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Photo and nuclear radiation induced processes are considered through the interaction of ra-
diation with semiconducting, metallic and other materials, including the scintillator materi-
als. The improvement of component efficiency by the use of quantum generators, trimming
and hybrid processes with nuclear radiation has been analyzed. The studied processes can be
positive or negative depending on application. Besides the experimental approach to the pro-
cesses and chosen interactions, the analytical description of our experiments, as well as ones
from other references, has been performed. The contemporary couplings between the nuclear
physics, laser techniques and respective dosimetric aspects have been considered.
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INTRODUCTION

Considering contemporary problems in power
electronics, ecology, energy transformation, and
power efficiency, radiation protections should occupy
more important role. The current approach to the radi-
ation protection was probably valid somehow isolated
—separately, due to the gaps between different theoret-
ical and engineering areas. The problems provoked by
radiation, nuclear power, electrical phenomena, dis-
charges, natural and artificial phenomena which were
developed either in large laboratories or power plants
cannot be treated separately. Today, at the level of the-
oretical scientific considerations, as well as in technol-
ogy and metrology, a tremendous number of crossing
areas exists, where the interaction of one type of radia-
tion (or particles) uses the other types of radiation to
modulate characteristics, or to perform some opera-
tions (cutting, annealing, efficiency increasing).

Particularly, the electron laser ion neutron
(ELION) techniques are modern categories, where la-
ser, ions, electrons, and neutrons are used directly in
processing techniques and for modulation purposes
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(refraction index, resistivity, hardness, mechanical
performances, etc.). The use of radiation in radiation
protection monitoring and monitoring working re-
gimes of power plants are always important topics.
The laser role in fission, fusion, atom cooling, isotope
selection, fiber laser, detectors and communications
purposes, in real working processes (demonstrations
or simulations) has many overlapping tasks.

The recording of existence and transmission of
high power nuclear particles in polymer (plastic) ma-
terials, scintillator, efc. belong to a special area. Here
we have the intention to analyze some problems from
the analytical and experimental points of view. The
modern techniques in diagnostics and high power ap-
plication such as laser aided additive and subtractive
manufacturing (LAASM), laser induced mass analy-
sis (LIMA), ultra high peak power laser (UHPPL), and
many other acronyms with W (where W could indicate
weapons or waste for military or ecological applica-
tions in Space) demand the unified consideration of
ELION techniques. The non-destructive techniques
can be divided in two classes; the diagnostics by macro
and micro levels. The scattering (elastic and inelastic),
diffraction and interference effects are used in the di-
agnostic by macro-consideration. In micro-diagnos-
tics, the methods of laser and Raman spectroscopy, ab-
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sorption and calorimetric laser fluorescence analyses
are defined. The lasing principle can be linked to nu-
clear radiation (pumping by nuclear particles and radi-
ation: neutrons, ions, pre-ionised processes, efc.).

In the interactions with living creatures it is of
special importance to search and find the minimum
threshold for defined radiation. In addition, a special
attention is paid to lasing processes in preservation,
cleaning and diagnostics of cultural artifacts, though
ELION applications in heritage science also exist. It is
important to find the advantages and disadvantages of
different radiation types, interactions of laser and y ra-
diation processes with wood material and food (de-
stroying microorganisms). The radiative processes in
nuclear physics, general performances of nuclear re-
actions, coupled with signal processing and nuclear
electronics, contain very strong criteria vs. new evalu-
ation of measuring uncertainties.

Photo-induced processes in materials can be ex-
plained by three types of responses: photo-transfer of
charged particles, phase-changes, and selective elec-
tron-phonon centre transformations. The first is asso-
ciated with photo-chromic responses in ionic crystals
and organic compounds as well as photo-refraction
processes in electro-optical crystals. In halogen glass
semiconductors, the photo-transfer is present in re-
sponses to intensities lower than 100 W/cm?. At
higher intensities, photo-thermal processes appear.
The transition from photo-transfer to photo-thermal
processes starts even at ~1 W/cm? [1]. The radiation
and photo-induced processes were described by simi-
lar theoretical methods [2, 3].

