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ABSTRACT

Froblems ot special high education in laser applications are discussed.
Education in the field of laser techniques, applied optics, 1interaction of
laser radiation with matter 1s imperative and 1n demand for many application
areas.

At laser technology chair (St.PIFMO), besides laser technology, the
basic education in three subject areas of laser applicaticons 1s given:
lasers 1n enviranment studies, laser medicine and laser safety,.

The education 1n laser technology 1s considered 1in more detail. The
information about optical systems for technological lasers, laser techniques
and physics, and laser beam 1nteraction with solids are given in theoretical
courses, 1n laboratories of lasers in microelectronics and lasers i1n optics
technology and 1n the practical classes.

This education offers an opportunity for professional activity 1in R&D
and production 1n many fields of laser applications.

1. INTRODUCTION

Now it 15 well established that the focus ot attention has moved +from
the laser physics to the laser applications. It 1s due to the fact 1s that
the laser application market is expanding with the rate of approximately 25%
per year tfor the last 8 - 10 years, and most of forecasts give the same rate
to the end of the century.

[t puts a task before high school to teach students 1n this field. This
task 1s not so easy, as it could be seen from outside. Frimarily the problem
1s in optimal combination of the knowledge i1n laser fields with the and
knowledge 1n the +field of applicat:ion, such as technology (welding,
hardening, microelectronics), medicine, environment studies, etc.

It 15 possible to solve this problem in two ways (figl). The first one
1s to build a big tower of the little bricks from every subject area.

The second one i1s to give a good basic knowledge. ln any case the time
of educaticn 1s the same.

But +ollowing the first way one can recelve only one kind of education
fruits because it 1s very hard to change the specialty. The secand way 1s
to give on opportunities to be more flexible, and permit one to hope for the
difterent kinds of results depending on the requirements of lite.
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Here we present the experience of laser technology chair of St. PIFMO.
This chair was founded in 1987 on the basis of the oproblem laboratory,
warking from 1945. 0f course, in our institute we can teach only engineers
and physicists in optics.

And here 15 the second problem: optimal combination of basic and
special subjects.

Naturally, higher university education i1n laser applications 1nclude
the general and the special oparts. General part contains a number of
physical and engineering courses.

Education in laser applications involves the knowledges i1n mathematical
physics, physical optics; laser techniques and applied optics which 1s given
within general courses (see table.l).

2. GENERAL STRUCTURE OF SPECIAL HIGH EDUCATION IN LASER
APPLICATIONS AT LASER TECHNOLOGY (LT) CHAIR OF LIFMO.

At laser technology chair (St.FIFMO), in addition to laser technology
the basic education in three other subjects of laser applications i1s given:
laser medicine, laser environment studies and laser safety.

Four basic and three optional courses are given every year (Table 1).

Certainly each subject, 1. e. technology, medicine, environment, satety
1 supported by all basic courses, They have wmany common  1Ssues 10
interaction ot radiation with matter, 1n optics, laser equipment and
processes control.

Students have laboratory training in every subject. Some of them are
located i1n the premises of production +facilities (technology) 1institutes
{enviranment!) and clinics (medicine).

Thearetical seminars are held under 1tems 1, 2, 3. There by students
acquire practical skills 1n quantitative estimates ot laser-matter
interaction models and selection of machining processes.

We consider the laser technology education 1n more detail.
3. LASER TECHNOLOGY HIGHER EDUCATION
This subject 1s the core one at the LT Chair of GSt.PIFMD and 1t 1s
supparted by research laboratory.

