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TECHNOLOGICAL PARAMETERS LASER SPRAYING OF THIN FILMS
Zhiguts Yuriy , Lazar Vasyl, Hom jak Bogdan

TEXHOJIOI'TYHI HTAPAMETPH JIASEPHOI'O HAITMJIEHHA TOHKHUX IIJIIBOK
AKuryn 1O. 1O, JIazap B. @., Xowmsxk b. S.

Information of the main parameters of vapour condensation on the lining, as a resulted of
solve the problem of obtaining periodic thin-envelope multilayer structures formed from complex
compounds, is required. The results of solving this problem can be used in laser deposition of
envelope to obtain mirrors of the soft X-ray range and sublattices. The authors' theoretical and
experimental studies are devoted to the study of new possibilities for laser deposition of envelope of
substances by giant laser pulses that combine a complex chemical composition and unique physical
properties, namely, the ferroelectric SbSJ, which is characterized by anomalously high values of the
piezoelectric coefficient and ferroelectric parameters, and the piezoelectric Bi;;GeOy. In
experiments with deposition using mass spectrometry, the main parameters of the laser plasma for
these materials were determined. The authors analysed the electrograms and structure of SbSJ
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envelopes, determined the main parameters and optimal conditions for applying the envelope to the
substrate.
Key words: laser pulses, target, phase, film, sputtering, evaporation, trains, structure.

Hna po3s’sazanna npobiemu ompumanHs nepioouyHUX MOHKONIIBKOBUX 0a2amoulapoux
CMPYKmMyp c@hOpMoBaHUX 3 CKIAOHUX CHOJIYK HeO0OXIOHA IH(hopmayis npo OCHOBHI napamempu
KOHOeHcayii napu Ha nioknadky. Pesyremamu po3e’szky yiei npoOnemu modcymos Oymu
BUKOPUCMAHI  NpU  JIA3EPHOMY  OCAONCEHHI  NNIBOK Ol  OMPUMAHHA  O3epKal M K020
PeHmeeHi8CcbK020 Odianazony ma Haocpamox. Teopemuuni i excnepumMeHmanbHi O0CHIONCEHHS.
asmopie npucesdeni OOCHIONCEHHIO HOBUX MONCTUBOCMEU NA3ePHOC0 HANUNIEHHS NIIBOK DEedO8UH
2I2AHMCOKUMU TIA3ePHUMU IMAYIbCAMU, WO NOEOHYIOMb CKIAOHUU XIMIYHULL CKAAO MA YHIKAIbHI
Qisuuni enacmusocmi, a came ceenemoenekmpurka SbSJ, sxuil xapakmepuzyemvcs aHOMAIbHO
BUCOKUMU  3HAYEHHAMU  N'€30Koeqpiyienma ma  CcecHemOeNeKMPUYHUX — napamempie,  ma
n’ezoenexkmpuka Bi12GeOy. [na yux mamepianie 6 ekchepumeHmax npu HAnuieHHi 3a 00NOMO20H0
Mac-cnekmpomempii 8UZHAYAIUCL OCHOBHI napamempu 1aszepHoi niasmu. Aémopamu nposeoenuii
ananiz enrexkmponocpam ma cmpykmypu nuieox SbSJ, eusmaueni ocmosni napamempu ma
ONMUMANbHI YMOBU HAHECEHHI NIIBOK HA NIOKIAOKY.

Knrouoei cnosa: nazepui imnynvcu, miwens, paza, niiexka, HanuieHHs, SUNAPOBYSAHHS,

yyeu, cmpykmypa.

Unique properties of laser radiation: coherence, high pulsed power, small angular
discrepancy make it possible to focus relatively easily on optical systems, while obtaining
extremely high power densities. The first studies of the action of such a laser on the surface gave an
unexpected result — the kinetic energy of the emitted components at laser powers up to 10° W was
hundreds of electron volts. Most parameters of laser plasma depend nonlinearly on the power
density of laser radiation. On the other hand, the idea of heating a substance to thermonuclear
temperatures by laser radiation [1] has stimulated a number of plasma studies associated with high-
intensity irradiation of condensed matter [1-6].

Develop a method for obtaining thin films of complex compounds with simultaneous
determination of the most important condensation parameters when irradiated with a train of laser
pulses.

