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Laser application in technology is growing exponentially. In modern materials engineer
ing, lasers are used for surface remelting as well as for explosive ablation of materials and 
deposition. Origin of microstructure modification by laser remelting or laser alloying is 
attributed to specific solidification fine structure comprising often high concentration of 
alloying elements. Application of laser to produce thin films is very sophisticated. The 
method based on laser ablation of material and plume transfer to substrate seems to 
be very perspective. Any materials from pure elements to multicomponent compounds 
can be deposited using this method. The basis for laser surface modification as well as 
for pulsed laser deposition are given in these lectures. Wide spectrum of possible appli
cations of laser technology is also presented. Both laser modification and pulsed laser 
deposition is illustrated with own experimental results. 

Key words: laser, remelting, ablation, deposition, microstructure modification, residual 
stresses. 

1. Introduction 

Surface treatment seems to offer the changes to save strategic materials, however, 
the most important is to produce materials with improved properties in comparison 
to the bulk properties (1, 2). Laser surface treatment i.e. remelting/solidification, 
laser alloying and cludding, as well as fabrication of thin films by pulsed laser 
deposition(Fig.1) allows a materials engineering to be developed especially if one 
concentrates on the specificity of the laser processing: the laser wavelength, an 
extremely high power density leading to short interaction times with material (3-5). 

A rapid solidification processing is a basis for microstructure selection in laser 
modification of surface layer of materials. Immediately after the first high-power 
ruby laser became available, there was interest on interaction of intense laser beams 
with solid surfaces. The ease with which materials could be vaporised suggested 
that the intense laser radiation with short pulses (nanosecond) could be used to de
posit thin films (3-10). A thorough understanding of the peculiarities of laser-surface 
interactions relies on a knowledge of the intrinsic properties of lasers and surfaces. 
Moreover, the solidification microstructure with the accompanying solute segrega
tion profile, largely, and often definitely, controls the properties and the quantity of 
the final product obtained in a form of laser modified surface layers. Thus, from the 
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FIGURE 1. Schematic presentation of laser technologies: (a) laser surface modification and 
(b) pulsed laser deposition (PLD). 

practical viewpoint of technological needs, it is important to know the processing 
conditions which will produce a microstructure that gives the desired properties to 
the material. The development of specific microstructural characteristics depends 
upon the conditions at and the shape of the solid-liquid interface, and on the trans
formation or even reaction processes which occur in the solid as it cools to room 
temperature. 

Pulsed laser deposition (PLD) is often described as a three-step process consist
ing of vaporisation of a target material, transport of the vapour plume, and film 
growth on a substrate. These steps are repeated thousands of times in a typical 
deposition run. Laser-induced desorption and ablation result from the conversion 
of an initial electronic or vibration photoexcitation into kinetic energy or nuclear 
motion, leading to the ejection of atoms, ions, molecules, and even clusters from a 
surface. The properties of the deposited films depends strongly on the deposition 
characteristics and can be controlled by driving the process parameters. 

Thin film structures, which are impossible or difficult to produce via conventional 
sputtering techniques (electron or ion beam sputtering), might be generated via laser 
sputtering or pulsed laser deposition (PLD). It is nowadays a well-established and 
advanced tool for the growth of dielectric, metallic, semiconductive and supercon
ductive thin films. Prominent features of PLD include 105 times higher deposition 
rates as compared with conventional techniques, particle energies of the order of 
100 eV due to the high laser power densities and interaction of the evaporated plume 
with the laser beam. 

2. Laser surface modification 

2 .1. Solidification microstructures 

Microstructures are at the centre of materials science and engineering. They 
are the strategic link between materials processing and materials behaviour. Mi
crostructure control is therefore essential for any processing activity. One of the 
most important processing route for many materials, especially metals and alloys, 
is solidification. Recently, rapid solidification processing and microstructure forma-
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tion is of great interest due to formation of refined microstructure and possible 
application [11]. In rapid solidification processing the growth rate of the solid-liquid 
interface becomes sufficiently high so that certain limits are reached which mod
ify the global transformation behaviour of materials. These limits are of threefold 
nature (Fig. 2): 

1. Localisation of diffusion with respect to the size of microstructure. 

2. Localisation of diffusion with respect to the width of the interface. 
3. Collision limit of atom attachment. 
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FIGURE 2. Range of solidification velocities encountered in normal and rapid solidification 
processing and characteristic phenomena appearing in metals under conditions of rapid 

solidification. 

