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Chapter (1) 

Introduction and literature review on the damage induced by laser 

radiation in solids 
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( Loesel et 

al,1998)( Schaffer et al, 2001)

(Watanabe et al, 2000)

10 ps 

Laser ablation process

(Oh et al, 2006)

(Birngruber et al, 1987; Sato et al, 2001)

  Laser induced breakdown(Jones et al, 1989; 

Anisimov and Khokhlov,1995; Stuart et al,1996; Petite et al,1996; Quoix et al, 1999) 

(Stuart et al, 1995)
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Laser 

micromachining(Liu and Mourou, 1997)

(Chrisey et al, 1994) (Vijayalakshmi et al, 1998)(Becker 

et al ,1998)(Ameer-Beg et al, 1998),(Marcinkevicius et al, 

2001)(Loesel et al, 1998)(Vertes et al, 

1993),(Winefordner et al, 2000)

(Radziemski ,2002) 

(Du  et al ,1994 

; Stuart et al,1995 & 1996; Varel et al,1996; Lenzner et al,1998; Tien et al,1999; Mao 

et al,2004; Liu et al,2005; Oh et al.2006)    
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laser 

damageMechanisms100 ps

12

(1-2) Effect of ultra short pulses of laser radiation solid materials    

100 fs0.3 mJ

10
15

 W/cm
2

20 μm10 ns
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(Liu and 

Mourou, 1997)

(Glezer et al, 1996)

Waveguide(Davis et al, 1996; Homoelle et al, 1999)

(Sudrie et al, 1999)

13

(1-3) Mechanisms of breakdown induced by laser radiation in solids  

(i)

(ii)

(iii)(Lenzner et al, 

1998)

(Oh et al, 2006)
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(1-1)

 

(1-1) a,b

Crater

(a) 



  ..الضررمقدمة ومسح مرجعي عن  الفصل الأول
7 

 

 

(b) 

(c) 
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(d) 

(e) 
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(1-1) 

(1-1)c,d

 (1-1) e,f  

(Du  et al,1994 & 1996; Stuart et al,1995 & 

1996; Varel et al,1996; Lenzner et al,1998; Tien et al,1999; Mao et al,2004; Liu et 

al,2005; Oh et al.2006)    

131(1-3-1)The cascade ionization 

process

(f) 



  ..الضررمقدمة ومسح مرجعي عن  الفصل الأول
11 

Joule heating process

Inverse Bremsstrahlung process 

(1-2-a)Collisional 

ionization  

10
18

 cm
-3

(C.G.S.

1-12

2

4 e

m
n e
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meωe

cn10
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cm
-3



  ..الضررمقدمة ومسح مرجعي عن  الفصل الأول
11 

( Liu et 

al, 1997)

132

(1-3-2)Multiphoton absorption process                                                                                                                                                            

(1-2-b)

kkhν ≥ ΔE hν

ΔE

Multiphoton ionization

k
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 (1-2-a)

 (1-2-b)
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(τ ≤ 100 fs)

133

(1-3-3)The electron energy gain and loses processes  

(τ <100 fs)

  Laser Fluence 

( Liu et al, 1997)

14(1-4) Ablation process                                                                   
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1
sL    حيثα

Ld DL D L

sd LL 

LthF cscd LDL  
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Skin depth

(Pronko et al,1995)

l(Bettis et al, 1976) 

15(1-5) Literature review                                                              

  

(O'Dwyer, 1973)

(Smith, 1978)

(Bloembergen, 1974)

(Fradin and Bloembergen, 1973)

10
7
 V/cm10 ps

10
8
 V/cm

(Du et al, 1994)
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Fused silica

7 ns150 fs

fluenceThreshold

10 ps

(Stuart et al, 1994)

10 ps

(Du et al, 

1994) 780 nm

(Stuart et al, 1995)

1053 nm60010 Hz 

50 Hz790 nm

190 fs –  4.5 ps(Varel et 

al, 1996)

600

(Jones et al, 1989)
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1996(Von der Linde and Schuler, 1996)

120 fs800 nm10
14

 