Radiation defects and effects have to be included
as the area of special attention. From the point of view
of recording and information processing, a number of
applications uses light, other forms of radiation, and
particles (nuclear and electromagnetic). Referring to
photons in UV-VIS-IR ranges, the role of quantum
generators is increasing. Processes are complemen-
tary, so new techniques are being developed in the area
of solid-state and nuclear physics, and optoelectronics
(electron beams, ion implantation, laser annealing).
This attitude could broaden ELION techniques, where
plasma could also be included. In technological pro-
cesses and information recording, the phase transi-
tions from amorphous to crystal state and vice versa
are achieved by using radiation, fig. 1 [3].

The material amorphization is generally impor-
tant, with special role in semiconductor technology
and opto- and micro-electronics. A lot of implemented
work results are in the need for further fundamental re-
search in areas such as phase transformations by laser
beams, where a great instability of crystal-amorphous
state transitions has been noted. Some indications of
local amorphization have been observed in the study
of pulse laser interactions with ferrites. The induced
phase transitions possess a photo-thermal character
and breaking of molecular bonds. Despite many issues
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Figure 1. Phase crystal — amorphous transition

in experimental and theoretical studies, unanswered
questions still exist and deserve further work.
Photo-thermal records are the most studied in the ref-
erences concerning halogen materials and semicon-
ductor lasers. It can be linked to nuclear processes,
trace detectors and respective mechanisms. A selec-
tive laser excitation often leads to the center transition
to metastable or ionized states. These processes can
exceed the diffraction limit of optical records.

All this belong to the couplings between nuclear
and optical radiation implemented in order to change
material performances for theoretical and application
purposes [4-6]. Therefore, terms like damage of com-
ponent, memory, optical record, trimming process, de-
tector sensitivity, and emission efficiency for lasing
processes could be treated as specific case that is of
common interest [7-10]. Here, we have analyzed the
chosen group of problems:

— diffraction efficiency,

— contrast by recording processes,

— laser interaction with scintillator material — the el-
ements for establishing the relationship between
the laser energy and the amount of ejected mate-
rial,

— laser trimming, and

— interaction with metallic material (which are often
used as substrates in various applications).

Some of the mentioned problems were per-
formed through our (or from references) experimental
work and we created analytics. We have also shown
some damages made by laser beams.

The well-known modeling through thermal
models cannot be performed to all possible processes
provoked by laser material interaction, and many em-
pirical models of limited values still exist. They and
the presentation of experimental data through recog-
nized mathematical functions could be of interest, for
prognosis of the effects of photo induced processes.
Note that by treating of optical constants, many efforts
are united to cover all electromagnetic spectrum. It is
well known that a low reflectance for y radiation, does
not make the possibility of y-raser in the regime which
is not progressive.
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Belonging to different areas of research, the au-
thors tried to consider the areas of both laser and nuclear
techniques from different sides. The link between the
research of interaction in visible and gamma (including
particles) ranges is the material — for recording in holog-
raphy and for scintillators (detectors in nuclear physics,
but same type of materials could be active materials).
On the other hand, the materials frequently used in op-
tics serve in nuclear detectors for high energies. In this
work, the purpose was to continue activities of some au-
thors and further to process experimental data on
ejected mass during the interaction, and to compare the
damages made by laser beams of similar energies in dif-
ferent types of materials.

MATERIALS AND METHODS

Some analysis, calculations and
dependencies based on references

For chosen experimental results, we made a the-
oretical study of the obtained results from our experi-
ments and other authors. We searched for characteris-
tic analytical functions by using the appropriate
numerical approaches. Therefore the interpolations in
more general sense could be obtained and for some
cases we made it.

