. Polymeric derivatives of fullerites in solutions
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