There are many rapid solidification processing which have been developed in the 
past, such as splat quenching, melt spinning, planar flow casting, laser or electron 
beam resolidification, atomisation, bulk undercooling etc. These processes can be 
classified into three main groups which show distinct and important differences in 
processing parameters (Fig. 3). 

The most important variable in rapid solidification processing is the interface 
growth rate V; the temperature gradient in the liquid ahead of the solid/liquid in
terface G. Further important variables are the cooling rate T = dT jdt and the G /V 
ratio which controls planar interface stability at low rates (constitutional undercool
ing) . The most important differences between the three processes types with respect 
to the above-mentioned solidification condition are schematically shown in Fig. 3, 
presenting the variation of: velocity (V), temperature gradient (G), cooling rate (T) 
and G /V ratio in respect to the direction z which is perpendicular to the surface. 

In laser surface treatment (Fig. 3a), the rapid movement of a high energy heat 
source is found . The laser beam moves over the specimen surface with velocity Vbeam. 
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FIGURE 3. Characteristic solidification conditions of the three main rapid solidification 
processes: (a) laser surface treatment, welding; (b) planar flow casting, melt spinning; 

(c) bulk undercooling, atomisation. 

Solidification rate varies from zero at the solid/liquid interface and reaches max
imum on the surface. Temperature gradient is highest at the bottom of the trace 
and decreases approaching the surface. The absolute value of cooling rate increases 
strongly approaching the surface. Electron beam resolidification and electron beam 
or laser welding belong to this group of processes. 

In planar flow casting of ribbons (Fig. 3b), a high undercooling of melt may be 
obtained by large cooling rates. Splat quenching and melt spinning belong to this 
group of processes. 

In bulk undercooling (Fig. 3c), a high undercooling of the melt can be produced 
by the absence of nucleates. This case may appear by slowly undercooling of a bulk 
melt in a very pure environment such as has been obtained in levitation melting in 
ultrahigh vacuum or by encapsulating the melt in glass. 
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Atomisation is a widely used industrial process which belongs to both cate
gories (b) and (c); some grains are free of nucleates and others are very small so 
high cooling rates are achieved. Powders produced by this method are subsequently 
consolidated to form constructional materials or even final products. 

The presented diagrams show already that laser surface treatment leads (in 
most circumstances) to columnar (directional) growth of dendrites and in the case 
of atomisation free (undercooled) growth of crystal appears, while melt spinning 
shows a mixed behaviour which is often dominated by directional growth. 

Depending on the solidification condition mentioned above, various microstruc
tures are formed, namely, plane (P), cell (C), dendrites (D) and band (B), which are 
schematically presented in Figs. 4 and 5. All these morphologies may be obtained 
in single-phase solidification or in polyphase (eutectic) solidification. 

Solldlflcatlon Rate m/s 

FIGURE 4. Plot of temperature gradient versus solidification rate and solidification morphology. 

kt < kv < 1 I kv • 1 

p I c I D c I D I 

FIGURE 5. Interface response function (T-V curve) for plane front, Tp and cellular-dendritic 
growth, Tv, for directional growth as typically observed in laser surface treatment. The variation 

microstructures observed as a function of V can be determined by the maximum growth 
temperature criterion (P- plane front; C- cells; D- dendrites; B- bands). 

http://rcin.org.pl



210 B. MAJOR 

2.2. Laser modification by remelting 

Laser remelting can be used to create supersaturated and highly alloyed mate
rials with novel structure. Most of the beneficial effects of a laser treatment can be 
attributed to specific solidification of the fine structure. The high-melt-pool tem
perature, resulting from a high power density of laser beam, enables the dissolution 
of even thermodynamically stable intermetallic phases and formation of metastable 
phases due to the high cooling rates. Solidification proceeds as either a stable planar 
front or as an unstable front leading to dendrites or cells resulting in microstructure 
variation in remelted layer, which was shown in own examination of Al-Zn alloy 
(Fig. 6) [6, 7]. 