Some relations for optical recording
and analytic treatment

The optical recording, as large area of investiga-
tion, deals with many materials. The holographic re-
cords due to different laser beams (for recording and
reconstruction) deserve further analyses and tasks for
solving. The recording is performed by continuous
wave (CW) as well as by shorter laser pulses (ps,
ultrafast holography). What will be with atto and zepto
photons in visible, X (or y) ranges and recording, rests
in the future.

Table 1. Diffraction efficiency 77 on sinusoidal holograms

We have analyzed the parameters of photoinduced
reactions in organic compounds for holographic record-
ings i. e., the chosen material was alphabiketone and
camphorquinone. The parameters of recording in solid
solution of camphorquinone and polyacrilate obtained
by Ar":ion laser (514.5 nm and 488 nm) were studied ex-
perimentally [11]. The changes in refraction index n
present the basic results, which are analyzed and mea-
sured by interference and holographic methods. The dif-
fraction efficiency of recording depending on the per-
formed methods is expressed through various final
analytic formulas (tab.1). The changes of » were ob-
tained by the saturation processes at laser beam exposi-
tion 800-1000 J/cm?. The change An,,, depends on
camphorquinone concentration and increases with tem-
perature of photo-induced reaction. It was obtained
An = 5:107* for 328 K. The increasing An is used for
light sensitivity improvement of recording material (the
development of records, the increase of Az and 1), tab. 1
[1].

The holograms with phase transmission and re-
flection in 2-D and 3-D were also analyzed versus the
diffraction efficiency. The Bessel, modified Bessel
and Hénkel functions of the first and second kind,
spherical Bessel and Hankel functions, as well as
Riccati-Bessel functions have to be implemented in
analytical studies.

They were performed in order to obtain the de-
pendence of diffraction efficiency by various laser ex-
positions. Using them, we depicted the dependences
for solid solutions of camphorquinone vs. exposition
and sensitivity by increasing recording temperature (it
can increase more than 1000 times). The analytical ex-
pression could be of interest to obtain a generalized
function for processes. On the bases of them, the shape
of generalized behavior vs. expositions (parameters
like pulse energy, solution concentrations, cw power
density, replacing of laser wavelength), the spreading
and shifts can be foreseen for new parameters.

Holograms Nmax (calculation) | 7. (eXperiment) Formula
2 2
Amplitude 2-D transmission 6.25 n= b Zn NMmax> M =1 = ;
—2Kd d
n= exp( 0 )sh( KA ]
- cosf 2cosO
3-D transmission 3.7 N
b =In3,k5 =K
Mmax Y 2 cosd A 0
n= A
2 d 2
2y + 1|45 — 14 cth| ——— |\4d -
3-D reflection 7.2 0 Ko ~Fac (20089] 0~K4
b
1 max by@—)E,KA :KO

Designation: ) — diffraction efficiency, 8 — amplitude transparency, the transmitted/incident amplitudes, m — coefficient of the modulation,
Kk »—modulation of absorption, kp— mean coefficient of absorption after exposition, d — thickness of photorecording material, @ —incident angle
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The scintillators of inorganic compounds VIII-I
groups are exposed to Nd>*: YAG as well as to CO,, la-
sers with the pulse energies: 100 mJ, 350 mJ, and
700 mJ for the first and 50 W for the second one. The
scintillators were used for many years in detections of
0Co, 3Cs, '’Ir, *Mn, and *’P, where y rays were
from0.661 MeV to 1.33 MeV. The cumulative nature of
the processes is still of interest in various power ranges.
For this purpose, we repeated 10-45 pulses starting with
single expositions. The damages are analyzed by verti-
cal profiling, lightand SEM microscopes [12]. We used
pulsed Nd**:YAG laser (1 J-10 J), with 2-7 ms pulses
and in Q-switch regime with 8 ns pulses.

