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Abstract

In this work we determine an optimum set of intensity parameters (W(t)) by using the standard

least-square fitting. The values of radiative transition probability ( A ), radiative lifetime (t;,) and

emission branching ratio coefficient (b, ) have been determined for the maor excited state .The

present work focuses on the absorption bands at 530.81 nm wavelength for the active medium,
which coincidences with the emission spectrum of the diode laser which is commonly used to pump

the solid state laser.
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1- Introduction

The laser active medium should have a
narrow fluorescence line, wide absorption
band zone and high quantum efficiency which
agree with the spectrum emission fluorescence
for the gpecific wavelength, these
characterigtics are cleared in solid-state laser
(crystal and glass) that is made impure with
smal amount of eements which have a
spectral transitions in the inner unsaturated
levels, like transition metal, rare earth
materials and actinides [1]. The important
characterigtic that distinguishes the solid-state
laser from other lasers (gas, liquid) is the high
density active ions that contributes to laser
action, its density is about (107 - 10%ion/m?)
when compared with gas and liquid media
which is about  (10%® - 10%ion/m®) that

means the required volume to produce definite
quantity power is small compared with gas
laser media. In addition the lifetime of the
electrons in the excited level for solid is about
(10'33ec) compared with (10'Gsec) in case of
gases, that makes the active media of solid
materials a big energy reservoir that gives a
high pulse laser energy [2].

Solid-State lasers are preferable for most
applications because of their ruggedness,
relative simplicity and case of operation but
the problem is that such lasers are not
currently available with specific operationa
parameters required for some applications. The
requirements for solid-state lasers having a
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wide variety of operationad parameters for
different types of applications have provided
the stimulus for significant technological
advancements in this field over the past
several years [3].

Neodymium ions form the basis for a
series of high power solid state lasers. In the

two most common variants, the *Nd ions are
doped into either Yttrium Aluminum Garent
(YAG) crystals or into a glass host, these two
lasers are known as either Nd:YAG or
Nd:glass. The main laser transition is in the
near infrared a 1064nm [4]. When doped in
YAG, the Nd: YAG crystal produced laser
output primarily at 1064 nm; when doped in
glass, the Nd: glass medium lases at
wavelengths ranging from 1054nm to 1062nm
depending on the type of glass used [5]. The
wavelength does not change much on varying
the host. For the relative efficiency, it is
known that **Nd :Glass lasers are more
efficient than **Nd:YAG lasers with
discrepancy up to (5%), which could be
attributed to two causes [6]:
1. High doping ratio in glass which reaches

(6%).
2. Absorption lines are wider in glass.

The critica components of solid-state

lasers include the laser material, the
mechanism of pumping and the cavity
configuration. The most  fundamental

requirement for a laser material is that it can
be easily and economically produced with high
quality in a large Sze. The host material must
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be transparent to both the pump light and the
lasing light. The optical spectral properties of a
laser material are determined by the electronic
transitions of the host. The types of ions that
are useful for laser emission in the near
ultraviolet, visible and near-infrared spectral
regions are transition-metal ions ad rare-earth
ions. Both of these types of ions have electrons
configurations that include unfilled shells and
thus have electron transitions between energy
levels within a specific shell (d-d trangtions
for transition metal ions and f-f transitions for
rare-earth ions). These give rise to absorption
and emission transitions in the appropriate
spectral range [3].

2-Exper mental work
2-1 Measurementsfor Radiative

Florescence Transitions

From the absorption spectrum and
fluorescence transitions for the solid state
active medium samples, it could be possible to
calculate many parameters that demonstrate
the sample's characteristics, where the active
medium is a collection of atoms or molecules
which can be stimulated to a population
inversion and emit electromagnetic radiation
in a stimulated emission [7]. Fluorescence is
the emission of light of a particular
wavelength as a result of absorption of light at
shorter wavelength, it is a property of some
materials and each material has a specific
wavelength of absorption and emission [7].
The calculations of spectroscopic fluorescence

transitions from the excited state “F ,,that is
the population inversion level for *Nd active
ion to the lowest sublevels (4 9/2:

4| 11/ 2> 4| 13/ 2> 4| 15/2) glves a fluorescence
lines at 880, 1064, 1350 and 1880nm
wavelengths respectively [10, 11]. In addition
to that, it could be possible to calculate the
spectral parameters for fluorescence transitions

from the excited level °F,,,, fluorescence
parameters involve spontaneous emission
probability A, radiative lifetimet ;,. Then

from the fluorescence transitions one can
calculate the branching ratio coefficient b,

and laser transition lines intensity Sy .
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The (J-O) parameters could be applied as
in equation (1) to calculate the fluorescence
line strength (S(f)) corresponding to the

transitions from the excited sate to the lower
sublevels[11].

