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Photo and nu clear ra di a tion in duced pro cesses are con sid ered through the in ter ac tion of ra -
di a tion with semi con duct ing, me tal lic and other ma te ri als, in clud ing the scintillator ma te ri -
als. The im prove ment of com po nent ef fi ciency by the use of quan tum gen er a tors, trim ming
and hy brid pro cesses with nu clear ra di a tion has been an a lyzed. The stud ied pro cesses can be
pos i tive or neg a tive de pend ing on ap pli ca tion. Be sides the ex per i men tal ap proach to the pro -
cesses and cho sen in ter ac tions, the an a lyt i cal de scrip tion of our ex per i ments, as well as ones
from other ref er ences, has been per formed. The con tem po rary cou plings be tween the nu clear
phys ics, la ser tech niques and re spec tive dosimetric as pects have been con sid ered.
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IN TRO DUC TION

Con sid er ing con tem po rary prob lems in power
elec tron ics, ecol ogy, en ergy trans for ma tion, and
power ef fi ciency, ra di a tion protections should oc cupy
more im por tant role. The cur rent ap proach to the ra di -
a tion pro tec tion was prob a bly valid some how iso lated
– sep a rately, due to the gaps be tween dif fer ent the o ret -
i cal and en gi neer ing ar eas. The prob lems pro voked by
ra di a tion, nu clear power, elec tri cal phe nom ena, dis -
charges, nat u ral and ar ti fi cial phe nom ena which were
de vel oped ei ther in large lab o ra to ries or power plants
can not be treated sep a rately. To day, at the level of the -
o ret i cal sci en tific con sid er ations, as well as in tech nol -
ogy and me trol ogy, a tre men dous num ber of cross ing
ar eas ex ists, where the in ter ac tion of one type of ra di a -
tion (or par ti cles) uses the other types of ra di a tion to
mod u late char ac ter is tics, or to per form some op er a -
tions (cut ting, an neal ing, ef fi ciency in creas ing).

Par tic u larly, the elec tron la ser ion neu tron
(ELION) tech niques are mod ern cat e go ries, where la -
ser, ions, elec trons, and neu trons are used di rectly in
pro cess ing tech niques and for mod u la tion pur poses

(re frac tion in dex, re sis tiv ity, hard ness, me chan i cal
per for mances, etc.). The use of ra di a tion in ra di a tion
pro tec tion mon i tor ing and mon i tor ing work ing re -
gimes of power plants are al ways im por tant top ics.
The la ser role in fis sion, fu sion, atom cool ing, iso tope
se lec tion, fi ber la ser, de tec tors and com mu ni ca tions
pur poses, in real work ing pro cesses (dem on stra tions
or sim u la tions) has many over lap ping tasks.

The re cord ing of ex is tence and trans mis sion of
high power nu clear par ti cles in poly mer (plas tic) ma -
te ri als, scintillator, etc. be long to a spe cial area. Here
we have the in ten tion to an a lyze some prob lems from
the an a lyt i cal and ex per i men tal points of view. The
mod ern tech niques in di ag nos tics and high power ap -
pli ca tion such as la ser aided ad di tive and subtractive
man u fac tur ing (LAASM), la ser in duced mass anal y -
sis (LIMA), ul tra high peak power la ser (UHPPL), and 
many other ac ro nyms with W (where W could in di cate 
weap ons or waste for mil i tary or eco log i cal ap pli ca -
tions in Space) de mand the uni fied con sid er ation of
ELION tech niques. The non-de struc tive tech niques
can be di vided in two classes; the di ag nos tics by macro 
and mi cro lev els. The scat ter ing (elas tic and in elas tic),
dif frac tion and in ter fer ence ef fects are used in the di -
ag nos tic by macro-con sid er ation. In mi cro-di ag nos -
tics, the meth ods of la ser and Raman spec tros copy, ab -
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sorp tion and ca lo ri met ric la ser flu o res cence anal y ses
are de fined. The lasing prin ci ple can be linked to nu -
clear ra di a tion (pump ing by nu clear par ti cles and ra di -
a tion: neu trons, ions, pre-ion ised pro cesses, etc.).

In the in ter ac tions with liv ing crea tures it is of
spe cial im por tance to search and find the min i mum
thresh old for de fined ra di a tion. In ad di tion, a spe cial
at ten tion is paid to lasing pro cesses in pres er va tion,
clean ing and di ag nos tics of cul tural ar ti facts, though
ELION ap pli ca tions in her i tage sci ence also ex ist. It is
im por tant to find the ad van tages and dis ad van tages of
dif fer ent ra di a tion types, in ter ac tions of la ser and g ra -
di a tion pro cesses with wood ma te rial and food (de -
stroy ing mi cro or gan isms). The ra di a tive pro cesses in
nu clear phys ics, gen eral per for mances of nu clear re -
ac tions, cou pled with sig nal pro cess ing and nu clear
elec tron ics, con tain very strong cri te ria vs. new eval u -
a tion of mea sur ing un cer tain ties.