RESULTS AND DISCUSSION
Modeling of experimental curves

The results of our modeling of experimental
curves from references are presented in figs. 2(a-d) for
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various concentrations and in figs. 3(a-c) after thermal
developing. The fitting was made after using program
Digitizer to obtain starting points from experimental
data. All fitted curves are followed by the criteria of
the least squares methods and appropriate fitting is
presented.

Modeling of processes for materials
for irreversible records and
analytical analyses

The other chosen analyses concerning optical re-
cording by laser processes could be performed for:
material choice, protective thin coatings, transparent
layers, fast evaporation layers, inter layers for hard-
ness improvement of multilayer systems, layers with
barriers, processes for discrete recording in Te-based
materials and alloys on various thin films, F-centers,
polymers for discrete records, thermo-optical record
in gelatine with dispersed metal and records with bub-
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Figure 2. The fitted diffraction efficiency for solid solution of camphorquinone in polyacrilate for various concentrations
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% 50-] " Expodata processes are important for holographic records, too,
;g T Fited curve as it is the case of solid organic solutions in benzoate
Ry saharose (C,H;CO),0. Some facts are that the records
'(‘% a0 could be deleted after 3 days-3 weeks, and the diffrac-
£ tion efficiency could be lowered down to 35%; the
204 other records are long-stored, they are stable in normal
(room) temperatures.
10 For decreasing reflections losses, the interference
1 processes are used for compensations. The multilayer
07 systems have: substrate (glass, polymethilmetacrilate —
50 100 150 200 250 300 350 PMMA), photo-sensitive-, transparent-, reflective-,
(a) i . Exposition [Jom?] fast evaporated-, complementary for increasing hard-
y=651074-0.046x+3.18 ness and diffusion (barriers) and, protective layers. Op-
) timum data for 632.8 nmaren=1.5and d=A1/4n =10
704 - 2 nm. Starting from the reference [1], for contrast coeffi-
& ® Exp. data cient vs. laser irradiations we made analytical study.
g 60__ — Fitted curve The selected data were taken by adequate digitizer and
£ 50 fitted by appropriate numerical procedures. The fitted
§ ] curves are presented in figs. 4(a-d), as well as the math-
g 07 ematical functions.
O 30
20—4 The dependences of optical thin
10 films thickness and performances
. 1 depending on grain size
450 500 550 600 650 Considering the experimental results [4, 5] we
®) us 670 Exposition [Jem™] modeled the dependences, the function shape and
Y g ootess maximum's shifts. Various physical constants for ma-
terial depend on the thickness of the sample and espe-
~ 5 cially the constants are different for bulk and thin
% 60 films. We fitted the experimental data for thin films vs.
5 " Exp.data grain sizes and results are presented in figs. 5(a-e).
% 50 — Fitted curve
S
§ 40 Scintillator materials in the field
. of nuclear detection and lasing materials
20 1 The scintillators have had for a long time various
10 roles in the field of nuclear detections in large power
ranges for single particles or high fluxes. Their appli-
0 cation in detectors with photo-processes is defined by
T technical demands of devices. The sensitivity is de-

T T . T T T T T 1
550 600 650 700 750 800 850 900
Exposition [Jem 2]
© 66.4
y=258+————7—
1 4 10(758-x0.01314

Figure 3. The dependence of experimental diffraction
efficiency for solid solutions of camphorquinone in
polyacrilate after thermal developing for: (a) 7=340 K
by exposition intensity of laser beam 0.002 W/cm?,
(b) T=313 K by 0.27 W/cm?, (c) T=296 K by 0.27 W/cm?