Sep(an) = _é. VVt|é(Sa L)JP © (1)

where (W(t)) is the intensity parameters for the

fluorescence transitions calculated from the
absorption spectrum measurements with the
square numerical matrix element values

gﬂ‘)rg asintable 1.

2

|(S,L)J) isinitial manifold
|(S,L)J) isterminal manifold

Sepan) 1S calculated line strength transition

The measured values of line strength
Seom could be determined by performing

numerical integration on main basic absorption
bands to evaluate area under the curve

(d<(| ydl ) by using (L.S.F) and Simpson's

rule program using equation 2, and then the
equation below gives S, [12]:

(SDIF’

gpie?lr €n2+2)32u

K ydl )= 1S

(&) (2 +dng 9 g 2™
..(2)

where:

Kqy is the absorption coefficient at

wavelength .1 isthe *Nd ion concentration.

| is the average wavelength value of the
absorption band. J the tota angular
momentum of the initial value.

n= n(l_) The index of refraction at wavelength
I .

The refractive index values are taken for
each sample in the fluorescence Wavelengths
range as in equation 3 to implement the
calculation of spontaneous radiative transition
probabilities A, from the line strength for

excited *F,,, to *I ; manifold [11]:
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e Ush(20+1)135 9 oS Sy
¢ 3) wheret { is the measured fluorescence
where: lifetime due to all relaxation processest ., is

S isthe florescence line strength.

Arad IS the spontaneous radiative transition.
nistherefractive index of martial.

h is Planck's constant.

| is the wavelength value of the absorption
band. Now from the summation of these
transition probabilities one can find the tota
spontaneous radiative transition probability
A for each sample.

The radiative lifetime (t ;) is related to
the total radiative transition probabilities A,
of all transitions from the initial manifold (J)

to the final manifold (j ) as in the equation as

explained equation 4 [13, 14]:

tVad 4 a
fsL

-1
_a-1
= Agotal

...(4)
where A, is the total spontaneous radiative
transition probability, t°, is the radiative
lifetime.

It therefore involves the effective

average over site to the variation of Nd*
active ion environment in host materids, the

_Ag(s L )J ;(§,E)3
J

'O‘;<C—E:

emisson branching ratio transition b,
originating from initid manifold can be
obtained from the radiative trangition

probabilities A, using equation 5 [11]:

) _ Aé(s L)d (s L) Ju
bs .L )9 ;(S,L)JE 3 Ae(s T §,fuju

where § isthe summation over al terminal

manifold. f(J,j) is the theoretical oscillator

strength of the (J ® j) transition at the mean

frequency. The radiative quantum efficiency
(h.) could be calculated from equation 6 after

getting the measured fluorescence lifetime
(t7)[15]:

radiative lifetime.
Now the peak stimulated emission cross-
section (sem) could be calculated using

equation 7 with existence of the effective
fluorescence bandwidth (DI, ) as in equation

8 [16]:

B e ).(4 \C
Sem——Ag r—J);( | .)U (7
8pcn( o)D) ot J/a
where | is the peak fluorescence wavelength

of emission band and c is the speed of light in
vacuum. n(zI p) Is the refractive index at each
emission peak wavelength and Dl  is the

effective fluorescence bandwidth determined
by integration of the fluorescence line shape

(¢!, dl) divided by the intensity a pesk
fluorescence wavelength (|
equation8[17]'

« =l /Mom) ..(8)
Whlle the average non-radiative decay (W, )

can be calculated asin equation 9 [13]:
1 o
W, == a,Aw)

ty

where n,

,) & in the

..(9)

is the refractive index, Ay
radiative transition probabilities, t{' is the

measured fluorescence lifetime due to 4l
relaxation processes. As a fina remark table 2
illustrates the spectral parameter values for
fluorescence transitions from the excited

gate’F ,,, for each sample.

3- Resultsand Discussions
3-1 The Effect of the Doping Percentage
Variation upon the Radiative
Fluorescence Transition
The spectral parameter values for the four
fluorescence transitions from the excited state
(4 Fs,z) to the lower states (4IJ)are

influenced by the varying of active ion doping
percentage for the same host; this could be
indicated from the intensity parameter values



(vv(t)) that are calculated using (J-O)
theoretical model.

The fluorescence line drength values
(S(f))increase obvioudly with the active ion
doping percentage, which is clear from the
following transitions:

'F,,,® “l,,, (880 nm)

4F3/2® 4I11/2 (1064
transition

As a result the spontaneous emission
probability value A, increases according to

the fluorescence line strength (S(f)) which is

illustrated in table 2, this increase is clear in
the same two transitions above.

