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Abstract

Conventional faser composes of one laser medium which mainly determines the laser
properties which are spectral and temporal characteristics of laser system. Therefore, the laser
properties and performance are predé:tennined. Moreover, they are restricted by the limited choice
of the laser medivm. An additional way of improving the laser performance is using a combination
of laser media which is called as a hybrid laser or an unconventional laser system [5] [6-21].
Instead of using different types of laser rﬁedia, this work used two inhomogeneous laser media,
neodyminm phosphate glass and neodymium silicate glass. In order to predict the behavior of laser
in general, the laser gain profile is often analyzed [S]. The computer simulation showed the
unsaturated gain profile of hybrid taser can be manipulated by applying input energy to both laser
media. The results of unsaturated gain profile showed that the gain linewidths were broader and
flatter than the gain profile of neodymium phosphate glass laser or neodymium silicate glass laser
alone. Therefore, with the proper applied energy, the unconventional laser could provide more

stable and shorter laser pulse duration than the conventional laser alone,
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Transition Wavelength (nm)  Emission cross section ( 107% ¢m?)
(A)>(1) . 1060 : 100.1
(A)>(2) 1070 43.9
(A)>(3) , . 1082 16
(A)—(4) ' 1091 152
(A)—=(5) 1094 L6
(A)(6) 1100 . 29.7
(B)—>(1) 1044 48.3
(B)—>(2) 1653 96.0
(B)—>(3) 1065 1.6
B)—=(4) 1074 276
(B)—>(5) 1678 ' 12.0
(B)—(6) 1083 35.6
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Glass Type 1L.G760 LG680

Neodymium Laser Properties Phosphate glass Silicate Glass

Peak Emission Wavelength 1054 1060
(nm)

Fluorescence Linewidth 19.6 28.2
(nm)

Emission Cross Section - 450 ° 2.54

(10 cm?)

Peak Absorption Wavelength g - 8015 807.5
(nm)

Radiative Lifetime 300 360
(ns)

Refractive index n 1.5080 1.5600

Heat Conductivity (K) 0.60 1.35
W/(m.K)

Thermal Index Gradient (%) -6.8x10°° 2.9x10°

(1/K)
Linear Thermal Expansion Coefficient (B) 12.5x10°° 9.3x10°¢
(1/K)

Nonlinear Refractive Index 2.83x10°1¢ 43x1071¢

(cm*/W)
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3.1 TauSndtaiwosTanaa (Hybrid Laser Model)
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7a(Vi)=ZNa(V§a)0'a(V§aaVi) (3.1)
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T, (Ve V)= 0,8,(v,,v;) (3.2)
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di(v,

Elf‘)*“fﬁ("i)ﬁ’[h(vi)pm 7, (VP V) + 1, ] (33.2)
AN, () _Noo(v3) Iv,) N,(v)

el Tf“ 'Na<V.:a)2®§aa(vgmvi)—1§—‘{;il-—zf~— (33.)
dNb(ng):Nbo(vgb)_N v &)Egz%(yw !)I(V) Ny (va) 33.0)

dt 7, hv, 7,
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T, o cavity round-trip transit time & o round-trip cavity loss p,, 8% p_, fo szoznsluaz
AR (round-trip lengths) YVOIMTIalses « uas b wWddU Fums (3.3.2)
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iHaeMINUYes MTiewes @ uay b dannisnuesduYIeveIduNs (23b) 1az23.0 Ry
HON1IINNTS pumping “ﬁﬁ!ﬂuwﬁiﬁtﬁﬂ unsaturated population inversion N, (v,,) Tauii
Gaussian distribution 11 Ny (vg) 7,002 7, HNUA upper state lifetimes Y89 @13 1yes a
uay b iy doufiaevesduunts Wumaien stimulated transition A1 2° 1WA 1
&34 ring resonator 4A% 2 §1%$1 standing wave resonator 1HBsNT MmN A WIS UNAN
110 atomic relaxation Tumsdmsudednavauyd¥ 7, nag 7, iatesnd1 T, wn el

sEU A0 steady-state Taofaunusiii loss tazasnsoirIiidodeaunis Tuaildh

'Zrao(ygaavi)'_'_zrbo(vszavi)=1 (3.4)
Ve 1+Sa(V§a) Ve 1+Sb(vfb) ’

¢ o

Taofi r waz r, Suswnuiwybidudivesvesamsaseinaes

Nao (Vfa )o-a (V§a » Vi )pm, a
o

rao (Vga’vi) = (353)

NV )o, (Vg Vi D 0ms
)

T (Vg Vi) = (3.5.b)

S,4ag S, HUNUAT saturation parameters:

I(v)

hy,

1

S, (:)=2%7 > 6,(¥,.v.)
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5,8

=22 E, (v ) (3.6.0)

Iy,
S, =2%7, % 0, (Vs ¥;) (];)

h

1

). (3.6.)

— (v,
=2°3" 8, (Vs Vi) v,
v b

IS

¢

a1y I ez I, i homogeneous saturation intensities YBITTIAIYDININDI

1, = \ (3.7.)
’ O'aﬂra
h . a .\.
I, = | (3.7.b)
Ol
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