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ABSTRACT

A mathematical model is presented to describe the dynamic emission of a Q-
switched frequency doubled Nd** -YAG laser (1064 nm) with a KTP nonlinear
crystal (Frequency doubling). A Ti:sapphire crystal has been introduced in the
system (which was coupled with the NLO crystal) and pumped with the second
harmonic generated wavelength (532 nm). The system generating the first and
the second harmonic wavelengths was used to pump a gain-switched
Ti:sapphire oscillator in order to generate a single wavelength at 780 nm.

The model offers a simple mechanism to investigate the impact of the
variations of the input parameters (maximum amplification coefficient,
pumping rate, loss coefficient, and pumping density) on the output pulse
characteristics (delay time, pulse width, pulse build up time, duration and
peaks maxima of the Nd** -YAG pumping laser). Moreover, this model allows
studying the gain-switched Ti:sapphire output characteristics as being pumped
by the second harmonic wavelength (532nm).

Numerical results showed that the maxima of the output photon density,
pulse width, delay time, and pulse duration are very much dependent on the
power variations of the pumping source.

Key Words: Simulation, Dynamic emission, Q-swiched, Nd:YAG
Laser, Ti: sapphire crystal.

16



2009 (25)

11,2]
[3]

.[4,5]

(660-1100 nm)

[6,7]
Nd&**:YAG

[3,8-12]

Nd&* :YAG

J12] '

17



Nd&*":YAG

- Nd&** :YAG
( - )
- Nd&>* :YAG
( )
N&** :YAG [3,8,9,12-15]
.532nm
Nd** :YAG -1
Nd&* -YAG
D, (589nm)

A =1064nm ,(SH 532 nm)

[16]
(1) Nd**
4 1
3
AN =1064 nm 2
aﬁi‘f =8.8107" cm? A =1318 nm

[16] 03! =2.910™" cm?
X;Vd =1064nm ,(SH .532 nm)

18



2009 (25)

4
¥y, —————————— 11507

11423 4113,2

4
T2

<
<

(a)
[16] Nd* -YAG

w9
by

2 y
}24 &
Ny WY

~
z O
/
L] /
el f:./
>
l
< &W
Eﬁ >
;ﬁ >
»

3 A |:‘|>
P b B., —>
52\ 42 }%4
N \ 4 \ 4
2 A
P,
P, P, 13
12 [gl 31 }21
Nl A 4 Y \ 4 \ 4
3+
Nd’ -YAG

Y
“;Z—t =G -DY -2B, (Wi UYY

19

1064nm 532nm

4500
4440

4055
4034
3933
3924

2514
2461
2146
2110
2028
2002

1.3187
1.06415

(b)
(1)

A

2
Nd** :YAG

13,16,17]

M



G, =[2y (P, —P,)]/Q2y + Py +Py), (0 =2,3)
D, =[2y (P, +P,,)+2P, (P, +P,;)]/Qy +P, +P,)

N&" -YAG
:[13,14]
dUNd UNd v de (0)
— 2 —Tvu(yY K, UM ——L 4 P 2
d[ [ IU(Z loss )] P z‘i\[d ZLNd ( )
E3 E4 B43 B
E4 E3 P41 P31
E4 Nd3+ P43 E1
l//:(1054/(1354 + P +P51))(315U5n1lax) '(2 ) E3
W41;/d ES El max
[13] B U3
Usrrlmx = _[BISUSI(V)dV Bls
v (i=1,2,3)E, E, Py
: 4Y) :Up
Nd**-YAG Y /
Kiss  (N&** )
v=c/n Y
n ¢ Nd&**-YAG
Y =(N,—N,)/Ny =ANY(@)/N,, N&-YAG
LNd TCNd
N&*-YAG
: N&** -YAG - -2
[3,12]
dN" (¢t wh . N (¢
O _ oy, o N € v (o o -2 0 &)
dt » n ZTu]

20



2009 (25)

XNy Nd-YAG -
— (04
W )
77 Tul
:[12,18,19]
Ti Ti
WO YO, < N ) 0" 0+ 1-KU" ) @
dt 7 1
( )
U +1
1
(extra-photon)
18]
C T Oem
(18]
o oA, U, 17 ¢, on ; 217 ¢ o iy 1
of, =AMl B T (), U a2l + 2 [0, U A G, T
A
Z,j]:i m —_ )i’r]r;lL
al Av gr
7. 6w u, U,
c T .