FIGURE 6. SEM photograph of a cross-section through the solidification pool and TEM details 
using foils cut parallel to specimen surface from layers of various depths belong the surface. (A) 

section with frozen droplets due to restored planar growth, (B) cells, (C) dendrites, (D) unrnelted 
substrate. 

The process which occurs depends on the occurrence of constitutional supercool
ing. The constitutional supercooling is caused by the thermal gradient being less 
steep than the melting point gradient, which is the result of partition effects taking 
place at the solidification front giving rise to composition variation in this region 
which is schematically shown in Fig. 7. 

Laser modification has been applied by the author in many metallic systems 
shown in Table 1 and some chosen results of microstructure examinations are pre
sented in Figs. 8-12. 
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FIGURE 7. Constitutional supercooling in alloy solidification: (a) phase diagram, (b) solute 
enriched layer in front of liquid/solid interface, (c) stable interface, (d) unstable interface. 

OiSJJm, 

FIGURE 8. TEM microstructure of surface layer (extracted from the laser treated sample) of 
Al-30Zn alloy, parallel to the surface: (a) after solidification, solid solution inside the grain and 

allotriomorhic precipitated along the grain boundaries, (b) after ageing at 150°C/15 hr, 
precipitates of the /3-zinc phase inside the grains. 
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TABLE 1. Metallic systems modified by the author. 

ALUMINIUM ALLOYS 

A1Zn30 
A1Zn5Mg3Cu 1 
A1Fe6 
A1Fe6Ni2 
A1Sil2 

LASER TREATMENT 

-remelting 
-remelting 
-remelting 
-remelting 

(Cu 1; Mg 1; Ni 1; Fe 0.4; Mg 0.12) -remelting 
- alloying SiC 
-alloying Ni 

STEELS 

High speed steel (HSS) 
PN SW7M, AISI M2, DINS 6-5-2 
(wt .%: C 0.9; Si 0.78; Mn 0.3; Cr 4.12; W 6.22; Mo 4.8; V 1.74) 

-remelting 
- alloying VB2 
-alloying CrB 
- alloying VC 
- alloying Mo2C 

Carbon steel 45 - alloying VB2 
- alloying CrB 
- alloying B4 C 

Valve steel 
PN H9S2, AIS/ HNV3, DIN X45CrSi93 
(C 0.9; Si 2-3; Cr 8-9) 

Constructional steel (Mn) 
PN 50G, DIN C50 

Constructional steel (Cr-Ni-Mo) 
PN 36HNM DIN 36CrNiMo4 

V 3.8---+ 9.4; B 0.9 ---+ 3.25 wt.% 
Cr 5.4---+ 13.8; B 0.3---+ 2.16 wt.% 
V 1.8---+ 64.0; B 0.9---+ 11.9 wt.% 
Mo 5.0 ---+ 55.0 wt.% 

-remelting 
- alloying we 
- alloying Ni 

-remelting 
- alloying we 
- alloying Ni 

(C 0.32; Cr 1.16; Ni 1.05; Mo 0.19; Mn 0.64; Si 0.23) -remelting 

Constructional steel (Mn-B) 
PN 36HNM DIN 36CrNiMo4 

- alloying CrB 
- alloying Ni 

(C 0.29; Mn 1.2; B 0.0012; Cr 0.2; Ni 0.2; Si 0.23) -remelting 

TITANUM ALLOYS 

TiA11Mn1 

-alloying CrB 
- alloying VC 

- remelting in Ar 
-remelting in N2 
- remelting Ni in Ar 
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FIGURE 9. Microstructure of Al-5Zn-3Mg-1Cu alloy with the distribution of Zn, alloy subjected 
to ageing at 150° C for 3 hr after laser remelting; microstructure refinement within the laser 

remelted zone. 
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FIGURE 10. Microstructure of Al-6Fe alloy of the cross-section (LM, SEM) and parallel to the 
surface (TEM) through the solidified pool after laser remelting; within the laser remelted zone 

three types of microstructure: cellular, plate and needle (TEM); microdendrites elongated in the 
direction of heat flow. 
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FIGURE 11. Microstructure and distribution of micro-hardness J.&HV of Al-12Si alloy through the 
cross-section of laser remelted and laser alloyed layer. 
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FIGURE 12. Microstructure of high speed steel 6-5-2 laser alloyed with VC; content of V in laser 
track: (a) 3.5 wt.%V; (b) 5.5 wt.% V; (c) 17.0 wt.%V and hardness of this steel after laser 

alloying. 
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FIGURE 13. Hardness HV3 of (a) CrB and {b) VB2 laser alloyed high speed steel of grade 6-5-2. 

