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Optically active Er—Yb doped glass films prepared
by pulsed laser deposition

R. Serna,® J. M. Ballesteros, M. Jiménez de Castro, J. Solis,
and C. N. Afonso
Instituto de Optica, C.S.I.C., Serrano 121, 28006 Madrid, Spain

(Received 2 March 1998; accepted for publication 5 May 1998

Active rare-earth B —Yb®' co-doped phosphate glass films are produced in a single step by pulsed
laser deposition. The films are multimode waveguides and exhibit the highest refractive index,
optical density and 1.54m photoluminescence intensity and lifetime when deposited at low
oxygen pressureR,,<4x 10"° Torr). The density of the films obtained under these conditions is
higher than that of the target material as a consequence of the high kinetic energy of the species
generated during ablation. Luminescent emission can be excited by optical pumping ‘ther&r

either directly or through cross-relaxation of the 3Yb Post-deposition annealing allows us to
improve the luminescence performance. 1©®98 American Institute of Physics.
[S0021-897€98)00316-9

Active planar waveguides are required to develop phothe PLD of complex oxide films. Nevertheless, to our knowl-
tonic integrated circuits. Pulsed laser depositifD) is a  edge, the role oP,, in the photoluminescence intensity and
recently developed technique which is compatible with depolifetime of rare-earth doped films has not yet been addressed.
sition in gas environments and has been applied successfully PLD is performed by focusing an ArF las&r2 ns, 193
to grow a wide variety of multicomponent materials in thin nm) at 5 Hz onto the target (2 J/@n at an incidence angle
film configuration. It has been shown to be especially suitedf 45°. The substrate is held at room temperature at 26 mm
for the development of films for optical applicatiohdhe in front of the target® The deposition is carried out either in
deposition of planar waveguides by PLD has been demoriacuum(base pressurex710~’ Torr) or in oxygen which is
strated, and most of the effort has been focused on achieviri@ynamically allowed into the chamber up tB,~4.4
films of good epitaxial quality. As a result crystalline films of X 10~ Torr. The target is an Bf-Yb®" co-doped phos-
optical materials with large nonlinear optical coefficientsPhate glass with nominal composition® 67%, SiQ 1%,
(LINDO,,2 LiTa0,,% Co:BaTiO,%) and more recently, wide Al20s 4%-5%, BaO 14%, S; 3%, Y;0; 7%-8%, EfO;
band gap materials doped with rare-earth i(Bs:Y,05 for 2% and YBO; 4% in weight. The real part of the refractive
electroluminescent  displays, and  Nd:Y,AlLO,,,¢  ndex(n) of the target glass is 1.5510. _

Nd:Gd,Ga0,,’ for laser-gain medighave been produced by In_order to produce tlhe wavegwd_e_s the f!lm§ were grown
PLD. In spite of the advantages of glasses for developing?’n silicon substrates with a 3Am silicon dioxide buffer
active waveguides, and although the growth of multicompo @Yer (SI/SiQ) and up to a thickness of1.5 um. Their
nent oxides by PLD appears to be the most successful rc)uttg‘;haracterlzatlon has been done at 633 nm by using the dark-

the number of studies devoted to the production of glass he prism coupling configuratioff. Propagation of at least
films by PLD has been very limite2° wo optical modes was observed for all the films, which al-

. : Lo .. lowed us to determine simultaneously the refractive index
Incorporation of the rare-earth ion erbium in waveguides

allows the development of lasers and amplifiers operating (tn) and the thickness. Figure 1 shows the evolutiom afs

15 um. a wavelenath of areat interest for communicati :function of Pox. The plot shows thah decreases aP,,
-~ M, a wavelength of great interest for communicatio increases, approaching the value of the targeffgrvalues

purposes. Phosphate glasses have often been used as h% 5§e to 4.4 1072 Torr.** In a homogeneous dielectric the

for EF* because high rare-earth concentrations can be inCO(,—alue can be related to the densipy via de Lorentz—Lorenz
porated when compared to silicates, with the additional adfelation13 It follows that an increment of leads to an incre-

vantage of a larger emission cross section. In an earlier Worlfnent ofn:

we have shown that waveguides can be produced by PLD

from EPT—Yb®" co-doped phosphate glassésn this com- An  (M2—1)(n?+2) Ap

munication we demonstrate that both thé'Eand Yb'" are i e (1)
active in these waveguides, and have special emphasis on the P

influence of the oxygen pressurB(,) during deposition on It has been shown earlier that amorphous semiconductor

the fi_nal_ film perforr_na_mce, ie., photolgminescence intensit)f”mS grown by PLD are denser than those grown with other

and lifetime, and guiding properties. It is well known that thedeposition techniques due to the presence of energetic spe-
Pox in the chamber is one of the most critical parameters for,joq during the PLD proced$. Moreover, studies of the
plume expansion during PLD of complex oxide films have

dElectronic mail: rserna@pinarl.csic.es shown thatP,, has a significant effect on the kinetic energy
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- - . T 1250 whichever the pumping wavelength in the range 800—880
nm, even at 880 nm where the*trabsorption is negligible.
1200 The results thus evidence that botf Eand YB** are active

in the films.

