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Abstract. Numerous and diverse requirements in the scientific and industrial field  
have called for innovative LASER resources with efficiency in terms of intensity. 
Thanks to the invention of the technique “ Chirped Pulse Amplification” (CPA) 
and to the use of  materials with high level of saturation, like  Ti: sapphire , Nd: 
glass, and Yb: glass. The combined effect of the two elements has brought the 
ultra short LASER sources  of “ table top” dimensions with efficiency in terms of  
intensity.  In the CPA technique, the ultra short pulses generated by a LASER 
oscillator  are not directly amplified, but are at first temporarily elongated, 
amplified  and then  compressed again temporarily. The source  requested to be 
realized and installed will be based on a Ti: sapphire oscillator , a temporal 
stretcher, a Ti: sapphire pre-amplifier, a temporal compressor, and an excimers 
KrF  amplifier.  
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1.  INTRODUCTION  
 
In the frame of a collaboration project between the Department of Technological, 
Physical and Energetic Sciences (Tor Vergata University, Rome, Italy) and the 
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Departments of Physics (Polytechnic University of Tirana, Albania and University 
of Gjirokastra, Albania), was possible our participation on the realisation of a 
Laser sources with very high intensity wich is in process to be installed at the 
Department of  Technological, Physical and  Energetic Sciences  (Tor Vergata  
University, Rome-Italy) . 
 
Various requests in the field of science and technology have brought to the 
realisation of above mentioned Lasers. It is a very revolution on this 10 years at 
the technology of these Lasers. This, thanks to the introduction of  " Chirped Pulse 
Amplification" (CPA) technique and the use of materials with very high saturation  
like Ti: sapphire, Nd: glass, Yb: glass, etc. So, the dimensions of Laser sources 
with very high intensity are reduced in the “table top” values (sources installed in 
only one optical bench. The application of these Laser sources is very useful in 
the field of atomic physics, plasma physics, microlithography, ophthalmic 
surgery, etc. 
 
Also the Laser source with very high intensity which works in the nanoseconds 
(ns) pulse mode, installed at the Department of  Technological, Physical and  
Energetic Sciences  (Tor Vergata University, Rome,Italy) has very good 
parameters on terms of the intensity; with his realisation  we have done a modest 
contribute. It is an efficient instrument for creating plasma state of various 
elements by radiating them with this Laser light. 
 

 
 
 

Fig. 1. Principal schema of a femtosecond Ti: sapphire Laser 
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Actually, we are working for the realisation of a Laser source with very high 
intensity (with pulses duration of the order of femtoseconds), which works 
according to the “Chirped Pulse Amplification”, (CPA) technique. The used 
material is Ti: sapphire, with high level of saturation                   
          
 
2.  Nd: YAG ns-LASER SOURCE    

 
In the last 10 years are widely used the pulse Laser sources with very high 
intensity; their pulses duration is of the order of nanoseconds. In the almost of 
cases, Laser sources with very high intensity have very big dimensions and high 
cost. The Nd: YAG ns-Laser source of Tor Vergata University, have relatively 
small dimensions, and the energetic parameters are optimal : 

- Energy on exit (for 1 pulse) : 22 mJ 
- Power on exit : 1,46 . 106 w 
- Intensity on exit : 2,3 . 106 w/cm2 
- Intensity on target : 34 . 106 w/cm2 

 
The active material of this Laser is Nd: YAG, an organic material where are 
injected Neodymium atoms. The Laser source works in pulse mode. The duration 
of a pulse is about 15 ns. The radiation is in infrared part of light spectrum, λ = 
1200 nm ; the light is polarised. All the other elements, like mirrors, beam 
expander, Faraday rotators, prisms, etc. are compatible with this light. In the Laser 
cavity (resonator) beside the known components there is also a Pockels cell, 
which transforms the Laser radiation cw mode  (continuous way) in pulse mode.  
 
The high power on exit of this source is achieved thanks to 4 Laser amplifiers. 
The 1st and 2nd amplifier have as active Laser material Nd: YAG, while the 3rd and 
4th are with Nd: glass. The Laser light passes two times through the 2nd amplifier. 
Thanks to the use of Faraday rotators it is possible to prevent the reflected Laser 
light from the target, which can demage the materials of the Laser amplifiers and 
resonator. So called “pump” are xenon lamps, under 2 kV tension. This Laser 
source actually is more debugged and is a very useful instrument for the scientific 
research, especially on the field of plasma.  
 

 
3.  Ti: SAPPHIRE fs-LASER SOURCE 
 
The Ti: sapphire fs-Laser is a pulse Laser source with very high intensity; his 
pulse duration is of the order of femtoseconds (fig. 1). The principle of the work 
for it, based on the technique of “Chirped Pulse Amplification” (CPA) is as 
following : 

Pulses generated from the Laser resonator are not amplified directly, but are 
enlarged beforehand, then amplified and finally compressed. The technique of 
“Chirped Pulse Amplification” (CPA) was developed in order to reduce the 
enormous peak powers in the amplifiers, which would otherwise limit the output 
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energy because of intensity-dependent distortion and damage of the amplifier 
components . 
 