Photo-in duced pro cesses in ma te ri als can be ex -
plained by three types of re sponses: photo-trans fer of
charged par ti cles, phase-changes, and se lec tive elec -
tron-phonon cen tre trans for ma tions. The first is as so -
ci ated with photo-chro mic re sponses in ionic crys tals
and or ganic com pounds as well as photo-re frac tion
pro cesses in elec tro-op ti cal crys tals. In halo gen glass
semi con duc tors, the photo-trans fer is pres ent in re -
sponses to in ten si ties lower than 100 W/cm2. At
higher in ten si ties, photo-ther mal pro cesses ap pear.
The tran si tion from photo-trans fer to photo-ther mal
pro cesses starts even at ~1 W/cm2 [1]. The ra di a tion
and photo-in duced pro cesses were de scribed by sim i -
lar the o ret i cal meth ods [2, 3].

Ra di a tion de fects and ef fects have to be in cluded 
as the area of spe cial at ten tion. From the point of view
of re cord ing and in for ma tion pro cess ing, a num ber of
ap pli ca tions uses light, other forms of ra di a tion, and
par ti cles (nu clear and elec tro mag netic). Re fer ring to
pho tons in UV-VIS-IR ranges, the role of quan tum
gen er a tors is in creas ing. Pro cesses are com ple men -
tary, so new tech niques are be ing de vel oped in the area 
of solid-state and nu clear phys ics, and optoelectronics
(elec tron beams, ion im plan ta tion, la ser an neal ing).
This at ti tude could broaden ELION tech niques, where 
plasma could also be in cluded. In tech no log i cal pro -
cesses and in for ma tion re cord ing, the phase tran si -
tions from amor phous to crys tal state and vice versa
are achieved by us ing ra di a tion, fig. 1 [3].

The ma te rial amorphization is gen er ally im por -
tant, with spe cial role in semi con duc tor tech nol ogy
and opto- and mi cro-elec tron ics. A lot of im ple mented
work re sults are in the need for fur ther fun da men tal re -
search in ar eas such as phase trans for ma tions by la ser
beams, where a great in sta bil ity of crys tal-amor phous
state tran si tions has been noted. Some in di ca tions of
lo cal amorphization have been ob served in the study
of pulse la ser in ter ac tions with fer rites. The in duced
phase tran si tions pos sess a photo-ther mal char ac ter
and break ing of mo lec u lar bonds. De spite many is sues 

in ex per i men tal and the o ret i cal stud ies, un an swered
ques tions still ex ist and de serve fur ther work.
Photo-ther mal re cords are the most stud ied in the ref -
er ences con cern ing halo gen ma te ri als and semi con -
duc tor la sers. It can be linked to nu clear pro cesses,
trace de tec tors and re spec tive mech a nisms. A se lec -
tive la ser ex ci ta tion of ten leads to the cen ter tran si tion
to metastable or ion ized states. These pro cesses can
ex ceed the dif frac tion limit of op ti cal re cords.

All this be long to the cou plings be tween nu clear
and op ti cal ra di a tion im ple mented in or der to change
ma te rial per for mances for the o ret i cal and ap pli ca tion
pur poses [4-6]. There fore, terms like dam age of com -
po nent, mem ory, op ti cal re cord, trim ming pro cess, de -
tec tor sen si tiv ity, and emis sion ef fi ciency for lasing
pro cesses could be treated as spe cific case that is of
com mon in ter est [7-10]. Here, we have an a lyzed the
cho sen group of prob lems:
– dif frac tion ef fi ciency,
– con trast by re cord ing pro cesses,
– la ser in ter ac tion with scintillator ma te rial – the el -

e ments for es tab lish ing the re la tion ship be tween
the la ser en ergy and the amount of ejected ma te -
rial,

– la ser trim ming, and
– in ter ac tion with me tal lic ma te rial (which are of ten 

used as sub strates in var i ous ap pli ca tions).
Some of the men tioned prob lems were per -

formed through our (or from ref er ences) ex per i men tal
work and we cre ated ana lyt ics. We have also shown
some dam ages made by la ser beams.

The well-known mod el ing through ther mal
mod els can not be per formed to all pos si ble pro cesses
pro voked by la ser ma te rial in ter ac tion, and many em -
pir i cal mod els of lim ited val ues still ex ist. They and
the pre sen ta tion of ex per i men tal data through rec og -
nized math e mat i cal func tions could be of in ter est, for
prog no sis of the ef fects of photo in duced pro cesses.
Note that by treat ing of op ti cal con stants, many ef forts
are united to cover all elec tro mag netic spec trum. It is
well known that a low reflectance for g  ra di a tion, does
not make the pos si bil ity of g-raser in the re gime which
is not pro gres sive.