bles, etc. We will analyze the role of protecting layers
[1]. The selected references have presented a great
number of parameters, as well as broad vision of re-

pendent on maximal anode current and voltage of
photomultiplier as well as on a sensitivity threshold
(which depends on dark current), secondary emission
from dynodes, efc. They have a special role in low in-
tensity fluorescence measurement. Some experiments
with irradiation of scintillator materials, nuclear detec-
tors and solar cells were performed where exposition
to laser beam improves scintillation efficiency. The
best known old scintillators were made of inorganic
material (I-VII compounds activated with heavy ions).
The activations with some light elements were made,
too. They affected the rise-time of the signals and it
was of interest for pulse shape discrimination tech-
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Figure 4. Coefficients of contrast vs. laser radiation for Te films, 30 nm thickness on the substrate of PMMA by various
thicknesses of protective coatings based on SiO;; (a) 1 nm-500 nm, (b) 2 nm-100 nm, (¢) 3 nm-30 nm, and (d) 4-without

coating, fitted curves, and experimental data from [1]

nique — PSD [13]. The role of PSD developed for the
discrimination of nuclear radiation and particles could
be expanded for optical phenomena, and especially
when strong lasers interact with the material (induced
gamma, neutron, proton beams).

The other scintillators on the front side of
photocathode (pasted using a material with matched
refraction index) are organic materials, polymers, efc.
Some of them could be of interest as lasing materials,
too. The application of fiber in detection of nuclear
processes is also very successful [6, 14-17]. Those ap-
plications in medicine and power engineering are
widely performed. From the ecological point of view,
new detectors with improved sensitivity and effi-
ciency are required.

The PMMA materials, as well known materials
with additives, have today a new field of application.
They intensively fluoresce when exposed to electrons

or y-ray beams. Different materials as PMMA dopants
are of interest for waveguides (the fibers which, be-
sides basic functions in signal transmission, have ap-
plications in optical powering of sensor, in optical
computing, efc.) [ 18]. Besides the all optical computer
concept there are couplings between the lasers and nu-
clear irradiations and components efficiency improve-
ment [7-10]. Working environments are a matter of in-
vestigation in many sciences. Neutrons, «, 3, ¥, and
electron irradiations of lasing and other materials are
changing optical or mechanical characteristics [19,
20]. It holds for many devices and components linked
to the energy conversion for lasers, solar cells, laser
motors, and detectors in Earth and Space investiga-
tions [15, 21]. In Space investigations many radia-
tions mix and their influence deserve attention. The
hardness in general term and possible fluorescent pro-
cesses are important for lidar (light or laser detection
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and ranging) methods: more generally as the elion
hardness. Laser beams provoke many processes but,
the damages and the threshold represent useful data.
Some damages analyzed here could be of interest in
the area of scintillators which were in working condi-
tions of nuclear detections, modern detection material
and laser processing of scintillators and nuclear fuels.

Based on the data of crater profiling [12] using
appropriate software packages, crater shapes in fig. 6,
are obtained. The fittings are performed by using Digi-
tizer (software). Some of the characteristic crater
shapes could be fitted by appropriate mathematical
functions as we have done. It is of interest for further
comparisons and correlations. The analytical forms
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Figure 6. Craters provoked by laser beams of energies from tab. 2. Figure (a) and (b) correspond to the same damage but
in two chosen perpendicular cross-sections, as well as (c¢) and (d). z axis represents depth of craters (h). (a) and (b)

are provoked by 15 x 100 mJ and (c) and (d) by 45 x 100 mJ

give the possibility to obtain the volume of the ejected
material, tab. 2, vs. incident energy. It could be the ba-
sis for relations between the dE/dx or the dE/dm.

The scintillator Ne 102 was broken during the
exposition to cw CO, laser beams (50 W). The
polycarbonates (plastics) which can be the substitu-
tions for optical component were exposed to the laser,
too. Powder materials (placed on top of disk-like sam-
ples) exposed to ruby laser in the range of 1-4 J are im-
printed in. This can be of interest for one of coating
methods. The results could be compared to lasing ma-
terials and generally optical transparent materials.

Laser induced dielectric breakdown threshold-
LIDT experiments and calculations are often
dispersive. We studied laser damages of various mate-
rials and lasers CO,, Nd*":YAG, ruby, alexandrite, efc.
PMMA elements (plates), and other plastic materials,
cut by CO, lasers, have smooth surface.