21



KTP 3

small signal )
(approximation

:[20,21]
sin®(Ak, ) Ly /2) . 87dy Ly, W,

= ~ 2
e ! (Ak,,), L, /2)2 o 50771[077;)772256'(1”2@ ) W, )

(phase mis-matching coefficient) Ak
( ) 20 2] def]a()
Wi, W, M s 1
KTP -
-Lnk
2 ®
P, =AW, cU,(1-|R,[)/2n,
P2a) :77217Pa)2 /A -
2
(1_|R2| ) Wlf
. A=rw,/4
(4) - (1)
.(stiff nonlinear differential equations)
~ Nd*"-YAG
(Runge — Kutta)
)
Nd**-YAG (

(1)

22



2009 (25)

. [1 :336:839: 12_20]

Y(O):% , (U;,Vd (0)), =1x10” (ph/cm?’), AN™ (0)=0.0 (1/em’), U (0) =10 (ph/cn?’)

- Nd**-YAG 1)
(Ti:sapphire)
KTP
P, 107 5" o 230 s
P, 33x107 s | O e | 3107 | em?
P, 350 57! R, 100% -
P, 840 5! R, 67% -
P, 4000 57! R, 76% -
B, 575.65x10" | em® /Js L 18 cm
P (5-40) cm”! Tl 32 -
W, (i =12)| 373x10" J N" 3x10” | em
v 435 5! v 3x107"° s
K. 0.005-0.1 cm™! 7% 0.7 | pm/V
Ly, 11 cm A 2.3x10% | cm’
/4 1.82 - Ak(A )L, | 2x107 -
u 0.55 - oy 8.8x10" | cm?
W, 2.479x10°"° J o, |411x107 | em?
o 0.003 em ™ Al 780 m
7, 230 s A S32(SH) | pm

23



(a)

-

vt gg” [f‘"f"'m‘ji

L]

3

(c)

2

50 75 100

1t [nsf

25

3)
Nd*-YAG

( )

1

w=43.5s" ,=40cm ()
K, =0.01,0.02,0.03cm™

loss

-1
s v =43.5s" (b)
321 7 =30,35,40cm™

K, =0.02cm™

x=40cm™ K, =0.02cm™ (o)
321 w =43.5,50,60s""

24

»

2

-

3)

(a)

76

(a)

o
2t

[ ©
al w= 60
al w= 50

]\ /\=43,5
00 25 50
t [ns]
(4)
Nd3+-YAG
y=40cm™ y=43.5s"
1 K,. =0.01,0.02,0.03cm™

3

K, =002cm™ y=43.5s" (b)
7=30,35,40cm™

y=40em™ K, =0.02cm™ (c)

w =43.5,50,60s""



2009 (25)

U Nd
max Uf])\]d
(monotonic)
Ny
(4)
Nd**-YAG
(4)
Nd*-YAG
Nd*-YAG
Nd*-YAG
Nd*-YAG
)
(
Nd**-YAG
(5)

Nd**-YAG

25



1
5 2
4
3 3
2
1
2
@ 1
E 4 2
o
© 3
7 m
*. 1
> J 3
6 1
4.5 2
3 3
15 J l \
0 15 30 45 60 75 90 105 120
t, ns
®)
7=40cm™ y=4355" (a)
21 K, =0.01,0.02,0.03cm™
3
w=43.5s" K, =0.02cm" (b)
321 7=30,35,40cm™

_ -1
(K, =0.02em™ <X =40em" ()

loss

Sl e 32 (] cgaidl W =43.5,50,60s™"

| (@)
08t 2
3
0.4}
0.0
120
3 (b)
_-:E 08 7=40
“: - ;t: 35
% =30
Sl —— A
v=60 (©
08
0.4}
o 2 100
(6)
w=43.5s" y=40cm™ (a)
K, =0.01,0.02,0.03cm™
321
w=435s" K, =0.02cm™ (b)
7 =30,35,40cm™
x=40cm™ K, =0.02cm™ (c)
w =43.5,50,60s"
(6)
Nd&*-YAG
©)
) N&*-YAG

26



2009 (25)

Nd*-YAG
3.2us -

cav

27



(phase mis-match)

Nd&*-YAG
(7) :
):
- (Nd*-YAG
18 1 (a) (a)
ol . K, =0.01,0.02,0.03cm™
1 kk \ x=40cm™ y=60s" :
, . Ko .
s | 2= 40 ® (b)
= o 7=30,35,40cm™
x’,a 2 k R w=60s" K, = 0.0lcm™ :
K A _— .
o
12F w=70 (c) (C)
) . w =50,60,70s™"
al w= 60 -
A K= 50 Z:4OCm71 K]oss = O.OICIH_I
un 256 50 76 100
t fns]
- ()
[6] (8)
N&**-YAG
w=49s" K, =0018m" y=40cm™ :

LTi

nle

=2.lecm L'=10cm L=17cm

28



2009

(25)

10" [pheem’]

o
us,
’

(a)

(b)

71 ns

Nd*-YAG

%‘ 06
(b}
[6] 8)
(@) Nd**-YAG

(L7, =10ecm L' =10em [=17em ¥ =49s" g, —0018em” ¥=40cm™)

(8)
) :Nd**-YAG
(

4.7 ns : -
.11 ns
1064nm Nd*-YAG
KTP
) (Nd*-YAG
(
KTP
N&**-YAG

29



REFERENCES

[1] N. J. Vasa, M. Tanaka, T. Okada, Macda, O. Uchino, “Comparative
study of spectral narrowing of a pulsed Ti: sappnlre laser usi 5% pulsed and
CW|nJect|on seedin é; ,J. Appl. Ph Iys B (Laser and Optlcs) 62,51-57 (1996).