M. @. Sre}kovi}, et al.: Photoinduced Pro cesses, Ra di a tion In ter ac tion with ...
24 Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2015, Vol. 30, No. 1, pp. 23-34

Fig ure 1. Phase crys tal – amor phous transition



 Be long ing to dif fer ent ar eas of re search, the au -
thors tried to con sider the ar eas of both la ser and nu clear 
tech niques from dif fer ent sides. The link be tween the
re search of in ter ac tion in vis i ble and gamma (in clud ing
par ti cles) ranges is the ma te rial – for re cord ing in ho log -
ra phy and for scin til la tors (de tec tors in nu clear phys ics,
but same type of ma te ri als could be ac tive ma te ri als).
On the other hand, the ma te ri als fre quently used in op -
tics serve in nu clear de tec tors for high en er gies. In this
work, the pur pose was to con tinue ac tiv i ties of some au -
thors and fur ther to pro cess ex per i men tal data on
ejected mass dur ing the in ter ac tion, and to com pare the
dam ages made by la ser beams of sim i lar en er gies in dif -
fer ent types of ma te ri als.

MA TE RI ALS AND METH ODS 

Some anal y sis, cal cu la tions and
de pend en cies based on ref er ences

For cho sen ex per i men tal re sults, we made a the -
o ret i cal study of the ob tained re sults from our ex per i -
ments and other au thors. We searched for char ac ter is -
tic an a lyt i cal func tions by us ing the ap pro pri ate
nu mer i cal ap proaches. There fore the in ter po la tions in
more gen eral sense could be ob tained and for some
cases we made it.

Some re la tions for op ti cal re cord ing
and an a lytic treat ment

The op ti cal re cord ing, as large area of in ves ti ga -
tion, deals with many ma te ri als. The ho lo graphic re -
cords due to dif fer ent la ser beams (for re cord ing and
re con struc tion) de serve fur ther anal y ses and tasks for
solv ing. The re cord ing is per formed by con tin u ous
wave (CW) as well as by shorter la ser pulses (ps,
ultrafast ho log ra phy). What will be with atto and zepto 
pho tons in vis i ble, X (or g) ranges and re cord ing, rests
in the fu ture.

We have an a lyzed the pa ram e ters of photoinduced
re ac tions in or ganic com pounds for ho lo graphic re cord -
ings i. e., the cho sen ma te rial was alphabiketone and
camphorquinone. The pa ram e ters of re cord ing in solid
so lu tion of camphorquinone and polyacrilate ob tained
by Ar+:ion la ser (514.5 nm and 488 nm) were stud ied ex -
per i men tally [11]. The changes in re frac tion in dex n
pres ent the ba sic re sults, which are an a lyzed and mea -
sured by in ter fer ence and ho lo graphic meth ods. The dif -
frac tion ef fi ciency of re cord ing de pend ing on the per -
formed meth ods is ex pressed through var i ous fi nal
an a lytic for mu las (tab.1). The changes of n were ob -
tained by the sat u ra tion pro cesses at la ser beam ex po si -
tion 800-1000 J/cm2. The change Dnmax de pends on
camphorquinone con cen tra tion and in creases with tem -
per a ture of photo-in duced re ac tion. It was ob tained
Dnmax = 5·10–4 for 328 K. The in creas ing Dn is used for
light sen si tiv ity im prove ment of re cord ing ma te rial (the
de vel op ment of re cords, the in crease of Dn and h), tab.1
[1].

The ho lo grams with phase trans mis sion and re -
flec tion in 2-D and 3-D were also an a lyzed ver sus the
dif frac tion ef fi ciency. The Bessel, mod i fied Bessel
and Hänkel func tions of the first and sec ond kind,
spher i cal Bessel and Hankel func tions, as well as
Riccati-Bessel func tions have to be im ple mented in
an a lyt i cal stud ies.

They were per formed in or der to ob tain the de -
pend ence of dif frac tion ef fi ciency by var i ous la ser ex -
po si tions. Us ing them, we de picted the dependences
for solid so lu tions of camphorquinone vs. ex po si tion
and sen si tiv ity by in creas ing re cord ing tem per a ture (it
can in crease more than 1000 times). The an a lyt i cal ex -
pres sion could be of in ter est to ob tain a gen er al ized
func tion for pro cesses. On the bases of them, the shape 
of gen er al ized be hav ior vs. ex po si tions (pa ram e ters
like pulse en ergy, so lu tion con cen tra tions, cw power
den sity, re plac ing of la ser wave length), the spread ing
and shifts can be fore seen for new pa ram e ters.
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Ta ble 1. Dif frac tion ef fi ciency h on si nu soi dal ho lo grams
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Des ig na tion: h – dif frac tion ef fi ciency, b – am pli tude trans par ency, the trans mit ted/in ci dent am pli tudes, m – co ef fi cient of the mod u la tion,
 kA – mod u la tion of ab sorp tion, k0 – mean co ef fi cient of ab sorp tion af ter ex po si tion, d – thick ness of photorecording ma te rial,  q – in ci dent an gle



The scin til la tors of in or ganic com pounds VIII-I
groups are ex posed to Nd3+: YAG as well as to CO2, la -
sers   with   the   pulse  en er gies:  100 mJ, 350 mJ, and
700 mJ for the first and 50 W for the sec ond one. The
scin til la tors were used for many years in de tec tions of
60Co, 13Cs,  192Ir,  54Mn,  and 32P,  where g rays  were
from 0.661 MeV to 1.33 MeV. The cu mu la tive na ture of 
the pro cesses is still of in ter est in var i ous power ranges.
For this pur pose, we re peated 10-45 pulses start ing with 
sin gle ex po si tions. The dam ages are an a lyzed by ver ti -
cal pro fil ing, light and SEM mi cro scopes  [12]. We used 
pulsed Nd3+:YAG la ser (1 J-10 J), with 2-7 ms pulses
and in Q-switch re gime with 8 ns pulses. 