FIGURE 14. Microstructure SEM and TEM of the cross-section of TiAl6V 4 alloy laser remelted 
in nitrogen environment, showing overview of cross-section (SEM) and microstructure: inside the 

dendrite arm (a), and three types of microstructure between the demirite arms: plate {b), 
cellular (c) and nanostructure (d). 
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Laser remelted region is usually shielded by the neutral gas. One can apply 
such environment which leads to reaction with remelted materials. This happened, 
for instance, in modification of titanium alloys where the molten pool was covered 
by nitrogen [12J. Due to high affinity of titanium to nitrogen, the titanium nitride 
was formed in laser remelted surface layer and the peculiar microstructure with 
dendrites grown from the surface was observed. Between the dendrite arms three 
types of microstructure were stated i.e. plate (b), cellular (c), and nanostructure (d) 
(Fig. 14). 

Explanation of this phenomenon could be given basing on the interaction of 
three forms of nitrogen i.e. molecules, atoms and ions (Fig. 15) with the molten 
titanium alloy. 
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FIGURE 15. Phase diagram Ti-N with marked possible reactions of N2, N and N+ with molten 
titanium. 

2.3. Laser alloying 

Surface alloying with laser is similar to laser surface melting except that another 
material is injected into the melt pool. Laser surface alloying is also similar to surface 
cladding in that if the cladding process is performed with excess power then surface 
alloying would result. It is therefore an extreme case of surface cladding. The main 
characteristics of the process are as follows: 

• The alloyed region shows a fine microstructure with nearly homogeneous mix
ing throughout the melt region. 

• Most materials can be alloyed into most substances; some surface alloys can 
only be prepared via a rapid surface quenching, e.g. Fe-Cr-C-Mn. 

The alloying material can be placed in the melt zone by: 
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• electroplating, 
• vacuum evaporation, 

• preplaced powder coating, 
• thin foil application, 
• ion implantation, 
• diffusion, e.g. boronising, 

• powder blowing, 
• wire feed, 
• reactive gas shroud. 
Laser surface alloyiqg is capable of producing a wide variety of functional mate

rials. The high solidification rate allows even some metastable alloys to be formed in 
the surface. All this can be done by a non-contact method which is relatively easy to 
automate. The laser offers precision in the placement of the alloying, good adhesion 
and vastly improved processing speeds. Numerous systems have been explored by 
the author of this elaboration [6, 7), e.g.: 

• aluminium alloys (AlSi12) alloyed with SiC and Ni, 

• steels: high speed M2, carbon Ck45, valve HNV3, constructional of grades 
Cr-Ni-Mo, Mn, Mn-B; alloying with carbides or borides in wide range of con
centration (Fig. 16). 
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FIGURE 16. Change of hardness during laser alloying of Ck45 with VB2, CrB and B4C. 
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2.4. Residual stresses in laser treatment 

Each laser process develops residual stresses in laser treated material. The mea
sured stresses in different processes performed by the author are summarised in 
Table 2, and an example of residual stress distribution is shown in Fig. 17. 

a) 

800 ... 
I 

70J ~ 
I 

0 600.!. 
I > 500f ::t: 

::;: 400 + 0 
"2 3007 
~ 200 ... 1-

100 + 
o' 

8. 
0 

b) 

eoo.,. 
700.:. 

0 600 7 
> 500 I 

~ T 
~ 4001 

! :i 

s ~-ci 

15B28H 

v=O.lmlmln 

on a s a 1(3 ~ 
1/) a ~ .... ..... 

..: N N I') ri I') .., ... ... 
[mm) 

100 l .....O.lm/IDID 
0~~--~--~~+-~+-~~ 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 8. s. ... ... 

c) ~:1+~70MP& 
(mm] 

800 7 . 