[2] G. A. Skripko, Bartoshevich, 1. V. Mikhnyuk and G. Tarazevich,

L|B a hi hI efficient frequency converter for Ti: sapphlre lasers”, Opt
Lett Vs NI )y 13, (1991

[3] J urray and Harrls “Pulse lengthening via |nternal second —
harmonlc generatlon Journal of Applied PhyS|cs W) (1970).

[4] A rey, “Modellng of Iongltudlnallg/ ﬁum ped sapphlre laser
oscnllator IEEE J. Quant. Electro V(2 ),

(48;760 -766, (1989

[5] S. G. Bartoshevich, G. A. Tarazevich and Skripko,

“Efficient difference frequency OSCI ator Based on a T| Sapphire laser”,
IEEE Journal Of Quantum Electronlc V(27), N(10), (1991).

[6] P. F. Moulton “S ectrosco ic and laser characteristics of Ti: Al, O3”, Opt.
Soc. Am. B V(3),

[7]1 P. F. Moulton, “ n |nve5| ation of thec Iaser system”, IEEE
Journal of Quantum Elect.V.QE-21, N(10) 1582 1§95

[8] C. E. Byvik, and A. M. Buoncrlstlanl “Analy5|s of V|bron|c transitions in
titanium doped sapphire usin ? the temperature of the fluorescence spectra”,
IEEE Journal of Quantum Electronics (ZV& (10) 1619 1624, (1985).

[9] J. M. Eggleston, L. G. Deshazer, “Characterlstlcs and
kinetics of laser pumped T| sapphlre OscHIa ors IEEE Journal of
Quantum Electronics, V (34) ,N 6??

[10]A Mohamed, J. A. Pruvost, I, Ri et M Lefebvre, E. Rosencher and D.

Binks, “Laser Diode Injected Intracavity-Doubled Ti: Sapphire laser for
Sln le —\Mode Tunable UV Sources”, IEEE Journal Of Quantum Electronics
V(37), N(2), (2001).

[11]Ci- Llng pan, Nen-Wen Pu., and Jia-Min Sheih, “Dynamlc pulse build up in
continuous — wave passwely mode —locked picosecond Ti: sapphire /DDi and
Ti: sapphlre/IR140 lasers”, Chlnes Journal of Physics 37, 4, 361-379, (1999).

[12]F. Song, J. Q. Yao, D. 'W. Zhou, et al., “Rate —equation_theory and
experimental research on dual — wavelength operation of a Ti: sapphire
Iaser” Sprlng Verlag 605-610, (2001).

[13]B. | anov, “Calculation methods of optical quantum generators 117,
Mlnsk a ka, (|n Ru53|an) (1968).
[14]M. Soukieh, B. Abdul Ghani, Hammadi, “Numerical calculations of

|4nltral%wlt 7dye % swnched ruby laser”, Optics and Lasers in Engineering,

[15]R. Sheps and J. F. Myers, “Dual-wavelength coupled —cavity Ti: sapphire
laser with active mirror for enhanced red operatlon and efficient intracavity
sum frequency generation at 459 nm”, IEEE Journal of Quantum
Electronlcs (3(% (%f 1050-1057, (1994).

[16]G. A. Henderson A computational Model of a dual — wavelength solid state
Iaser J. Apgl Phys. 68)4 1|)_ 5451 5455, 1990)

[17]H. S in, R. R. Zeng, C. H. Huang, and Zhang,

Com utatlonal model ofg SWItCh Lo, dual —wavelength laser”,

hys. V(84), N(12), 6519-6522, (1898]"

18 A E Slegman Lasers Sausalito Callfornla USA (1986).

19]A. V. Klryanov V. A, Abortes et al., “Second-harmonic generation by
Nd** "YAG laser_pulses with chan%lng state of polarization”,
V\})tlcal Society of America, TB4-3/331: TB4-1/329, (1999

Koechner,*Solid -State Laser Engineering” Sprlnger erlag, (2005).
II_ Rﬁggggi Sutherland, “Hand Book of Nonlinear Optics”, Marcel Dekker
nc

30