RE SULTS AND DIS CUS SION 

Mod el ing of ex per i men tal curves

The re sults of our mod el ing of ex per i men tal
curves from ref er ences are pre sented in figs. 2(a-d) for

var i ous con cen tra tions and in figs. 3(a-c) af ter ther mal
de vel op ing. The fit ting was made af ter us ing pro gram
Dig i tizer to ob tain start ing points from ex per i men tal
data. All fit ted curves are fol lowed by the cri te ria of
the least squares meth ods and ap pro pri ate fit ting is
pre sented.

Mod el ing of pro cesses for ma te ri als
for ir re vers ible re cords and
an a lyt i cal anal y ses

The other cho sen anal y ses con cern ing op ti cal re -
cord ing by la ser pro cesses could be per formed for:
ma te rial choice, pro tec tive thin coat ings, trans par ent
lay ers, fast evap o ra tion lay ers, inter lay ers for hard -
ness im prove ment of multilayer sys tems, lay ers with
bar ri ers, pro cesses for dis crete re cord ing in Te-based
ma te ri als and al loys on var i ous thin films, F-cen ters,
poly mers for dis crete re cords, thermo-op ti cal re cord
in gel a tine with dis persed metal and re cords with bub -

M. @. Sre}kovi}, et al.: Photoinduced Pro cesses, Ra di a tion In ter ac tion with ...
26 Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2015, Vol. 30, No. 1, pp. 23-34

Fig ure 2. The fit ted dif frac tion ef fi ciency for solid so lu tion of camphorquinone in polyacrilate for var i ous con cen tra tions



bles, etc. We will an a lyze the role of pro tect ing lay ers 
[1]. The se lected ref er ences have pre sented a great
num ber of pa ram e ters, as well as broad vi sion of re -

cord ing pro cesses and in our opin ion, they could be a
start ing point for fur ther anal y sis. The photo-in duced
pro cesses are im por tant for ho lo graphic re cords, too,
as it is the case of solid or ganic so lu tions in ben zo ate
saharose (C6H5CO)2O. Some facts are that the re cords
could be de leted af ter 3 days-3 weeks, and the dif frac -
tion ef fi ciency could be low ered down to 35%; the
other re cords are long-stored, they are sta ble in nor mal 
(room) tem per a tures.

For de creas ing re flec tions losses, the in ter fer ence
pro cesses are used for com pen sa tions. The multilayer
sys tems have: sub strate (glass, polymethilmetacrilate –
PMMA), photo-sen si tive-, trans par ent-, re flec tive-,
fast evap o rated-, com ple men tary for in creas ing hard -
ness and dif fu sion (bar ri ers) and, pro tec tive lay ers. Op -
ti mum data for 632.8 nm are n = 1.5 and d = l/4n = 10
nm. Start ing from the ref er ence [1] , for con trast co ef fi -
cient vs. la ser ir ra di a tions we made an a lyt i cal study.
The se lected data were taken by ad e quate dig i tizer and
fit ted by ap pro pri ate nu mer i cal pro ce dures. The fit ted
curves are pre sented in figs. 4(a-d), as well as the math -
e mat i cal func tions.

The dependences of op ti cal thin
films thick ness and per for mances
de pend ing on grain size

Con sid er ing the ex per i men tal re sults [4, 5] we
mod eled the dependences, the func tion shape and
max i mum`s shifts. Var i ous phys i cal con stants for ma -
te rial de pend on the thick ness of the sam ple and es pe -
cially the con stants are dif fer ent for bulk and thin
films. We fit ted the ex per i men tal data for thin films vs.
grain sizes and re sults are pre sented in figs. 5(a-e).