The laser intensity line transitions are
limited to the emission branching ratio
coefficient b, as illustrated in table 2, the
transition for the two trandsitions is shown
beow:-

*F,,® *l.5,, (1350 nm)

‘F,,,® *l.,, (1800 nm)

This is very small, so it is aways
neglected in comparison with the other
transitions. The summation of the spontaneous
emission probability values A, isillustrated
in table 2, it increases with the active ion
doping percentage increasing. The radiative
lifetime t;, is related to the total radiative
transition probabilities A, for al transtions

nm)  strongest

form the excited state *F ,,, to the lower states

(1,). The radiative lifetime varied with the
increasing in active ion doping percentage
because of the reciprocal interaction between
the active ions themselves. In low doping
percentage this effect will be neglected while
in the high doping percentage the effect will
appear clearly because of the increase in
reciprocal interaction between the active ions
that causes a concentration quenching for
fluorescence wavelengths, due to the
dynamical processes resulting from the
interchange reaction among the active ions
(ion-ion) interaction.
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3-2 The Effect of the Host Medium Variation
upon the Radiative Fluorescence
Transitions
The spectral parameter values for the four

fluorescence transitions from the excited state

‘F,,, to the lower states (4IJ) are influenced
by varying the host material Silicate (L,) and
Borate (L,,L,)samples for the same active
ion doping percentage. that could be noticed
from the intensity parameter (vv(t)) values. The
fluorescence line strength intensity values
(S(f))increase obvioudly in the transitions as
shown below:
‘F,,,® *l,,, (880 nm)

4F3/2® 4I11/2 (1064
transition

The fluorescence line strength value (S(f))
increases according to the host material, where
it is for Silicate (L,) more than for Borate
(L,) at the same active ion doping percentage,
this happened because of the difference in the
physical density of these two samples. The
spontaneous emission probabilities A, for
fluorescence transitions are related to the
fluorescence line strength transitions (S(f))

which depends on the intensity parameters
(W(t)) as shown in table 2. The same table

illustrates the branching ratio coefficient b,

values that depends on all the emission
transition probability ratio for every transition
which are determined from the excited state

*F,,, to the lower states (4IJ), it is generally

nm)  strongest

larger for the transition “F,,,®‘l,, a
(1064nm) wavelength as compared to other
transitions, which can be used to measure the
relative intensity of different laser transitions.
The probability of transition to the levels
1372, 115, 1S SMal as compared to other
transitions. This agrees with the reference [8].
Again from table 2 it could be noticed that
there is no relative variation in branching ratio
values with the host material variation. The
spontaneous emission probabilities A, vary in
accordance with the host variation, the
radiative lifetime (t©,) dependence on the

spontaneous emission probabilities A, as
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shown in table 2,thisis attributed to the change
in the intensity parameter (W(t)) values with
host variation, which reflects the local field
effect of the host on the sites of active ions. It
is observed that the decreasing of intensity
parameter values (V\/(t))especially in W,,W,

causes decrease in spontaneous emission
probability values A, and as aresult increase

in the radiative lifetime (t ;) [9], itismorein
Borate (L,) thanin Silicate (L,).

Table (1)
Numerical values of sgquare matrix elements QU (t)|2 0 calculated for neodymium ion
2

=2,4,6

transitionsfrom *F, excited state[10].

— State (s) Energy 2|2 4|2 6|2
Elile - (i, [S L'J] cmt u? U v
) AA ‘1, yyor. . 0.230 0.056
Y Vet ‘1, 0¥, ' 0.142 0.407
v vo 4|§ VoY, . 0 0.212
¢ YAAS g oto. . . 0.028
2
Note: (U') =|((‘F,)u '||(S'L')J'>‘
Table (2)

Ilustrate values of fluoresces line strength S

, Spontaneous emission probability values A, for

‘F,® *l,, radiative lifetime t [, (MSeC) and calculated emission branching ratio coefficient b, ,

Sir) ¥ 10" ®cm?units.

Sample symbol L1 L2 L3
4 "N 0
Fg (S,L")J | *(nm) S(f) A'ad br S(f) A'ad br S(f) A'ad br
I, AN 418 | 23203 | 052 | 382 | 21239 | 055 | 2.90 | 1614.6 | 0.69
2
4|% Vet 5.80 | 1826.4 | 041 | 2,79 | 880.1 | 0.39 | 3.63 | 11407 | 0.29
g Yo, 1.83 | 2822 | 006 | 025 | 385 | 0055 | 1.04 | 160.7 | 0.013
2
s VAA 024 | 138 | 0003 | 003 | 18 [ 0002| 014 | 7.86 | 0.0006
2
A(total J(sec™ Yy 4451.8 2023.9 3044.3
t® 4 (msec) 224.6 342 3285
(30) Q2 1.2 0.13 0.48
Intensity Q4 16.1 16.31 11.42
parameters Q6 8.64 118 4.92
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4- Conclusions

1-

For the same host and different active ion
doping percentage (L2=2%, L3=4%), the
gpectroscopic parameters increase linearly
with the increase in active ion doping
percentage which is agree with references
[4].

