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Abstract—In this paper, the absorption and fluorescence Also we obtained an exponential temperature dependency
emission spectra of YbzAlsO,, (YAG)(25 at%) crystal as a disk for the emission and absorption cross sections lnfYXG
laser medium are measured at high temperature 4308). The crystal by fitting the experimental data.
absorption and emission cross sections of Yb:YA@stat are
determined using Reciprocity method. Temperatungeddence of )
941nm absorption cross section and 1031nm emissmss section Il. OPTICAL AND PHYSICAL PROPERTIES OFYB: YAG CRYSTAL
is extracted in the range of 300-450K. Accordingtm experimental Ytterbium YB3 ions are ideally suited for diode pumping
results, an exponential temperature dependenceebrt®00K and gjnce it has a very simple energy level scheme détsirable
450K is acquired for the 1031nm peak emission cezsdion and properties for a laser system. As shown in Figthere are

also for 941nm peak absorption cross section ofY®k crystal. . o5t
These results could be used for simulation andgdesi high power ©Nly two energy level manifolds, the ground stdig, and an

highly doped Yb:YAG thin disk lasers. exited statéFs, separated by approximately 10000cid].
The next higher level is in the 5d configurationiethbegins
Keywords—Yb:YAG crystal, Emission cross section, Absorptionnear 100000cth The crystal field splits the 4f manifolds by

coefficient, Temperature dependence, Reciprocithote. approximately 700 cth consequently Y lasers could be
categorized as quasi-three level laser at rooméeeatyre [5].
. INTRODUCTION The host YAG has high thermal conductivity, exaatle

N recent years, Yb:YAG crystal has attracted muténdon physical and chemical properties and is mechagicalbust
as an active medium for high power solid state rfase and optically isotropic. So the Ybion doped YAG crystal is
Because of wide absorption area, optically pumpmdid state a desirable candidate for high efficiency and pghver
lasers using Yb:YAG may operate over a wide ranfle applications [4].
temperatures. Optical elements in a typical lagsomator

(e.g., mirrors, beam splitters, etc.) show no vemeof optical 2F,, 5o B:”:f"‘;’;’;(l)’O‘f‘:giO“
5 S k10,93 (T =0,
F s Y

properties over a wide range of temperatures [bjvéler, the ke=10,624/cm ¢ (T_300K)=0.772
emission and absorption cross sections of the @epend on i
temperature so that these variations will affeat thsing
performance and characteristics, such as threshmithut = E
power, pulse width and etc [3]. = Py
Laura D. Deloach et al studied absorption and eatiss = s
properties of YB-doped YAG crystals at room temperature
[2]. Dong et al also studied the temperature depecd of the
emission cross section of Yb:YAG below the room
temperature [3]. However, the study on the vanatid the 2R K=785/cm o
emission cross section of Yb:YAG(25at%) above themt B, kO OK)0.876
temperature is more favorable for high power |agsigners. s

In this work the emission cross section is evalliaising  Fig. 1 Energy level scheme of Yb:YAG 'S are the relative thermal
the method of Reciprocity. The experimental eviderior  occupancies and the'kdenote the wave number for different levels
temperature dependence of 1031 nm peak emissioss cro with regard to the ground level [6]
section and 941 nm peak absorption cross sectidtb at%
Yb*-doped YAG crystal have been presented as well
(between 300K and 450K).

IIl.  TEMPERATUREDEPENDENCE OFABSORPTION AND
EMISSION CROSSSECTION

A. Measurement of the Absorption Cross Section

Mohammad Esmaeilzadeh, Hadi Roohbakhsh and Amie@Gtzieh are According to Lambert-Beer law, when a light withtramce
with Iranian National Center of Laser Science aedhhology (INLC),P. O. intensity of | passes through an absorbent crystal with
1465733441, Tehran, IRAN. (phone:+98218837342%:;#882188373424 ; . . . . L i
e-mail: hadi.roohbakhsh@gmail.com). thickness of L, the transmitted intensity, |, isjaiced as:
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| =1, expEal)
Changing Neperian logarithm into decimal form, the
absorption coefficient could be expressed as falow

a(v) = 2303L " log(l._ /1) @)
Comparing with the equatiom(v )= Nd.o, (V) , the

(1) Where Z, the partition function, is defined as:

Z, =Y d,expCE,/KT) )
k

At high temperature, the partition functions aray equal
to the degeneracy of the two states [2]. In eacte,cshe
energies E and the partition functionsZ are measured from
the lowest crystal field level of th&,, (I), and the’Fs,,
(U), electronic states.