Scintillator ma te ri als in the field
of nu clear de tec tion and lasing ma te ri als

The scin til la tors have had for a long time var i ous 
roles in the field of nu clear de tec tions in large power
ranges for sin gle par ti cles or high fluxes. Their ap pli -
ca tion in de tec tors with photo-pro cesses is de fined by
tech ni cal de mands of de vices. The sen si tiv ity is de -
pend ent on max i mal an ode cur rent and volt age of
photomultiplier as well as on a sen si tiv ity thresh old
(which de pends on dark cur rent), sec ond ary emis sion
from dynodes, etc. They have a spe cial role in low in -
ten sity flu o res cence mea sure ment. Some ex per i ments
with ir ra di a tion of scintillator ma te ri als, nu clear de tec -
tors and so lar cells were per formed where ex po si tion
to la ser beam im proves scin til la tion ef fi ciency. The
best known old scin til la tors were made of in or ganic
ma te rial (I-VII com pounds ac ti vated with heavy ions). 
The ac ti va tions with some light el e ments were made,
too. They af fected the rise-time of the sig nals and it
was of in ter est for pulse shape dis crim i na tion tech -
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Fig ure 3. The de pend ence of ex per i men tal dif frac tion
ef fi ciency for solid so lu tions of camphorquinone in
polyacrilate af ter ther mal de vel op ing for: (a) T = 340 K
by ex po si tion  in ten sity of  la ser  beam 0.002 W/cm2,
(b) T = 313 K by 0.27 W/cm2, (c) T = 296 K by 0.27 W/cm2



nique – PSD [13].  The role of PSD de vel oped for the
dis crim i na tion of nu clear ra di a tion and par ti cles could
be ex panded for op ti cal phe nom ena, and es pe cially
when strong la sers in ter act with the ma te rial (in duced
gamma, neu tron, pro ton beams).

The other scin til la tors on the front side of
photocathode (pasted us ing a ma te rial with matched
re frac tion in dex) are or ganic ma te ri als, poly mers, etc.
Some of them could be of in ter est as lasing ma te ri als,
too. The ap pli ca tion of fi ber in de tec tion of nu clear
pro cesses is also very suc cess ful  [6, 14-17]. Those ap -
pli ca tions in med i cine and power en gi neer ing are
widely per formed. From the eco log i cal point of view,
new de tec tors with im proved sen si tiv ity and ef fi -
ciency are re quired.

The PMMA ma te ri als, as well known ma te ri als
with ad di tives, have to day a new field of ap pli ca tion.
They in ten sively flu o resce when ex posed to elec trons

or g -ray beams. Dif fer ent ma te ri als as PMMA dop ants 
are of in ter est for waveguides (the fi bers which, be -
sides ba sic func tions in sig nal trans mis sion, have ap -
pli ca tions in op ti cal pow er ing of sen sor, in op ti cal
com put ing, etc.) [18]. Be sides the all op ti cal com puter
con cept there are cou plings be tween the la sers and nu -
clear ir ra di a tions and com po nents ef fi ciency im prove -
ment [7-10]. Work ing en vi ron ments are a mat ter of in -
ves ti ga tion in many sci ences. Neu trons, a, b, g, and
elec tron ir ra di a tions of lasing and other ma te ri als are
chang ing op ti cal or me chan i cal char ac ter is tics [19,
20]. It holds for many de vices and com po nents linked
to the en ergy con ver sion for la sers, so lar cells, la ser
mo tors, and de tec tors in Earth and Space in ves ti ga -
tions  [15, 21]. In Space in ves ti ga tions many ra di a -
tions mix and their in flu ence de serve at ten tion. The
hard ness in gen eral term and pos si ble flu o res cent pro -
cesses are im por tant for lidar (light or la ser de tec tion
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Fig ure 4. Co ef fi cients of con trast vs. la ser ra di a tion for Te films, 30 nm thick ness on the sub strate of PMMA by var i ous
thick nesses of pro tec tive coat ings based on SiO2; (a) 1 nm-500 nm, (b) 2 nm-100 nm, (c) 3 nm-30 nm, and (d) 4-with out
coat ing, fit ted curves, and ex per i men tal data from [1]



and rang ing) meth ods: more gen er ally as the elion
hard ness. La ser beams pro voke many pro cesses but,
the dam ages and the thresh old rep re sent use ful data.
Some dam ages an a lyzed here could be of in ter est in
the area of scin til la tors which were in work ing con di -
tions of nu clear de tec tions, mod ern de tec tion ma te rial
and la ser pro cess ing of scin til la tors and nu clear fu els.

Based on the data of crater pro fil ing [12] us ing
ap pro pri ate soft ware pack ages, crater shapes in fig. 6,
are ob tained. The fit tings are per formed by us ing Dig i -
tizer (soft ware). Some of the char ac ter is tic crater
shapes could be fit ted by ap pro pri ate math e mat i cal
func tions as we have done. It is of in ter est for fur ther
com par i sons and cor re la tions. The an a lyt i cal forms
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give the pos si bil ity to ob tain the vol ume of the ejected
ma te rial, tab. 2, vs. in ci dent en ergy. It could be the ba -
sis for re la tions be tween the dE/dx or the dE/dm.

The scintillator Ne 102 was bro ken dur ing the
ex po si tion to cw CO2 la ser beams (50 W). The
polycarbonates (plas tics) which can be the sub sti tu -
tions for op ti cal com po nent were ex posed to the la ser,
too. Pow der ma te ri als (placed on top of disk-like sam -
ples) ex posed to ruby la ser in the range of 1-4 J are im -
printed in. This can be of in ter est for one of coat ing
meth ods. The re sults could be com pared to lasing ma -
te ri als and gen er ally op ti cal trans par ent ma te ri als.