W/cm
2

1998(Lenzner et al, 1998)

5 ps)(5 fs –

780 nm10 fs

(Keldysh, 1965)10 fs

 Reversible 
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nonperturbative nonlinear optics10
13

 W/cm
2

 Laser 

ablation

(Pronko et 

al, 1998)(80 fs- 9 ns )

786 nm 1.06 μm(0.3 - 40) MV/cm

(10
10

 - 10
14

) s
-1

 

(Tien et al, 1999)

800 nm

20 fs(Fused silica) 

1999 (Wellershoff et al, 1999)
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(Au)(Ni)(Mo)

Multiphoton ionization (MPI)

Electron impact ionization (EII)(Stuart et 

al,1995)

(Li et al, 1999)

25 fs800 nm

100 fs

2000

(Apostolova and Hahn, 2000)



  ..الضررمقدمة ومسح مرجعي عن  الفصل الأول
21 

1 ps

 

Time dependent Fokker-Planck (F-P) equation

25 fs 

(Kaiser et al, 2000)
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2001(Jasapara et al, 2001)

/4λTa2O2

SiO2500 nmTa2O2

(Sun and Longtin, 2001)

(Evans and Gamal, 1984)(Gamal et al, 1999)

(Gamal and Azzouz, 2001)
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Ti-Sapphire

MEMS

(Fan et 

al, 2002)
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10 ps

(Mazhukin et 

al, 2003)

( Rosen et al, 1982; Schittenhelm et al,1996-1997)

(Afaf et al, 2001)

(Radziemski and Cremers ,1989) 

(Sheila et al 

,2003)
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100 m

300 µm

Optical 

Limiter

2004(Peng et al, 2004)

100 fs

1053 nm

(Temnov et 
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al, 2004)

10TW/cm
2

(Efimov, 2004)

Borosilicate

1 μm (200 fs -30 ns )

(Mao et al, 2004)

(Yablonovitch and Bloembergen ,1972; Bloembergen ,1974)

(Kelley ,1965; Shen ,1984; Haglund et al ,1994) 
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(Ueta et al ,1986)

(Vasil'ev et al ,1999)

1.0 ps 

(Haglund et al ,1994)

(Mao et al, 2004) 
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2005(Liu et al, 2005)

 800 nm240 fs- 2.5 ps

Numercal Apertures

700 fsNA= 0.126

NA= 0.255

(Nemes et 

al, 2005)
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βH

10
16

 

cm
-3

20000 K

(4500-7000)K

Hα

C3

(Sun et al, 2005)

(130 fs -800 nm)

1.7 fs

5×10
19

 cm
-3

170 fs

(Carr et al, 2005)
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(Samek et al, 2005)

(Vazquez de Aldana et al, 

2005)

2006(Xu et al, 2005)

(40-986) 

fs800 nm
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(Kudryashov,2006)

Ilas <Ibreak ≈ (10-50) 10
12

 W/cm
2

 Ilas Ibreak 

Electron Hall Plasma; (EHP)Ilas

2007(Lee et al, 2007)
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(600 nm)

(Smith et al ,2007)

TEMоо1064 nm

7.5 nsec7.45 µm

1.0%

1.0 ns

5.0×10
11

±7% W/cm
2

1.0%

Yb
3+

(Liekki Yb
1200

 Fiber)

2.0%

(10 µm)



  ..الضررمقدمة ومسح مرجعي عن  الفصل الأول
32 

2008(Otobe et al, 2008)

3.0×10
14

W/cm
2

0.63±0.152.0 eV90 fs(Reitze et al ,1992)

(Mao et al ,2004; Wu et al, 2005; Winkler et al, 2006)

2008

(Kabashin et al, 2008)

(380-385) nm
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(Stuart et al,1996)

(Huang et al, 2009)

FS BBS

780 nm(0.01-5) ps

0.03 ps

2009(Bien-Aime et al, 2009)

351 nm3 ns

(DOP)
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16

(1-6) Aim of the work   

(10
-9

-10
-6

) cm
3

Fused silica
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(Liu et al, 2005)
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