The model of disintegration of
material and laser processing

Contemporary models of disintegration of mate-
rial in the area of laser interactions in various working
regimes are considered. The technology requires mul-
tipurpose usage of laser beams. It is necessary to
model provoked processes, to optimize: the beam pa-
rameters, optical systems and material itself. All mod-
els, besides analytical, include the empirical approach,
too, involving both statistical and numerical ap-
proaches [22-26].

Thermal disintegration theory describes the in-
teraction by conduction and evaporation processes
and defined conditions of simplification of the prob-
lems. The questions of the transition time, the relation-
ships of propagation front with sound velocity, the
choice of co-ordinate system are coupled to acoustical

Table 2. Nd**: YAG laser damages, crater diameters, depths and evaluated volume V, of ejected basic material

for some sample damages

Pulse energy [mJ] | Pulse number | Total energy [mJ] | Crater diameter [um] | Crater depth [um] | Evaluated ¥, [mm’]
1 100 1-15 100/1500 0.5,0.65 9,10 1.23-10°°
2 100 45 4500 0.9 34 10.8:10°
3 350 1+9=10 3500 1.5 (non Gaussian) 12
4 700 10 7000 2.25,2.25 12,13
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properties of material and crystal lattice. The transcen-
dental equations are frequent solutions. The laser in-
teraction could serve as a test of material loading or
hardness [27]. The optimum interactions are also of in-
terest for specific laser types. The interaction of the la-
ser beam (working regime, power density) and the ma-
terials depends on the surface state but not for high
intensity. If the phase transformations are obtained or,
if the non-linear processes start, more complex sys-
tems must be used (in trimming, welding, cutting,
etc.). A particular significance lies in security aspects
which could give an advantage to a specific laser tech-
nique emphasizing the need to study the existing
doses. The final formulas are not so valuable, their der-
ivations and approximations are not discussed. They
could serve as the first approximation if the history of
the material is not well known and the limits of formu-
las applicability are not estimated.

Trimming aspects

Theoretical and commercial aspects of laser inter-
actions with solid materials are always a topic, espe-
cially in microelectronics industry. We also investigated
the details of analyses of obtained damages, i. e., the
trimming processes. Besides the integrated circuits,
there are still macroscopic components in industry,
electronics, microelectronics and mass media applica-
tions (resistance, capacitor, and inductive components).
Laser applications in trimming processes have evolved
through years including commercial devices for larger
or more specific purposes (trimming of micro-motors -
rotors, as well as printed circuits, efc.). Laser beams are
used to eject the desired quantity of material. The char-
acteristic forms are circular holes, or lines, depending
on the desired resistance or breaking the connections
formed through technological processes [28-30].

Some characteristics of laser damages are pre-
sented in fig. 7. The lengths of performed damages in
the resistance material were 0.5 mm-1 mm. The thick-
ness of the ejected material on the crater (0.5 mm di-
ameter) edges was 0.004 mm. The tolerance after trim-
ming processes was 10%; for 1% tolerance, so a better
control has to be done. The resistance values of metal-
-strip resistors before and after laser beam exposition
(9 J) varied from 0.53% to 1.8%. For damages ob-
tained by the Nd** : YAG laser irradiation, crater diam-
eters and depths are graphically presented in fig. 7.

Thick film resistors

Trimming was performed in straight lines — 7 and
L cuts. The length varied 0.5 mm-1 mm. The thickness
of rejected material is in the zone 0.004 mm on both
sides (the width of the kerf ~0.002 mm-0.004 mm.
Note that the scanning and power parameters have to

0.4 mm x 0.6 mm

_Oo_

0.7 mm x 0.9 mm

0.5mm x 0.55 mm
12mmx 1.3 mm

— I

(a) 0.6 mm x 0.4 mm

(b)