La ser in duced di elec tric break down thresh old-
LIDT ex per i ments and cal cu la tions are of ten
dispersive. We stud ied la ser dam ages of var i ous ma te -
ri als and la sers CO2, Nd3+:YAG, ruby, alexandrite, etc.
PMMA el e ments (plates), and other plas tic ma te ri als,
cut by CO2 la sers, have smooth sur face.

The model of dis in te gra tion of
ma te rial and la ser pro cess ing

Con tem po rary mod els of dis in te gra tion of ma te -
rial in the area of la ser in ter ac tions in var i ous work ing
re gimes are con sid ered. The tech nol ogy re quires mul -
ti pur pose us age of la ser beams. It is nec es sary to
model pro voked pro cesses, to op ti mize: the beam pa -
ram e ters, op ti cal sys tems and ma te rial it self. All mod -
els, be sides an a lyt i cal, in clude the em pir i cal ap proach, 
too, in volv ing both sta tis ti cal and nu mer i cal ap -
proaches [22-26].

Ther mal dis in te gra tion the ory de scribes the in -
ter ac tion by con duc tion and evap o ra tion pro cesses
and de fined con di tions of sim pli fi ca tion of the prob -
lems. The ques tions of the tran si tion time, the re la tion -
ships of prop a ga tion front with sound ve loc ity, the
choice of co-or di nate sys tem are cou pled to acous ti cal
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Ta ble 2. Nd3+:YAG la ser dam ages, crater di am e ters, depths and eval u ated vol ume Ve of ejected ba sic ma te rial
for some sam ple dam ages

Pulse en ergy [mJ] Pulse num ber To tal en ergy [mJ] Crater di am e ter [mm] Crater depth [mm] Eval u ated Ve [mm3]

1 100 1-15 100/1500 0.5, 0.65 9, 10 1.23×10–3

2 100 45 4500 0.9 34 10.8×10–3

3 350 1 + 9 = 10 3500 1.5 (non Gaussi an) 12

4 700 10 7000 2.25, 2.25 12, 13

Fig ure 6. Crat ers pro voked by la ser beams of en er gies from tab. 2. Fig ure (a) and ( b)  cor re spond to the same dam age but
in two cho sen per pen dic u lar cross-sec tions, as well as (c) and (d). z axis rep re sents depth of crat ers (h). (a) and (b)
are pro voked by 15 ´ 100 mJ and (c) and (d) by 45 ´ 100 mJ



prop er ties of ma te rial and crys tal lat tice. The tran scen -
den tal equa tions are fre quent so lu tions. The la ser in -
ter ac tion could serve as a test of ma te rial load ing or
hard ness [27]. The op ti mum in ter ac tions are also of in -
ter est for spe cific la ser types. The in ter ac tion of the la -
ser beam (work ing re gime, power den sity) and the ma -
te ri als de pends on the sur face state but not for high
in ten sity. If the phase trans for ma tions are ob tained or,
if the non-lin ear pro cesses start, more com plex sys -
tems must be used (in trim ming, weld ing, cut ting,
etc.). A par tic u lar sig nif i cance lies in se cu rity as pects
which could give an ad van tage to a spe cific la ser tech -
nique em pha siz ing the need to study the ex ist ing
doses. The fi nal for mu las are not so valu able, their der -
i va tions and ap prox i ma tions are not dis cussed. They
could serve as the first ap prox i ma tion if the his tory of
the ma te rial is not well known and the lim its of for mu -
las ap pli ca bil ity are not es ti mated.

Trim ming as pects

The o ret i cal and com mer cial as pects of la ser in ter -
ac tions with solid ma te ri als are al ways a topic, es pe -
cially in mi cro elec tron ics in dus try. We also in ves ti gated 
the de tails of anal y ses of ob tained dam ages, i. e., the
trim ming pro cesses. Be sides the in te grated cir cuits,
there are still mac ro scopic com po nents in in dus try,
elec tron ics, mi cro elec tron ics and mass me dia ap pli ca -
tions (re sis tance, ca pac i tor, and in duc tive com po nents). 
La ser ap pli ca tions in trim ming pro cesses have evolved
through years in clud ing com mer cial de vices for larger
or more spe cific pur poses (trim ming of mi cro-mo tors -
ro tors, as well as printed cir cuits, etc.). La ser beams are
used to eject the de sired quan tity of ma te rial. The char -
ac ter is tic forms are cir cu lar holes, or lines, de pend ing
on the de sired re sis tance or break ing the con nec tions
formed through tech no log i cal pro cesses [28-30].

Some char ac ter is tics of la ser dam ages are pre -
sented in fig. 7. The lengths of per formed dam ages in
the re sis tance ma te rial were 0.5 mm-1 mm. The thick -
ness of the ejected ma te rial on the crater (0.5 mm di -
am e ter) edges was 0.004 mm. The tol er ance af ter trim -
ming pro cesses was 10%; for 1% tol er ance, so a better
con trol has to be done. The re sis tance val ues of metal-
-strip re sis tors be fore and af ter la ser beam ex po si tion
(9 J) var ied from 0.53% to 1.8%. For dam ages ob -
tained by the Nd3+ :YAG la ser ir ra di a tion, crater di am -
e ters and depths are graph i cally pre sented in fig. 7.