The structure of basic courses for laser technology -education 15
presented below.
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Table.1l
STRUCTURE OF SPECIAL COURSES AT LASER TECHNOLOGY CHAIR

Basi1c courses

B.1 lnteraction ot laser radiation with matter
108 hours

|

B.2 {Optic of laser beems and laser equipment
52 hours

|

B.3 Phvsical engeneering +undamentals ot laser technoloay
108 hours

T
1

B.4 Laser eauipment, automation and technological

processes contraol c
i 22 hours

Elective courses

E.S Laser technoloagy in medicine
52 hours

l

E.6 Laser environment studies

24 hours

E.7 Laser satetyv
17 hours

Z.1 B.1 INTERACTION OF LASER RADIATION WITH MATTER

The i1nteraction of laser radiation with various substances 15 the basic

course for broad education 1n each laser application. 1t contains the
problems of laser interaction with absorbing solids (for technoloay), with
hiological tissues (for biromedicine), with light - scattering media - air
and water t(for environment), Table 2 illustrate the structure of this
course.
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Part 1. 15 devoted to detailed consideration of the thermal model of
laser action on metals and absorbing semiconductors. Basic knowledae 1s
presented on the optical properties of these media and optical processes
resulting i1n light absorption and heat production. Thermal - physical
aspects of laser heating are thoroughly outlined. Much attention 15 paved to
acquaintance wWith basic physical and chemical processes accompanying
heating: emission, diffusion chemical and thermomechanical processes phase
transitions. Laser - 1nduced modifications 1n optical materials properties
are examined as well as the compley nonlinear modes of laser heating due to
those modifications in case af reciprocal relations bhetween optical and
thermal processes substantially atfecting the kinetics at temperature
variatian. The problems of basic thermal mechanisms ot laser damage of bhulk
materials and thin fi1lms, and the domains of their realization are outlined.
Special attention 1s brought to laser action on a surtace and the specific
processes occurring in this case: generation of surface electromagnretac
axcitations and peripdic structures forming.

Part Z. covers certain problems of laser interaction with weakly
absaorbing materials., Basic concepts are presented of 1light absorption
mechanisms and optical breakdown of transparent media (homogenepus and
containing optical inhomogeneities). Specitic +teatures ot high - power
radiation effects on biological objects are discussed. In view of rapid
development of ultrashort laser pulses techniques and studies of substances
hehavior in ultra strong light fields, a number of nonequlibrium laser -
induced processes 1n condensed matter are considered.

3.2. B.2 OPTICS OF LASER BEAMS AND LASER EQUIPMENT
The content ot this course 15 illustrated by table 3.

Part one 1s devoted tc methods of calculation of basic optical schemes
tor laser beams. The following topics are given: calculations +tor single
mode and multimode lasers, the comparison of several calculation methods
from the coherence of radiation point of view, the calculation and design of
some special optical systems; scanning, fiber optics etc. All this part 1is
devoted to the optical systems for high power laser &beams. In the second
part the additional optical systems for laser equipment are considered. In
this part the methods of calculation and design for non - laser sources, non
- toherent beams are given, But it is very important for creation of laser
equipment for technology, medicine, etc.
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Table.2
Basic sections of the course
“LASER - MATTER INTERACTION IN “LASER TECHNOLOGY"
SPECIALITY

PART 1. LASER ACTION ON ABSORBING MEDIA

I

Light absorbtion and heat producticn 1n nontransparent
materials

|

Materials heating bv high-power radiation

L

Materi1als melting under action of high-power radiation

1

Mechanisms and regularities ot laser damage ot absorbing
materials

]

Laser action on thin +fi1lms

|

Laser surtace damage

FART 2. LASER ACTION ON PARTIALLY
TRANSPARENT MEDIA

|

Modern concepots of laser - transparent media 1nteraction
mechanisms

I

Modern concepts of laser action on biological abjects

]

Noneauilibrium orocesses 1n matter exposed to short pulsed
light actian
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fable.3
Hasic sections ot the course
OPTICS OF LASER BEAMS AND LASER EQUIPMENI
(CALCULATION AND DESIGN

| FART 1. LASER BEAM OFVICS ]
|

1.0ptical resonaters and transverse structure o4
laser beams

2.Waves and oeocmetrical apporoaches to the calculation ot
laser opotics

3.Basic models of lasers as light sources

4.Calculations o+ cellimation, transmissicn. tocusing
and orolection svstems

d.Laser beam scanning svstems
6.Control svstems +or beam energv distribution
7.Fiber - ootic svstems for transmission ot laser beams