The differences in values of intensity
parameters are due to difference in host
environments associated with *Nd ion.
The main absorption band for the laser
media egpecialy for 530 nm and 810 nm
wavelengths bands coincides with the
emission spectra of the common diode
laser to produce laser a 1064 nm
wavelength which consider an important
wavelength for different applications. In
other words these materials are an efficient
laser system that is pumped with powerful
diode lasers whose pump wavelength
overlaps the strong and broad **Nd ion
absorption band whose peaks are around
530 nm and 818 nm.

References

[1]

[2]

(3]

[4]

[5]

(6]

[7]

Al-Zubaidi Sh. A., "(Nd:Glass) laser
active medium fabrication and study of its
spectra  characteristics’, Ph.D. thess,
University of Technology, 1998.

Judd B. R.,, "Optical properties of

Nanocrystallian ~ Y203:Eu™  Powder
Phospher”, Phys.Rev.127, p.750, 1962

Powedl R. C., "Physics of Solid-State
Laser Material”, Springer in Atomic,
Molecular, and Optical Physics, pp.1-27,
1998.

Fox A. M."Atomic and laser physics",
Part 1l: Laser Physics, pp.24-25, INT.,
2005.

Silfvast W.T., "Lasr Fundamentas’,
Cambridge University Press, pp. 146-455,
1998.

Al-Hadeethi ST, " Spectroscopic
Assessment of Nd: Glass laser media
using Judd-Ofelt model”, M.Sc. thess,
Saddam university, pp.12-13, 1999.

Arieli R., "Glossary of Laser Definitions:
The Laser Adventure”, pp.1-2, INT., Jan.,
2004.

AA

Adawiya J. Haider

[8] Kumare G. A., Biju R., Unnikrishnan V.,
"Evaluation of Spectral Parameters of
Nd** lon in Borate Glasses. Part 2. Judd-
Ofelt Parameters’, Phys. Chem. Glass,
Voal. 40, pp. 219-224, 1999.

Kumar G. A., Biju R., Venugopa C.,
Unnikrishnan A "Spectroscopic
Properties of Nd* lon in Phosphate
Glasses', J. Non-Crys. Solid, Vol. 221,
pp. 47-58, 1997.

[10] Sardar D. K., Yow R. M., Coeckel enbergh
C. H, Sayka A. and Gruber J. B.,
"Spectroscopic Analysis of Nd3+(4f3)
Absorption Intensities in a Plastic Host
(HEMA)", Aug., Polym. Int., 2004.

[11] Choi J.H., Shi F.G., "Spectral properties
of Nd* lon in New Fluorophosphates
Glass Judd - Oflet Intensity
Parameters’, the international symposium
on photonic Glasses", San Jose California,
USA,2003.

[12] Zahir M., Olazcuaga R ., "A structural
interpretation of the Pb?* Eu®" and

Nd 3" Optica Spectral doped in Sodium
Borate Glasses’, Vol.69, pp.221-229,
1985,

[13] Reishfeld R., Jorgensen C., "Laser an
Exited states of rare earths', Vol.1,
Springer Verlag, Berlin, New York, 1977.

[14] Drake C., "Object Oriented Programming

[9]

with C™and Smadlltalk”, College of
engineering, University of Illinois at
Chicago, 1998.

[15] Brown D. C., "High-peak-power Nd:
Glass laser system", Springer series in
optical science, Vol. 25, Newyork, 1981.

[16] Payne S. A., Chase L.L., and Krupke W.
F., "laser action in Eu-Doped Gan thin-
film cavity at room temperatures’, |[EEE J.
Quantum Electronics.28, p.2619, 1992.

[17] Gan F., "infrared Glass Optica Fibers and
their Applications’, SPIE Vo0l.3416,
pp.134-143, 1998.



Journal of Al-Nahrain University Vad.14 (3), September, 2011, pp.83-89 Science

-

Ll
COlalaal de gena Jumil aaad Caadl 1
el il sl o by (W) s
ad o Jsasll ! (lest- sguare fitting)
gl sl eall 5 (A L) ) il ALl
(b,) eled¥) ¢ & dus ddaay (1, (mMseC)
o Galiall 5a Gle S e el 5 sl
Alad) 4,5l Lle U (530, 810 NM) ikl cibaa)
Sl Gl g kB ) 5 Gl b deddiea)
W o5l asdal g Ayl sladl ol
Aulall A @30 G b Hasi)

A4