700 + 
I 

0 600.;. 
; sool ::t: 
::;: 400! 
0 I 
'E 300t ; 
1- 200 

100 ~ 
0 ! 

~ 
[mm] 

a) 

b) 

0 

> ::t: 
::;: 
0 
'0 

~ 
1-

1200,. 

1cxxd 
i 

800~ 
I 

aoof 
4001 

I 

:zoo' 

o' 

~ 

1400' 

1200 ~ 
0 1000.!. > : 
::t: 800-

~; sool 
'2 : 
! 400 t 

200 

c) 

1<100.:. 

0 1200.;. 

~ 1000.:. 

::;: 800-
0 

soo+ 'E 
~ 

1- ~00 + 
I 

200 

0' 
8 
c:i 

15B28H+VC 

P,.O.l 

~ ~ 
1/) 

~ s ~ 1(3 ~ 
1/) a ~ ~ .... 

ci N ri ri ... ,.: 

[mm] 

s a ~ 8 s a 
ci , ..... N .., 

[mm) 

FIGURE 17. Hardness and residual stress distribution after laser remelting and laser alloying of 
constructional steel. 
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TABLE 2. Residual stresses measured in surface layers of materials subjected to laser treatment. 

LASER TREATMENT- RESIDUAL STRESSES 

X-ray measurements 

Laser remelting (overlapping tracks) 

in Ar atmosphere; laser cw C02 

• valve steel (ferrite) 

• manganese steel (ferrite) 

• AlSi 12 (o-Al} 

in N2 atmosphere; laser Nd:YAG 

• TIAllMnl (TiN) 

Laser alloying (individual tracks) 

in Ar atmosphere; laser cw C02 

• high speed steel M2 + VB2 

-700MPa 

-400MPa 

-300MPa 

+500 MPa (to +800 MPa) 

{V- 8.7wt.%, B- 2wt.%) -330MPa 

• Ck 45 + CrB 
{Cr- 9.6wt.%, B- 2wt.%) -570MPa 

• Ck 45 + VB2 
(V- 5.7wt.%, B- 2.3wt.%) -730MPa 

Laser welding (overlapping tracks) 

in Ar atmosphere; laser cw C02 

• AIMglSil 

3. Pulsed laser deposition 

-300MPa 

With most deposition techniques the condensation of metallic systems from the 
vapor phase favours the formation of metastable phases, as long as the chosen 
preparation conditions lead to a kinetic suppression of the equilibrium state. It 
has been verified experimentally that phases far away from the equilibrium state 
and even amorphous ones could be formed during thin-film deposition using pulsed 
laser (PLD) [8-13). In this technique, thin films are prepared by an ablation of one 
(or more) target(s) illuminated by a focused pulsed laser beam. The method was 
first used in 1965 for the preparation of semiconductors and dielectric materials. A 
typical set-up for the deposition of metallic alloys and multilayers is schematically 
shown in Figs. 1 and 18. 

The deposition system consists of a target holder and a substrate holder housed 
in a vacuum chamber. In an UVH chamber ablated targets are struck at an angle 
of 45° by a pulsed and focused laser beam. The atoms and ions ablated from the 
target are deposited on substrates clambed on a heater with the surface parallel 
to the target surface with a target-to-substrate distance of typically 2-10 em. High
power pulsed lasers with nanosecond pulses are used as an external energy source 
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FIGURE 18. Schematic illustration of important parameters to consider when designing a PLD 
chamber (Keys: T = target port flange-to-beam focal plane (target) distance, Z = substrate port 
flange-to-substrate distance, S = target-to-substrate distance, L = laser port length, e = angle 

between target normal (plume direction) and laser beam) . 