Thick film re sis tors

Trim ming was per formed in straight lines – I and 
L cuts. The length var ied 0.5 mm-1 mm. The thick ness
of re jected ma te rial is in the zone 0.004 mm on both
sides (the width of the kerf ~0.002 mm-0.004 mm.
Note that the scan ning and power pa ram e ters have to

be op ti mized. The ap pear ance of the bound ary HAZ
(heat af fected zone) is sim i lar to the ma te rial which
was soft ened to melt ing. The HAZ di rectly af fects the
tol er ance range and the tem per a ture re sis tance co ef fi -
cient.  It  is ad vis able to have a spot size of 5 mm so that
the tol er ance of higher trim ming har mon ics is 10%. As 
it is men tioned be fore, for the tol er ances of 1%, re sis -
tance must be mon i tored. The typ i cal prob lem is
post-trim drift, and it should also be taken into ac -
count. By choos ing the ap pro pri ate model for pre dict -
ing of the pro cesses, ther mal im ag ing re cord ing de -
vices should be very use ful as well as acousto-op tic
re cord ing by ir ra di a tions. Trim ming ef fects should be
guided by in tro duc ing ad e quate mod els for crater
depth con trol.

This ap proach we have per formed for other ma -
te ri als and la ser types. These tech niques were used in
var i ous ap pli ca tions con cern ing med i cal ther apy with
nu clear ra di a tion, di ag no sis, but also in elec tri cal cir -
cuits for hot points re cov er ing. In many en ergy and en -
vi ron men tal prob lems met als, PMMA, la sers, elion
tech niques, fi bers, scin til la tors, could be use ful [31].
The cal cu la tions have been made for the width and the
depth of the crater for a range of en er gies and pow ers.
The ex per i ment shows a good agree ment with the cal -
cu la tions for the di am e ter but not for the depth. The
sur face re sem bles to the mer cury drops. It seems that
the ma te rial is evap o rated (sub li mated).

La ser in ter ac tion with steel based
sam ples and thin films

The mi cro-al loyed low car bon sam ples and
other steel sam ples are ex posed to var i ous la ser beam
en ergy den si ties in vis i ble and IR spec tral por tion in ns
and ms re gimes. They were var i ous ther mally pro -
cessed and cold plas tic de formed. The dam ages were
an a lyzed by light mi cro scope, SEM, IR spec tros copy,
and me chan i cal test ing. The dam age di am e ter vs. the
in ci dent beam en ergy has been an a lyzed and the ap -
pro pri ate ap prox i ma tions with var i ous poly no mi als
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Fig ure 7. Characteristical de tails of trim ming pro cess
(shape of dam ages); (a) re sis tors and (b) dam age on high
pu rity Al (the shape of con cen tric cir cle) front side
(up per) and rear side (down); pulse en ergy 9 J



(in ter po la tion with sec ond and third or der) were per -
formed. The main use of these ma te ri als is in elec tron -
ics and me chan ics and de mands de fin ing the
thermo-me chan i cal pro cesses as well as the tech nol -
ogy of join ing and sep a rat ing, in or der to max i mize the 
pres er va tion of ma te rial's mag netic char ac ter is tics
(trans form ers) [30]. The in ter ac tion is con nected to
mul ti ple prob lems (sur face trans for ma tion, weld ing,
in den ta tion) through ap pro pri ate mod els. La ser and
elion tech niques have been ap plied to a va ri ety of com -
plex al loys, non-fer rous met als and mi cro-al loyed
steels. In or der to de ter mine the ef fec tive ness of la ser
us age in the metal treat ment and dam ages at the mi cro -
scopic level, the sam ples based on the steel were tested 
with sev eral la sers. Be tween them were the Nd3+:
YAG, Q switch, with pulse en ergy 35 mJ (15 ns) in
multi pulse re gime and the Nd3+:YAG, top hat, l
=1064 nm, 2 pulses of du ra tion 2 ms, Etot ~1 J to 10 J,
beam di am e ter  2 mm , also [30]. The plasma screen ing 
is spot ted for all la ser beam en er gies higher than 4 J.

The pro voked la ser dam ages were di vided into
three groups. The cy lin dri cal sur face of the sam ple in -
flu enced the dam age shape. De pend ing on the sam ple
shapes (cy lin dric or flat) sharp edges, or only par tially
dam aged sur face had been found, fig. 8. The color of
sam ples was changed from gray to dark gray. Clear
grey con tours were ex pressed while the cen tral part of
the dam ages was dark grey (al most black). The third
group of weak est dam ages had the most ir reg u lar
shape. The mod u lar struc ture can be seen through the
dam ages.  In the dam ages with out the sharp edges only 
par tially dis persed drop lets of melted and so lid i fied
ma te ri als of cir cu lar shape have been no ticed. The IR
spec tra (fig. 9) could be use ful for eval u a tion of re flec -
tion losses for ba sic ma te rial. 