Figure 7. Characteristical details of trimming process
(shape of damages); (a) resistors and (b) damage on high
purity Al (the shape of concentric circle) front side
(upper) and rear side (down); pulse energy 9 J

be optimized. The appearance of the boundary HAZ
(heat affected zone) is similar to the material which
was softened to melting. The HAZ directly affects the
tolerance range and the temperature resistance coeffi-
cient. It is advisable to have a spot size of 5 um so that
the tolerance of higher trimming harmonics is 10%. As
it is mentioned before, for the tolerances of 1%, resis-
tance must be monitored. The typical problem is
post-trim drift, and it should also be taken into ac-
count. By choosing the appropriate model for predict-
ing of the processes, thermal imaging recording de-
vices should be very useful as well as acousto-optic
recording by irradiations. Trimming effects should be
guided by introducing adequate models for crater
depth control.

This approach we have performed for other ma-
terials and laser types. These techniques were used in
various applications concerning medical therapy with
nuclear radiation, diagnosis, but also in electrical cir-
cuits for hot points recovering. In many energy and en-
vironmental problems metals, PMMA, lasers, elion
techniques, fibers, scintillators, could be useful [31].
The calculations have been made for the width and the
depth of the crater for a range of energies and powers.
The experiment shows a good agreement with the cal-
culations for the diameter but not for the depth. The
surface resembles to the mercury drops. It seems that
the material is evaporated (sublimated).

Laser interaction with steel based
samples and thin films

The micro-alloyed low carbon samples and
other steel samples are exposed to various laser beam
energy densities in visible and IR spectral portion in ns
and ms regimes. They were various thermally pro-
cessed and cold plastic deformed. The damages were
analyzed by light microscope, SEM, IR spectroscopy,
and mechanical testing. The damage diameter vs. the
incident beam energy has been analyzed and the ap-
propriate approximations with various polynomials
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(interpolation with second and third order) were per-
formed. The main use of these materials is in electron-
ics and mechanics and demands defining the
thermo-mechanical processes as well as the technol-
ogy of joining and separating, in order to maximize the
preservation of material's magnetic characteristics
(transformers) [30]. The interaction is connected to
multiple problems (surface transformation, welding,
indentation) through appropriate models. Laser and
elion techniques have been applied to a variety of com-
plex alloys, non-ferrous metals and micro-alloyed
steels. In order to determine the effectiveness of laser
usage in the metal treatment and damages at the micro-
scopic level, the samples based on the steel were tested
with several lasers. Between them were the Nd*':
YAG, Q switch, with pulse energy 35 mJ (15 ns) in
multi pulse regime and the Nd*":YAG, top hat, A
=1064 nm, 2 pulses of duration 2 ms, E,,,~1 Jto 10 J,
beam diameter 2 mm, also [30]. The plasma screening
is spotted for all laser beam energies higher than 4 J.

The provoked laser damages were divided into
three groups. The cylindrical surface of the sample in-
fluenced the damage shape. Depending on the sample
shapes (cylindric or flat) sharp edges, or only partially
damaged surface had been found, fig. 8. The color of
samples was changed from gray to dark gray. Clear
grey contours were expressed while the central part of
the damages was dark grey (almost black). The third
group of weakest damages had the most irregular
shape. The modular structure can be seen through the
damages. Inthe damages without the sharp edges only
partially dispersed droplets of melted and solidified
materials of circular shape have been noticed. The IR
spectra (fig. 9) could be useful for evaluation of reflec-
tion losses for basic material.

CONCLUSIONS

The laser processing (working conditions) in
scintillator depends on the basic material type (or-
ganic, inorganic), and it is, in general, in correlation
with the known data from commercial applications.
The laser power, stability of polarizations, frequency,
gas (inert, protective, auxiliary), jet type, lens focusing
diameter and position, have to be monitored in order to
obtain the smooth surfaces and regular damages.
Comparing laser technique with other elion tech-
niques show that previous does not require vacuum.