Considering reciprocity principlel; = J;;, and division of

absorption cross sectian,,  results as:
O.(V)=2303(LNd) log(l./1) @)

L is the thickness of the sample (Yb:YAG crystal)is the (g5) b (6), we obtain an emission cross sectioteims of the

doping(25at%), N is the concentration of*¥ons and equals absorption cross section. It is also helpful toirefin energy

0 i 0,
to 1.36x16" ions/cnf for 1at% [7,10]. parameter, the zero-line enerdly, , as the energy separation

between the lowest components of the upper andrlorystal

The Emission cross section is determined by usitigere field states. Thus, a particular energy separatioold be
Reciprocity method (R-M), or Fiichtbauer-LadenbufgL) Wwritten as:
formula. The obtained emission cross section using
Reciprocity method requires absorption cross secamd
detailed knowledge of energy levels and degenesaafieghe
system. On the other hand, the input parametershior-L
formula are the emission line shape function, tadiative
lifetime and the refractive index. Theoretical deta 7
concerning determinations of the cross sectiondmeussed in O.n(V) =0, (V) =—exp[(E, —hv)/KT] 9)
the following subsection [2]. Z,

1. Fuchtbauer-Ladenburg Equation Wherek ,h andE,, represent Boltzmann constant, Plank

The fundamental relationship between spontaneows afhnstant and the zero line energy. For Yb:YAG alst
stimulated emission rates in the Fuchtbauer-Ladenffe-L) /]ZL(z EZL/V) is about 968.3nm at room temperature [5].

equation allows a straightforward calculation of #mission _ h q ] ) hod i
cross section using input parameters such as emispectra, €€in, we have used Reciprocity method to evaluae
emission cross section.

radiative lifetime and refractive index. Thus ra&aship

B. Measurement of the Emission Cross Section

Ej—Ei =hv-E, (8)
Now, the emission cross section is readily fornedatom the
absorption cross section with energy level parambtg ,

Z, andZ,, as follows:

between spontaneous-emission distribution and @migsoss
section distributiowr, (A)is [8], [11]:
1 2

_ 1 I(A)
TenlA) = g s [r(MAda @

C. Experimental Setup

Experimental setup for measuring the optical aksmmpof
the Yb:YAG crystal is shown in Fig. 2. We used aZ29R0
spectrometer as the measuring instrument from OGgaiTs
Company. The spectra resolution, the ratio of tigmatd to

. o i i d th length f thi t t
Wherer is the radiative lifetime of the upper laser levelis 802|Zer>]manl'25(e) \;V:(\j/ e;gg.ll(gggg]e rgspe:jinK/eclgorE‘:dgr

the velocity of light in vacuum, an@l is the refractive index survey the temperature dependence of the absorptien a

at the emission wavelength, ah@!) is the emission spectral wide range of temperature from 300K to 450K by skep of

intensity of emission of the \?bions[S]. 10°C, we placed a 1mm thickness, 25at.% Yb:YAG disk
2. The Method of Reciprocity sample in an aluminum disk holder and put it insidelosed
The basis of Reciprocity may be described by thission loop oven with thermal stability ¢f 0.1°C/minin the light

and absorption cross sections written in termshef énergy path of the spectrometer. A precise pivot has hiesigned for

levelsE, and degeneraciek. The summation of the individual the sample holder so that enables us to removeubtthe

cross section between thi¢h lower and thg th upper energy sample in the light path inside the oven easilyhwiit any

level can be formulated to describe both absorptioni Cchanges in optical setup.

emission cross section[2]:
expE. /KT
Oen(V) = Zdj %Uﬁ v)d, (%)
ij u
expE /KT
0= 34 X5 D5 ), @
ij | v A /' Lens

Fig. 2 Schematic view of the experimental setumieasuring the
optical absorption of the disk crystal
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D. Results and Discussion

Fig. 3 represents the absorption coefficient of YWAG
crystal sample at different temperature from 300K450K.
The absorption coefficient of this crystal decreafsem about

The relationship between the calculated absorptimss
section of the Yb:YAG crystal and the temperatutethe
wavelength 941nm is shown in Fig. 5. Fitting theenmental
data with an exponential function, we obtainedtdmaperature