Figure 1 also includes the PL intensity and lifetime at
1.54 um when the films are excited at 514 nm. Both param-
eters show the same trend as th&alue, namely they de-
crease a®, increases. Modifications of the PL intensity as
a function of theP,, have been observed before in PLD
150 Eu:Y,05 films.> For those films the PL intensity was ob-

, . , . . 0 served to increase simultaneously with the surface roughness
10®  10° 10* 10° 107 as theP,, was increased. The PL intensity enhancement thus
P O, (torr) was correlated to the reduced internal reflections caused by
rough surfaces. In contrast no change in the surface rough-
FIG. 1. (A) Real part of the refractive index] at 633 nm, PL(®) intensity

o X n i rved for our film function whil
and (M) 1/e lifetime at 1.54um upon excitation at 514 nm, measured for ess is observed for ou s as a functionRy,, €a

Er*—Yb®" co-doped phosphate glass films as a functioRgfduring PLD. PL |[1£en5|ty enhancle.mer_‘t is found for 10Wy( I30x§4
The arrow on the lower part of the left axis points thealue of the target. X 107> Torr). In addition it should be noted that this en-

hancement of the PL intensity is accompanied by an increase
of the PL lifetime. For a fixed pump power and wavelength
of the species ablated from the tar§ethe higher theP,, the+P_L intensity is proportior_lal to the conc_entration of activt—_z
the lower the kinetic energy. The large decreasen afb- Er* ions, the pump absorption cross section, and to the ratlo
served at about 1G Torr, a pressure for which collisional 7 7r» Where 7 and 7, are the measured and the radiative
processes with the foreign gas begin to be important, is moé@‘eﬂm_es, respectively. Both lifetimes are related through the
likely related to ablated species reaching the substrate witRauation:
less kinetic energy. In a similar context densification of
glasses under ion implantation has been known for a long E: £+ i @)
time%-*For fused silica undergoing keV ion implantatona 7 7 7’
relative increasén/nup to 10 2 has been reported.In our
caseAn/n for the films grown in vacuum compared to that wherer,, is the nonradiative lifetime. Thus, the existence of
for the target is 4.5 10 2, which is of the same order of nonradiative decay channels leads to a measured lifetime
magnitude as that found for ion-implanted material. The resmaller than the radiative lifetime, . Assuming thatr, is
sults in Fig. 1 forn can thus be interpreted in terms of den- constant, the higher measured lifetime$ observed in the
sification, although minor variations in the deposited glasdilms deposited at lowP,, can be interpreted in terms of a
composition that may also influencecannot be completely reduction of the nonradiative decay channels. Therefore the
disregarded. From an application viewpoint, the observed inresults show that there is a decrease of the concentration of
crease ofn achieved during growth at low, is beneficial defects for lowP,, which is consistent with the discussed
for the production of waveguides with SjGas cladding, increase of packing density in the films.
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since the larger the difference betwemof the cladding ( It is worth noting, however, that the PL lifetime values
~1.46) and the material of the built-in waveguide, the bettemeasured for the films grown even at Id&®y, are unexpect-
the light confinement. edly short(hundreds ofus), one order of magnitude shorter

PhotoluminescencéPL) measurements were performed than those observed in the target suggesting that the concen-
at room temperature using a single grating monochromatarration of defects in the glass network is still not minimal.
(focal length 275 mr a liquid nitrogen cooled Ge detector The films were thus annealedrf h atseveral temperatures
and standard lock-in techniques. The film PL was excitedat atmospheric pressure and cooled down to room tempera-
with either an Af (514 nm or a tunable Ti—saphir€/70—  ture to perform additional PL measurements. The resulting
880 nm) laser reaching the film at an incidence angle of 30°.PL intensities and lifetimes are shown in Fig. 2, where it is
The emitted light was collected normal to the film plane. Theseen that both parameters are greatly improved upon anneal-
as-deposited PLD Br—Yb%' co-doped glass films show ing. For the films grown at lowP (P, <4x10"° Torr) the
broad PL spectra, typically from a glass matrix, and with aPL intensity and lifetime increase for annealing up to 500—
maximum at 1.54um corresponding to Bf intraf transi- 550 °C, to then decrease abruptly, at the same time that clear
tions (*113,—%1157). Co-doping the films with Y& in-  surface damage is observed. This decrease is not surprising
creases the wavelength range suitable fdf Biptical pump-  since 600 °C is the glass transition temperature for most
ing. The YB" has a broad absorption band from phosphate glassé$The increase of the lifetime is related to
approximately 800 to 1050 nm and cross-relaxation betweea decrease of nonradiative decay channels in the films as
adjacent ions Bf and YB'" allows the absorbed energy to discussed above. Nevertheless, the relative increase in the PL
be transferred to the Et systen®~2* This was observed in lifetime (a factor of 9 is significantly lower than that of the
our films by using a Ti—saphire tunable laser as pump sourcBL intensity. This suggests that there is not only a decrease
and recording both the PL excitation and emission spectraof the concentration of defects upon annealing but also an
The measurements show that the PL intensity is similaincrease of the fraction of optically active Erions. This
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S00r ;" N reaching the substrate, and this is a remarkable result as most

reports on the growth of complex oxide films by PLD are
carried out at relatively higi®,,.

° posited in vacuum or at low,, show the highest density
5 1500F (a) o and the best PL performance, with lifetimes of several ms.
s / The achieved highn favors the light confinement in
g / | waveguides with Si@cladding layers, and are thus promis-
3 10001 H o ing for the development of Si-based optoelectronic devices.
= ' A The improved performance of the films grown at I8, is
(v} ' . . . . .
2 iom most likely related to the high kinetic energy of the species
é .
£
|
o
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