In the whole studding of laser processing meth-
ods; particularly in trimming methods, the conclusion
is that the experiments and efforts should be continued
to match the theoretical models and issues. Laser treat-
ments of material coatings should be studied a bit dif-
ferently. Coating treatment models on the other hand
should broaden their perspective focusing on the
width of the spot damages. If samples are used in areas
were energy efficiency is of vital importance, a precise

1.8 mm

Gray blue color

Oxidized part
Golden gray color

2.0 mm

1.1 mm

(d)

Figure 8. Microalloyed steel sample in the cylindric form
with damages (a-d)
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Figure 9. IR spectra of basic steel material

removing of coating could in dielectric areas lead to
different electric field profiles (creating specific local
fields).

The samples of micro-alloyed steel treated by la-
ser beams of different wavelengths and power have
shown various effects on different samples and the re-
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lationship is studied of obtained damage sizes versus
energy. The plasma screening appeared by expositions
of metals.

The damaged places and the pulse energy show
that the saturation processes were present. The materi-
als chosen for the photo-recordings served for estab-
lishing a theoretical-practical liaisons with the aim to
reveal the mathematical expressions of the parameters
change used for recordings (laser power, pulse energy,
etc.). Since we have started from mathematically simi-
lar curves the work done might contribute to revealing
the curve families corresponding to parameters
change adequate for recordings on a given sample.

Some conclusions which follow from the fitting
processes and chosen mathematical functions are:

e Mathematical model presented in this paper proves
the increase of diffraction efficiency with the in-
crease of concentration of camphorquinone in
polyacrilate, which had been shown experimen-
tally. Through analytical formulation, we have
found that there are indications that the value of ex-
position at inflection point as a function of concen-
tration in solution is close to a parabolic function.

e The experimental data was fitted with different
mathematical functions for mentioned solid solu-
tions after thermal developing. The height of the
plateau rises with the increase of temperature as
well as with the exposition density.

e  When the thickness of protection layer is greater
than certain value, the dependences of the contrast
coefficient vs. radiation power are explained by the
same shape of mathematical functions, whereas for
the thicknesses lower than that value, the men-
tioned dependence is explained by another shape of
mathematical function.

e Considering the grain sizes and optical film thick-
nesses, the same function is applied for fitting. For
small and big grain sizes the functions tend to con-
stant values.
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®OTOJOHU3ALIMOHU IMPOLHECHU, UHTEPAKIIMJA 3PAYEIbLA CA
MATEPUJAJIOM N OHITEREKBA - OTIIOPHOCT MATEPUJAIIA

IMpornecu nHAYKOBaHM ONTUYKUM U HyKJICAPHUM 3padeheM pa3MaTpaHu cy KpOo3 HHTEepaKIyje
3padyema ca IOJYIPOBOAHMYKUM, METAJIHUM M APYTUM MaTepujajuMa YKibydyjyhu u Marepujaie
CHUHTHJIATOPa. AHAJIM3UPAHU Cy NPOLECH IOBUIIEHA €(PUKACHOCTH KOMIIOHEHATa KOpHIThemeM
KBAaHTHHUX TeHepaTopa, NpOollecd TPUMOBAaWKA U XUOPUAHMX IIpoleca ca HYKJICAPHUM 3padycHEM.

IMopen

€KCIEPUMEHTAJIHOT Tpuiia3a ImpoliecuMa W M3a0paHMM MHTepakiujama, 00aBJbeH je aHATUTUIKH OIHC
HalllUX eKcIepuMeHaTa Kao M eKCIIEpUMEHTAJHUX pajioBa Apyrux ayropa. PasmoTpeHa cy caBpeMeHa
crnpe3ama u3dMeby HykieapHe (pu3mKe, Jacepcke TeXHUKE U OfroBapajyhux gosumerpuja.

Kwyune peuu: Hykaeapha itiexnHoaozuja, aacep, 3aiiuc, owtitieherbe, OillilopHOCIU