CON CLU SIONS

The la ser pro cess ing (work ing con di tions) in
scintillator de pends on the ba sic ma te rial type (or -
ganic, in or ganic), and it is, in gen eral, in cor re la tion
with the known data from com mer cial ap pli ca tions.
The la ser power, sta bil ity of po lar iza tions, fre quency,
gas (in ert, pro tec tive, aux il iary), jet type, lens fo cus ing 
di am e ter and po si tion, have to be mon i tored in or der to 
ob tain the smooth sur faces and reg u lar dam ages.
Com par ing la ser tech nique with other elion tech -
niques show that pre vi ous does not re quire vac uum.

In the whole stud ding of la ser pro cess ing meth -
ods; par tic u larly in trim ming meth ods, the con clu sion
is that the ex per i ments and ef forts should be con tin ued
to match the the o ret i cal mod els and is sues. La ser treat -
ments of ma te rial coat ings should be stud ied a bit dif -
fer ently. Coat ing treat ment mod els on the other hand
should broaden their per spec tive fo cus ing on the
width of the spot dam ages. If sam ples are used in ar eas
were en ergy ef fi ciency is of vi tal im por tance, a pre cise 

re mov ing of coat ing could in di elec tric ar eas lead to
dif fer ent elec tric field pro files (cre at ing spe cific lo cal
fields).

The sam ples of mi cro-al loyed steel treated by la -
ser beams of dif fer ent wave lengths and power have
shown var i ous ef fects on dif fer ent sam ples and the re -
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Fig ure 8. Microalloyed steel sam ple in the cy lin dric form
with dam ages (a-d)

Fig ure 9. IR spec tra of ba sic steel material



la tion ship is stud ied of ob tained dam age sizes ver sus
en ergy. The plasma screen ing ap peared by ex po si tions 
of met als.

The dam aged places and the pulse en ergy show
that the sat u ra tion pro cesses were pres ent. The ma te ri -
als cho sen for the photo-re cord ings served for es tab -
lish ing a the o ret i cal-prac ti cal li ai sons with the aim to
re veal the math e mat i cal ex pres sions of the pa ram e ters
change used for re cord ings (la ser power, pulse en ergy,
etc.). Since we have started from math e mat i cally sim i -
lar curves the work done might con trib ute to re veal ing
the curve fam i lies cor re spond ing to pa ram e ters
change ad e quate for re cord ings on a given sam ple.

Some con clu sions which fol low from the fit ting
pro cesses and cho sen math e mat i cal func tions are:

· Math e mat i cal model pre sented in this pa per proves
the in crease of dif frac tion ef fi ciency with the in -
crease of con cen tra tion of camphorquinone in
polyacrilate, which had been shown ex per i men -
tally. Through an a lyt i cal for mu la tion, we have
found that there are in di ca tions that the value of ex -
po si tion at in flec tion point as a func tion of con cen -
tra tion in so lu tion is close to a par a bolic func tion.

· The ex per i men tal data was fit ted with dif fer ent
math e mat i cal func tions for men tioned solid so lu -
tions af ter ther mal de vel op ing. The height of the
pla teau rises with the in crease of tem per a ture as
well as with the ex po si tion den sity.

· When the thick ness of pro tec tion layer is greater
than cer tain value, the dependences of the con trast
co ef fi cient vs. ra di a tion power are ex plained by the
same shape of math e mat i cal func tions, whereas for
the thick nesses lower than that value, the men -
tioned de pend ence is ex plained by an other shape of 
math e mat i cal func tion.

· Con sid er ing the grain sizes and op ti cal film thick -
nesses, the same func tion is ap plied for fit ting.  For
small and big grain sizes the func tions tend to con -
stant val ues.
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FOTOJONIZACIONI  PROCESI,  INTERAKCIJA  ZRA^EWA  SA
MATERIJALOM  I  O[TE]EWA  –  OTPORNOST  MATERIJALA

Procesi indukovani opti~kim i nuklearnim zra~ewem razmatrani su kroz interakcije
zra~ewa sa poluprovodni~kim, metalnim i drugim materijalima ukqu~uju}i i materijale
scintilatora. Analizirani su procesi povi{ewa efikasnosti komponenata kori{}ewem
kvantnih generatora, procesi trimovawa i hibridnih procesa sa nuklearnim zra~ewem.
Prou~avani procesi mogu biti pozitivni ili negativni, zavisno od primene. Pored
eksperimentalnog prilaza procesima i izabranim interakcijama, obavqen je analiti~ki opis
na{ih eksperimenata kao i eksperimentalnih radova drugih autora. Razmotrena su savremena
sprezawa izme|u nuklearne fizike, laserske tehnike i odgovaraju}ih dozimetrija.

Kqu~ne re~i: nuklearna tehnologija, la ser, zapis, o{te}ewe, otpornost