8.0pti1cal elements and svstems desion for hioh-powuwer
laser beaas

PART 2. LASER EBUIPMENT OFTICS
i

9. Characteristics ot ditterent tvoes ot technolooical.
measuring and medical eauioment

1d0.Basi1c +tunctions ot optical svstems 1n 1LE: :1llumination
aiming. observation, measurements etc

11.Ma1n tvpes ot observation ocptical svstem ot [LE:
monpocular, binpocular, television etc

12.11lumination svstems: polvchromatic., monochraomatic.
tiber and laser optics

13.D01+fterent aiming svstems: bv the light beams. bv
the speci1al marks etc

14.Complex optical svstems for technoloov. medicine
and other ourooses
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3.3 PHYSICAL - ENGINEERING FUNDAMENTAL OF LASER TECHNOLOBY

Structure of thics course 1s shown in tahle, 4.
iable. 4
Basic sections ot the course
PHYSICAL - ENGINEERINS FUNDAMENTALS OF LASER
TECHNOLDGY

PART 1., GENERARL FRINCIPLES OF LASER TECHRNOLUGY

!

1. Technoloai1cal lasers and laser ragdiation

2. Uptical centiguration and laser beam +orming svstems

3. Laser action on the materials

PART 2. LASER TECHNDOLUGY PROCESSES

I

4, Laser heat treatment and hardening
3. Laser uwelding and sglderinag
4. Laser machining of thin f1lms

. Laser dimensional machining, dri1liing. marking and
printing

a8, Laser cuttino and scribinag
9. Laser moditication o+ semicponductor structure
10, Laser plasma ti1lm depositian

11. Laser thermo-and chotochemistrv 1n microelectionic
technolaogy

12. Laser +usiocn techologv ot optical comoonents
13. High oower laser materi1als treatment

14. General! princioles o+ laser techrnliggical ecuioment

Part one 1s devoted to the consideration ot basic knowledae i1n  lasers.

potics and phvsical problems as applied to laser technologv. Basic education
of laser radiation parameters which 1s most 1mportant +or  energv  and
dimension relations for laser action threshold are ociven.

Fart two 15 devoted to detailed consideration of ditterent kinds ot

laser technoloogical! oprocesses. such as weldinag. drilling. cutting,

hardening. resistors trimming etc. Some new topics have been recently
presented: laser thermo- and ophotochemistrv 1n microelectronics laser
technology 1n microoptics. laser-plasma ti1lm decosition.
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3.4. LASER EQUIPMENT DESIGN. AUTOMATION AND
TECHNOLOGICAL PROCESSES CONTROL.
Fart one ttable.b)

industrial laser eguipment (l1LE! design. Desian and

is devoted to considerat:ion ot ageneral princioles of
action.

elements ot

calculation and selection of basic svstems of ILE - lasers. optical svstems.

executive electromechanical

presented,

svstems. and computer

control

svstems are

Table.&

Rasic sections of the course
LASER EOQUIPMENT. AUTOMATION AND
OF TECHNOLOGICAL PROCESSES LCONIROL

FaRT.1 GENERAL FRINCIFLES OF

tiLEy DESIGN. COMPOSITION AND

INDUSTRIAL LASER EQUIFMENT
ELEMENTS

|
i

1.lndustri1al lasers: soli1d state

2. Uptical svstems +or 1ndustrial! laser

egquigment

and handiing

parameters

A, Uectical svstems +tor medical eguipment
4, Executive mechanical svsteams et 1LE
9. Measuring svstems ana caontrol of ILE
&, Comouter control svstems +or 1LE

7. Satetv repguirements and svstems tor

ILtE

PART 2. INDUSTRIRL LADER EUWUIFMENT

l

8, Classitication ot 1ILE

9. Eauioment for laser cutting

10, Eaquipoment +or welding and solderina
11. 1LE tor driliina

12, 1LE tor marking and enaraving

13. Laser trimmers

. Laser generators ot 1mapes

Hiagn-oower 1LE.
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