Fig. 2. Diffraction pair gratings  used  for the pulse compression 
 
A pair of plane ruled gratings arranged in tandem and with their faces and rulings 
parallel, has the property of producing a time delay that is an increasing function 
of wavelength. A grating pair  is used then to compress optical chirped pulses  
(fig. 2). The path length PABQ for the wavelength λ  is less than the similar  path 
PACR for the longer  wavelength  λ’. Thus the grating provides large negative 
group-velocity dispersion (the “compressor”). If a telescope is added between the 
gratings (this is the  “stretcher”) the sign of the dispersion can be inverted and 
positive group-velocity dispersion can be obtained. The enlargement of the pulses 
on our stretcher is made with the factor 104.  
 

 
     

Fig.3. Kerr medium and phase fronts 
 
The resonator in our Laser source is shown in fig. 4. The crystal is Ti: sapphire 
(Ti: Al2O3). This Laser has the emission peak at 750 nm and the gain bandwidth 
230 nm. The Ti: Al2O3 crystal is pumped by a an Argon laser (yellow box in the 
photo). It is a laser in continuous (CW),  which utters in the visible specter in a 
wave length of  514nm and it is able to give a maximum power of 6W.   
The resonator employed for Kerr-lens mode locking (KLM) is an astigmatically 
compensated arrangement consisting of two focusing mirrors and two flat mirrors.  
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In order to obtain a high nonlinearity, the Kerr medium is inserted into the tightly 
section of the resonator.  
  
 
In a Kerr medium the variation of the index of refraction n of the mean, induced 
by the radiation of elevated power that crosses it, does that inside the mean is 
created a convergent lens that has the tendency to focus the radiation.This 
happens, in the hypothesis of an impulse with a Gaussian spatial profile spatial 
(fig. 3). In the center of the spot intensity is greater in comparison to the edges 
and, because of the dependence of the index of refraction from the intensity, the 
center of the impulse "meet" a great non linear  index refraction in comparison to 
the edges. 
 
 
As a result of this, the speed of phase of the wave front is smaller to the center of 
the impulse in comparison to the edges and, therefore, a convergent lens is 
induced in the mean crossed by the laser spot and this last is focused. If the lens so 
produced in the mean crossed by the radiation compensates the natural divergence 
of the spot, the radiation is as if it was propagated in one " wave guide" of a 
variable index of refraction, giving an impulse of elevated intensity (soliton). So, 
the Kerr effect produces (in time terms) a self phase modulation, while in the 
spatial terms produces a self focusing. 
 
 
Taking into the account the astigmatism of the Brewster cut crystal and the tilted 
mirrors, the resonator has to be evaluated in the tangential and sagittal plane. The 
curved mirrors correspond to lenses with focal length  f  , which are different for 
two planes, the same is true for the equivalent lengths  l  of the Laser crystal. The 
fig. 3.b depicts the equivalent resonator. An aperture is usually located close to 
one of the  flat mirrors. The spot size variation δ at the aperture as a function of 
circulated power, critically depends on the position x of the Kerr medium and the 
separation z of the two focusing mirrors. The function of two prisms is to provide 
dispersion compensation in the resonator. 
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Fig. 4. Resonator of Ti: sapphire fs-Laser source and his equivalent schema. 
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Fig.5  Experimental setup and technical data of our Ti:Sapphire fs-Laser 
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The operation of a KLM Laser is a trade-off between output power, stability and 
the exact position of components. For a given pump power and pump spot size, 
the most critical parameters are: the distance  z  of the two focusing mirrors, the 
location  x and the aperture δ . The parameters x and z become larger  as the 
resonator approaches a symmetric configuration. The best compromise between a 
large δ and a reasonably stable performance is achieved for a  symmetric 
resonator  ( L1 = L2). The alignment of a KLM resonator is very critical, and a 
tolerance in length adjustments is a fraction of millimeter. 
 
 
The Kerr nonlinearity is usually not strong enough for the passage from the cw 
mode to mode-locking process (KLM).In order to initiate KLM, usually a strong 
fluctuation must be induced by either perturbing the cavity or by adding another 
nonlinearity to the system. The simplest method to start KLM in a laboratory set-
up is to slightly tap on of the resonator mirrors. Disturbing the cavity mirrors will 
sweep the frequencies of competing longitudinal modes, and strong amplitude 
modulation due to mode beating will occur. The most intense beating pulse will 
be strong enough to initiate mode locking. 
 
 
 
 

 
 

 
 

Photo : The resonator of Ti:Sapphir fm-Laser (in the open box) 
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