to vaporize materials and to deposit thin films. In general, the useful range of laser 
wavelenghts for thin-film growth by PLD lies between 200 nm and 400 nm. Most 
materials used for deposition work exhibit strong absorption in this spectral region. 
Absorption coefficients tend to increase as one moves closer to the 200 nm mark. 
The stronger absorption at short wavelenghts also results in a decrease in abla
tion fluence thresholds. Most of the work accomplished to date has been focused 
on excimer and Nd:YAG lasers. High output energies are achieved by using two 
YAG rods in an oscillator/amplifier configuration. Q-switching allows this configu
ration to produce nanosecond pulses outputs even much higher than 2 J /pulse. At 
these high energies pulse repetition rates are limited to 30Hz with pulse duration 
of nanoseconds. Excimer lasers emit their radiation directly in the UV. The funda
mental laser emission of Nd:YAG occurs at 1064 nm, well outside the desired range 
indicated earlier. Using a nonlinear crystal, the 1064 nm output can be frequency 
doubled with about 50% power conversion efficiency yielding an output at 532 nm. 
In order to produce light in the UV, the 532 nm output is mixed with the residual 
1064 nm light or frequency doubled again, and Q-switching allows to produce short 
pulses. 

3.1. Laser desorption and ablation 

The widely accepted term for beam-induced ejection of particles from surface 
is "sputtering''. The term "laser-induced desorption" is defined as particle ejection 
without any detectable mesoscopic modification of surface composition or structure; 
with a particle yield that is a linear function of the density of electronic or vibrational 
excitation; and without any significant gas-dynamic effects in the steam of particles 
leaving the surface. 

"Laser ablation" is a sputtering process in which material removal rates typically 
exceeded one-tenth monolayer per pulse; the surface is structurally or composition
ally modified at mesoscopic length scales and particle yields are superlinear functions 
of the density of excitation. 

http://rcin.org.pl



LASER TECHNOLOGY IN GENERATING MICROSTRUCTURE ... 223 

Laser-induced desorption and laser ablation are not entirely distinct phenomena, 
however, laser-induced desorption initiated by low-fluence "conditioning'' of surface 
may lead to material modifications that affect subsequent laser ablation. Moreover, 
laser ablation need not involve massive, catastrophic destruction of a surface; indeed, 
much of pulsed-laser film deposition relies on laser ablation as a reasonably well 
controlled and repeatable method of injection target material into the gas phase. It 
is, therefore, probably more correct to view desorption and ablation as two point 
on a continuum of phenomena seen in laser interactions with material surfaces, 
beginning with desorption and perhaps ending at avalanche ionisation and massive 
thermomechanical damage of surface as suggested by Fig. 19. 

Oo 

FIGURE 19. Schematic of pathways leading from photoexcitation to laser desorption and 
ablation. Laser light can excite intrinsic molecular (II), or atomic (I2) sites or defect sites (D) by 

coupling to their respective electronic or vibration modes; energy is dissipated as heat to the 
lattice by electron-lattice (electron-phonon) coupling. The horizontal arrow represents channel 

loss competing with desorption or ablation. 

3.2. Processes occurring during PLD 

A sequence of particular processes occurs during laser ablation from the target 
and deposition of the ablated material on the substrate surface [10). They are as 
follows: 

• absorption of laser intensity, 

• target heating, 
• ablation of material, 
• plasma formation, 
• plasma expansion, 
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• high kinetic energy of the deposited particles, 
• instantaneous deposition rate. 

3.3. Characteristic properties of laser-deposited systems 

They are characteristic properties, which are more or less independent of the 
investigated system (8-10]. Although in the case of laser deposition similar phases 
are formed as by conventional deposition technique, some characteristic differences 
occur, which are as follows: 
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FIGURE 20. Microstructure of laser deposited layer after ablation of target Ni3Al using KrF 
excimer laser (top); droplets are visible on the surface and XRD pattern (bottom) obtained from 

the surface revealing the Ni3Al4 - cubic, and NisAl3 - orthorombic phases. 
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• Average deposition rates; significant growth rates of order of 0.01-0.05 nm 
per pulse are observed above a deposition threshold of laser fluence of about 
3-5Jjcm2

• 

• Angular distribution of the film thickness; the PLD process leads to a strong 
angular dependence of the film thickness; in practice, films with uniform thick
ness can be obtained by PLD for instance by scanning the laser beam over a 
large target area and by rotating the substrate during deposition. 

• Stoichiometry transfer; in most cases, the stoichiometry of deposited films is 
close to that of the targets used. Deviation from the film stoichiometry can 
be explained for instance by unusually high vapor pressure of one component, 
different angular distribution of the elements, preferential sputtering effects, 
phase transformation, etc. (Fig. 20 bottom). 