26cnmit to about 19cim as the temperature increases fronflependence of absorption cross section as:

room temperature to 450K.
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Fig. 3 Experimental measured absorption coefficiérbat%
Yb:YAG crystal in the range of 300-450K

As illustrated in Fig. 4, the absorption of ¥bn Yb:YAG
crystal occurs in the wavelength range of 910-1@40fhere
are four main absorption bands lied at 916, 941, 9031nm
attributed to théFs,—2F, transition of Y5 in YAG crystal.
The strongest absorption peak occurs in 941nm, thed
absorption Full-Width at Half-Maximum (FWHM) is abio
19nm and the peak absorption cross section is 0.8 at
room temperature. A wide absorption band means |#zatr
crystal can accommodate some thermal shift of thepplight
wavelength, while the output power of the laserais stable.
Moreover, the large absorption cross section méaatslaser
crystal is easy to realize laser diode pumping [7].

Fig. 4 clearly shows that, as the temperature increases fr
300K to 450K, the maximal absorption cross sectioops
from 7.5x10% cn? to 5.49x1C* cn?, whereas the linewidth

rises almost from 19nm to 24nm.
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Fig. 4 Experimental measured absorption spectrugbat¥
Yb:YAG in the range of 300-450°K

0.4 =94TmT(K)) = (L82+ 602x

(10)
exp(R73-T)/279))x10* cnt
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Fig. 5 Absorption cross section of 25at% Yb:YAGaasinction of
temperature

According to the measured absorption spectra, ieston
cross section has been also calculated using Reitypr
method (Eq.9). At first, the values of the partitilmnctions of
the lower and upper energy levels should be ewaduasing
the equation 7 at different temperatures. Therrdltie of the

partition functionsZ, /Z,,, should be extracted. Some of
these calculated values are listed in table 1.

TABLE.I
THE RATIO OF THEPARTITION FUNCTIONS AT DIFFERENT TEMPERATURE

Temperature (K) ZI Zu ZI / Zu
30C 1.143: 1.471¢ 0.776¢
320 1.1722 15161 0.7732
350 1.2188 1.5796 0.7716
380 1.2678 1.6391 0.7735
40C 1.301¢ 1.676¢ 0.776:
41C 1.318¢ 1.694¢ 0.778(
430 1.3527 1.7298 0.7820
440 1.3700 1.7467 0.7843
450 1.3873 1.7632 0.7868
46C 1.404¢ 1.779¢ 0.789:%

The emission cross section of Yb:YAG(%25) crystal a
different temperature is depicted in Fig. 6. Thare several
emission bands in the wavelength range of 930-1L@46ithe
spectra. One could easily see that four peaks apgethe
wavelength of 941, 971, 1015, 1031nm attributedthe
transitions between the lowest energy level of texcistate
%F;» and the ground state lev&#;,. In the Yb:YAG crystal,
the peak at 1031nm is the strongest emission padktte
corresponding emission cross section is about 203 %cn?
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at room temperature. This value drops to 1.22Rt07 as the
temperature rises to 450K.
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Fig. 6 Experimental measured emission spectrunbafid

Yb:YAG at different temperature from 300-450K

The temperature dependence of the emission crotisrse
of the Yb:YAG crystal at the wavelength 1031nmliswn in
Fig. 7. Fitting the experimental data with an expuial
function, we obtained the temperature dependeneenafsion
cross section as:

Oun(A =1030MT(K)) = (044+ 950x
expET 165)x10 % cn?
25 | N
z, \\
~
1 \\\
—~———
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Fig. 7 Emission cross section of 25at% Yb:YAG dsrection of
temperature

IV. CONCLUSION

The obtained results show that spectroscopic ptiegeof
Yb:YAG crystal at high temperatures (300-450K) eliffrom
the room-temperature properties so that the aksorgnd
emission cross sections are strongly affected mpégature.
According to our experimental results, an expoménti
temperature dependency between 300K and 450K indas
for the peak absorption and emission cross seofiofh:YAG
crystal. In disk laser configuration, different éag of the
crystal have various temperatures based on thangoahd
pumping mechanism and geometry. So, In order tce hav
more realistic and precise estimation of laser paters in the
simulation procedure, one should consider theseirdd
temperature dependency.
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