In modern microelectronics an important place is occupied by the problem of obtaining
periodic thin-film multilayer structures formed from complex compounds. That is why the study of
the method of obtaining films and the establishment of condensation parameters are of particular
importance. The results of this problem can be used in the laser deposition of films to obtain soft X-
ray mirrors and superlattices.

The mass thickness of the films was estimated by the resonant frequency shift of the
piezoquartz vibrator with a sensitivity of 0.2 nm. Since linear plots are present in the graphs of
dimensional dependences of film resistivity in the range of considered film thicknesses, according
to the Fuchs-Sondheimer plane-parallel layer model, we concluded that the microstructure of films
does not change when its thickness changes for a multilayer sandwich layer. The authors conducted
a statistical analysis of the quality factor of the obtained results.

The authors conducted a statistical analysis of the quality factor of the obtained results.

The number of experimental measurements required to obtain a small volume sample was
preliminarily determined to estimate the average size of the film thickness H with an accuracy of
€=0.05 and a reliability of a=0.95. To calculate the standard deviation S was taken a sample with a
volume of n;=5. As a result of processing the experimental data of this sample S=0.06 nm.

Define the formula function S, (t.) [7]:

a+l

Sn(tc):Tv (1)
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0,95+1
S,(t.)=—
According to [7], depending on the value S,(t;)=0.975 and n;=5, we find the value of
t.=2.8. Substitute the values found in function (2):
t2S? 4+ g2

i @

=0,975.

get
. 2,8%-0,06° +0,05°
0,05

Therefore, the volume of the small sample for the quality factor of the results (reliability)
0.95 was n=13.

This calculation established the required number of data measurements.

Substances that combine complex chemical composition and unique physicochemical
properties were selected to study the new possibilities of laser sputtering of films by giant laser
pulses.

The process of laser sputtering of SbSJ ferroelectric and Bi;2GeO,y piezoelectric was
subject to research.

I. Ferroelectric - SbSJ semiconductor, which is characterized by abnormally high values of
the piezoelectric coefficient and ferroelectric parameters.

I1. Piezoelectric Vi;2GeOy. For him, the main parameters of laser plasma were determined
in experiments by sputtering using mass spectrometry [6, 8].

The scattering pattern in the flux density range q=10°... 10* W/cm? is symmetric with
respect to the normal to the target surface in the center of the focal spot. The spraying occurs mainly
in the body angle ~ 1 steradian.

Direct measurements of the amount of evaporated substance indicate the correctness of the
above method of estimation in the range of the specified power densities. This means that in our
case the evaporation mechanism is not due to thermal conductivity.

The results of calculations and measurements are presented in table. 1.

~12.3.

Table 1.

The results of determining the density of the particles of the gas phase
Parameters L,cm 0,3 1 2 5 10
0=10° W/cm®, m=2-10"g n,em® [ 1-10® | 3-10 [ 410 | 3-10® | 5-10™
=5-10° W/cm?, m=1,5-10°g | n,cm™ | 7-10® | 2-10" | 3-10"™ | 2-10™ | 4-10"
0=10° W/cm?, m=5-10" g n,em® | 2:10° | 510" | 1-10®° | 610" | 1-10™
0=10° W/cm?, m=8-10 g n,cm® | 1-10%° [2,6:10"] 3,3-10"°| 2:10™ | 2,610
=5-10° W/cm?, m=5-10" g n,cm® | 5,610 [1,5-10"] 210" | 1,5-10™ | 1,8-10"
0=10° W/cm?, m=1,2-10r n,cm® | 1,3-10% [ 410 | 510" | 3-10" | 4-10™

Thus, under the action of a giant laser pulse, the limited volume of the target substance in a
very short time is converted into a high-temperature plasma clot, which expands adiabatically. The
applied method of evaporation of a complex compound makes it possible to carry out the deposition
of films in extreme conditions of ultrafast entry of ions and excited atoms and molecules onto the
substrate.

At the substrate temperature tp,;=20...100°C, the obtained films were amorphous, and at
higher substrate temperatures the electrograms contained annular lines that fit well into the SbSJ
crystal lattice. Oriented films were obtained for t,,g=140...150°C.

SbSJ films deposited on the KCI ring (001) located relative to the target so that the fall
occurred almost perpendicularly had a relatively smooth surface, except for a small number of
places that locally enhance the diffraction contrast and decorate the chip surface. These films are
characterized by the manifestation of the rough relief of the chip surface by tinting, which is shown
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in fig. 1 (a and b) with an average size of ~ 4000 A. The formation on the atomically smooth
surface of initially rounded, unfilled with condensate areas, which are shaded by the next pulsed
inflow of matter is probably electrical in nature.