• Droplets on the film surface; additionally to the deposition of atoms and ions, 
some droplets with two characteristic sizes of < 0.5 and about 1-3 /liD, re
spectively, are found on the film surface. The number of droplets depends 
on the laser fluence used, target material and surface roughness and strongly 
increases with the number of pulses on the same target location. In order 
to reduce the droplet number, the used laser fluence and the position of the 
substrate can be optimised, and the target surface has to be as smooth (and 
dense) as possible; mechanical velocity filters between the target and substrate 
or electrostatic deflation filter can mitigate the problem (Fig. 20 top) . 

• Strong adhesion exists in PLD films although the residual stress is expected 
in the thin layer (Fig. 21) . 
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FIGURE 21. Microstructure TEM of cross-section of deposited metallic films together with 
electron diffraction patterns; the strongly developed interface is visible between the substrate and 

deposited film. 
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• Homogeneity of films is observed in laser deposited films of different types 
(Fig. 22). 

• Texture is often developed in deposited layers (Fig. 23). 
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FIGURE 22. Microstructure SEM of deposited titanium based-films. 
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FIGURE 23. Texture measured on the surface of laser deposited titanium-based films; a strong 
axial texture is visible in all cases. 
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3.4. Applications 

Interest in pulsed laser deposition (PLD), as technology producing thin layers of 
complex materials is growing exponentially in recent years. Condensation from the 
vapor phase favours formation of metastable phases, because it is often joined with 
a high solidification rate. Deposition of virtually any materials, from pure elements 
to complicated multicomponent compunds, on various substrates, make PLD very 
suitable technology in fabrication of thin layers. One of important advantage of 
the method is stoichiometry transfer from target to substrate and production of 
multilayered materials. It could be also possible to influence on the transferred 
plume producing a special environment in the reactive chamber, thus producing a 
layer of a requested phase. The method has been applied till now in a wide spectrum 
of materials, which can be grouped as follows: 

• high-temperature superconducting thin films for active and passive applica-
tions (Fig. 24), 

• semiconductors, 

• epitaxial oxides on semiconductors, 
• noncrystalline carbon films with the bonding and properties of diamond ( di-

amond like carbon DLC), 

• tribological coatings; lubricated coatings and hard coatings (Figs. 21, 25, 28), 

• metallic films, 
• ferroelectrics, 

• magnetic materials like ferrite thin films, 

• bandgap materials (Fig. 26), 
• biocompatibile thin films (Figs. 23, 27), 
• polymer films. 

FIGURE 24. Schematic view of the biepitaxial junction structure with a seed layer and a buffer 
layer placed on a base layer that is grown on top of a delectric layer and a YBCO ground 

plane [8). 
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An example of microstructure variation on cross-section of pulsed laser deposited 
TiN thin layer from own examinations is presented in Fig. 24. 

• Layered films 

• Nano-composite 

MoS2 
PbO 
Pb01MoS 2 

TiC 

:=f.__ _ ____. ·TiC matrix 
• lubricant filler 

PbO 

FIGURE 25. Examples of engineered coatings specifically targeted to permit extended thermal 
cycling of adaptive lubricant [8]. 
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FIGURE 26. Schematic drawing of the apparatus for HgCdTe bandgap engineering. 
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FIGURE 27. Rutherford backscattering spectroscopic data for the Ca/P ratios in films deposited 
by PLD from a target of hydroxylapatite using an excimer laser. The Ti-6Al-4V substrates were 

maintained at 500°C or 600°C, and the gas environments consisted of oxygen gas at various 
pressures [8]. 
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FIGURE 28. Microstructure TEM of the cross-section of titanium nitride coating produced by 
pulsed laser deposition using Nd:YAG laser [13]. 
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3.5. Future directions of PLD method 

In the last years a considerably effort has been devoted to developing PLD for 
thin films. A wide variety of materials and applications have been explored, although 
the main emphasis has been directed at development of a multilayered novel mate
rials with combination of special properties. As a by-product, many difficulties have 
been identified and solutions found to many of them. The best results obtained up 
to date, however, are connected with the realisation of the power in using PLD for 
these materials. This technique has the ability to improve the fundamental under
standing of thin film production by virtue of its ability to easily produce epitaxial 
films. In addition, PLD provides an opportunity to fabricate many exciting and 
novel devises and systems where high-quality epitaxial films are required. From this 
point of view the future for PLD of thin films looks auspicious. 