Fig. 1. Electronic micrographs of SbSJ films sprayed on the chip (010) KCI when the
beam falls at an angle other than 90°

Increasing the flux density g and the associated increase in the thickness of the layer
deposited by the pulse leads to the formation of a continuous layer without going through the stage
of island growth. In the case when the thickness of the layer deposited by the pulse is close to the
monomolecular, structural-morphological transformations are possible. A further increase in
q>5-10® W/cm? leads to a sharp increase in emissions and, as a consequence, hardening of
nonequilibrium states.

At high vapor densities caused by g>Qqp, its condensation can occur during gas-dynamic
expansion without the participation of the substrate.

In general, the condition for obtaining continuous perfect films by means of giant pulses is
largely determined by the flux density of the laser radiation, the thickness of the layer deposited by
the pulse, the distance of the target substrate and the temperature of the substrate. These parameters,
within certain limits, can be purposefully chosen depending on the task. Studies show that a very
promising and technological method of obtaining films of complex substances by evaporating the
target with giant laser pulses can be successfully applied only by determining the optimal
evaporation modes and plasma characteristics. This is quite simple and effective can be done by the
above method using time-of-flight mass spectrometry.
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JTOCJLIKEHHSI TA AHIMALISI XAOTUYHOI'O PYXY MOJABIMHOI'O
MASITHUKA B ITAKETI MATHCAD
Irmatummn M. 1, Typsuauns L. L., [lenex 5. M.

RESEARCH AND ANIMATION OF THE CHAOTIC MOVEMENT OF THE
DOUBLE PENDULUM IN THE MATHCAD PACKAGE
Ignatishin Mykola, Turyanytsia lvan, Pelekh Yaroslav

AHIMayiss CKIAOHUX MEXAHIYHUX Cucmem 3 XAOMUYHUMU PYXAMU NpeOCmasisic iHmepec 3
MOYKU 30py akmuegizayii yaeu npu ix eusuenHi ma oocniodxcenti. Ilooyoosano 6 naxemi Matcad,
MamemMamuyHy Mooeib ma aHimayilo OUHAMIYHOI cucmemu NoOo8iliHo2o maamuuxka. Ompumano
KIHeMamu4Hi Xapakxmepucmuku ma aHimayiro.

Knrouoei cnoea: xaomuuni pyxu, noogiunuil Maamuux, animayis, mathcad.

Animation of complex mechanical systems with chaotic movements is of interest in terms of
reviving the imagination during their study and research. The double pendulum is an example of
chaotic behavior and is very sensitive to the starting position. Even with the slightest deviation, the
behavior of the pendulum changes completely. A mathematical model and animation of a dynamic
system of a double pendulum are obtained. Graphs of kinematic characteristics of chaotic motion,
position, velocity of masses and animation are obtained. The motion of a double pendulum is
represented by a system of four 1st-order differential equations. The numerical solution is obtained
and converted using the Mathcad package. The program in the Matcad package makes it possible
to simulate the operation of a double pendulum under different initial conditions.

Key words: chaotic movements, double pendulum, animation, mathcad.

XaoTH4Ha JWHAMIKA Ma€ CBOE 3aCTOCYBaHHS B 0araThbOX Traiy3siXx HayKd Ta TEXHIKH,
BKJIIOYAIOUH aCTPOHOMIT0, (DI3HMKY TUIa3MHU, CTATUCTUYHY MexaHiKy Ta TIPOAUHAMIKY, IO JTOBOIUTH
MEPCICKTUBHICTh PO3BUTKY Ili€l Taay3i Ta JOCIHIIKEHb, MOB’SI3aHUX 3 XaOTHYHOK IOBEIIHKOIO
pI3HOMAHITHMX CHCTEM 1 TIPEACTaBIsi€ HOBY Taly3b HENIHIWHOT MeXaHIKd, M0 CTPIMKO
PO3BHBA€ETHCA B Hai 4ac [1, 2].

[TpukaamomM XaoTUYHOI MEXaHIYHOI CUCTEMU € MOABIHHIA MasTHUK. [loaBiHUI MasTHUK —
Ile TPUKIAJ XAOTHYHI IMOBEIIHKH, BIH Jy)X€ YYTJIMBHH JIO MMOYAaTKOBOrO cTaHy. HaBiTh mnpu
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