The actual research activity in laser ablation is focused on the following topics: 

• laser surface interactions, 
• mechanism and diagnostics of laser desorption, 
• modelling and computer simulation of laser-induced desorption and ablation, 

• laser plasma and gas dynamic effects, 
• matrix-assited laser desorption ionisation (MALDI), 

• analytical spectrometry based on laser ablation, 
• film synthesis in laser plasma by pulsed laser deposition; new and artificially-

structured materials, 
• clusterjnanoparticle/nanowire(tube) formation and deposition, 
• nanoscience and nanotechnology using laser-solid interactions, 

• electronic excitation effects and kinetic energy effects, 
• laser-induced surface modification, 
• laser eaching and cleaning, 
• lithography and micromachining, 
• biomedical ablation; mechanisms and applications (corneal, tissue, dental, ... ) , 
• fs-laser applications, 
• industrial applications. 

4. Concluding remarks 

A brief survey of laser technologies clearly shows and proves that it is very per
spective giving researchers a new experimental tool with special properties {Tables 3 
and 4). 

Understanding the peculiarities of laser-surface interaction relies on a knowledge 
of the intrinsic properties of lasers and surfaces. The use of laser techniques to study 
fundamental rapid solidification, adsorption, desorption and diffusion processes on 
surface seems to be very practical. Since in the last two decades spectroscopy with 
laser light has been introduced into many laboratories, important linear and non
linear spectroscopic methods are of research interest. 
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TABLE 3. Output power and power density of commercial lasers. 

Source 
Pulse 

Power 
Power 

length density 

C02 laser cont. 6kW 107 W /cm 2 

C02 laser (giant pulse) 10- 7 s 1000MW*) 1012 W /cm2 

Solid state (normal pulse) 10- 4 s 0.1 MW*) 1010 W /cm2 

Solid state (giant pulse) 10-8 s 100MW*> 1013 W/cm2 

GaAs- laser 10-8 s 300 w·> 105 W /cm2 

GaAs- laser cont. 11 w 2 · 103 W /cm2 

Soldering flame cont. l.6kW 5 ·104 Wjcm 2 

e-beam cont. 3kW 109 W /cm2 

Sun light focused by a lens (D =Scm) cont. 2kW 300 W /cm2 

*) peak power 

TABLE 4. Types of lasers applied in materials engineering. 

Emitted 
Efficiency 

Laser wavelength 
[nm] 

[%] 

Excimer: 

F2 157 

ArF 193 

KrF "248 0.3 

XeCI 308 

XeF 351 

Nd:YAG 

(wo) 1064 2 

{2wo) 532 0.2 

(3wo) 355 0.1 

N2 337 0.1 

Ar 488 and 514 0.006 

C02 10600 10-15 

Diode 800-900 30-40 
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Development of ultrashort laser pulses has allowed one to observe directly the 
dynamic and vibronic surface excitation and relaxation processes. Materials treat
ment, beginning with fundamental changes of the plain surface induced by laser 
radiation, namely heating, melting and plasma generation are studied due to possi
ble technical application. Moreover, structuring of the surface in terms of controlled 
crystallisation processes, ablation of surface materials, generation of periodic struc
ture and generation of thin films is of great perspective technical interest. 

Many of the basic mechanisms studied in solid state are used in laser medical 
applications. Here, the laser light sources are applied to heat treatment of organic 
tissues (photocoagulation), a major and very perspective is the use of laser in such 
branches of medicine like: cardiology, dentistry, dermatology, gastroenterology, gy
necology, neurosurgery, ophthalmology, orthopedics and urology. 

Obviously, a rapid expanding, innovative and important field such as the in
teraction of photons with surface of inorganic solid state and organic tissues is 
extensively studied in many laser laboratories due to the fact that laser-surface 
interaction mechanism and processes are a fascinating research field with perspec
tive in the near future. Details of some achievements can be already found in the 
literature, cf. [3, 4, 8, 9). 
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