Correlation between optical properties, composition, and deposition
parameters in pulsed laser deposited LINDO 5 films

C. N. Afonso, J. Gonzalo, and F. Vega
Instituto de Optica, CSIC, Serrano 121, 28006 Madrid, Spain

E. Dieguez
Departamento de Bica de Materiales, Universidad Autonoma, 28049 Madrid, Spain

J. C. Cheang Wong, C. Ortega, J. Siejka, and G. Amsel
Groupe de Physique des Solides, UnivérsiteParis 7 et 6, URA 17 du CNRS, 2 Place Jussieu,
75251 Paris Cedex 05, France

(Received 7 March 1994; accepted for publication 20 January)1995

The correlation between the optical properties and composition of lithium niobate films is
investigated in films deposited by laser ablation of single-crystal LiNi@d Li enriched
LiNbOg sintered targets under different oxygen pressures and laser fluences. The results show that
the variation of the film refractive index is in many cases related to the deposition process itself,
rather than to a variation of the film composition. The experimental conditions to produce
stoichiometric films with optical properties similar to those of the bulk material are
discussed. ©1995 American Institute of Physics.

Lithium niobate(LiNbO3) is a well-known ferroelectric  due to charge normalization and lateral film inhomogeneities
material with unique piezoelectric, electro-optic, and nonlin-and leads to a better precision.
ear optical properties. Due to the combination of these prop- The experimental setup for film deposition includes an
erties, lithium niobate films have a high potential for manyArF laser(A=193 nm,7=12 n9 and has been described in
applications in the photonic technology. detail elsewher The substrates arfd00) Si wafers held at

Among the various experimental techniques applied tadoom temperature. A He—Ne laser bedn=632.8 nm is
produce good quality lithium niobate films, sputtering depo-used to record in real time the evolution of the reflectivity of
sition is the most useti.* Laser ablation has been shown to the substrate as the film grows. This allows us to determine
be very suitable to form complex oxide filmsind was re- both the real(n) and imaginary(k) parts of the refractive
cently applied to produce lithium niobate filis> Amor-  index (n+ik).® The film thickness is, typically, 150 nm.
phous films with refractive index similar to that of the bulk The optical properties and composition of the films were
single-crystal material were obtained in this Waie optical  investigated as a function of the oxygen pressure during the
properties of the film being strongly dependent on the oxy-ablation process in the 18—-10"! mbar range, the laser
gen pressure during deposition and on the laser fluence. Efluence in the 0.4—2.5 J/émange and the target composi-
itaxial films were grown on sapphire substrates held at 500+ion. A single-crystal LINbQ target and four different hot-
600 °C in oxygen ambierft® Stoichiometric films were pressed sintered targets from,CiO; and NBOs powders
deposited on Si wafers by ablation in an argon—oxygerare used. The latter are sintered at 300 kgf/@nd subse-
mixture® In most of the cases, the composition of the filmsquently heated up to 1100 °C , in a three-step annealing pro-
was evaluated through x-ray studies or their optical propereess. The Li/Nb molar ratio of the single-crystal target is
ties. Rutherford backscattering spectromd®RBS) with a 2  close to the congruent valu@.94) whereas that of the sin-
MeV “He ion beam was used to determine the ratio of oxy-ered targets is in the 1.0-2.5 range.
gen to niobium and it has been combined recently with The simultaneous NRA and RBS measurements were
nuclear reaction analysiéNRA) to determine, in addition, carried out with a deuteron beam at 850 keV from the 2.5
the lithium to niobium ratio through the proton induced MeV Van de Graaff accelerator of the Paris group. Two sur-
Li (p,a) “He nuclear reactiof. face barrier detectors were used, one for RBS at 165° in

The aim of this letter is to correlate the film refractive order to determine Nb and another for NRA at 150° to record
index and composition with the deposition parameters. Thisimultaneously the protons from th&(d,p) ’O* nuclear
allows us to determine the optimum conditions to produceaeaction and the much more energetig particles from the
films with optical properties and composition close to those’Li(d,aq) “He reaction. In these conditions, the correspond-
of the bulk. The films are grown by laser ablation of ing peaks in the energy spectra are well separated and free of
LiNbO5 and Li enriched LiNbQ targets both in vacuum and background contributions; here, the cross section of the
in an oxygen atmosphere. Moreover, we report a new methotfO(d,p) ’O* reaction is nearly constdfitwhereas that of
to determine the composition of LiNhGilms based on the ©Li(d,aq)*He varies slightly with the enerdy:'? For films
use of a deuteron beam to perfogimultaneousRBS and thinner than 0.2um as in our case, the variation of both
NRA measurements. This method uses a single beam that, aross sections is negligible and the number of colNjsor
contrast to the two beams used in Ref. 4, eliminates errorsach element is then proportional to the amount of atoms
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FIG. 2. (a) Real(n,m) part of the refractive index an@) [Li]/[Nb] (®) and

FIG. 1. () Real(nJ) and imaginaryk, ¢ ) parts of the refractive index and [Q]/[Nb] (A) ratios as a function of the laser fluenc?zfor films grown from a
(b) [Li)/[Nb] (O) and[OJ/[Nb] (A) ratios as a function of the oxygen pres- single-crystal target at an oxygen pressure of 1§ mbar.
sure during the growth of the films. The results were obtained with a single-
crystal target at 1.6 J/cdhaser fluence. . ) . . .
cies in LiNbQ; crystals leads to strong absorption in the

visible 1® heat treatments in an oxygen environment usually
contained in the films. The NNy, and N; /Ny, ratios are  being required to obtain a transparent crystal. Since the re-
only affected by statistical errors that lead to a relative rootsults shown in Fig. 1 for pressures up to f0mbar show no
mean-square error in the present results of 0.5% and 4% fajignificant dependence of the film composition on the oxy-
the No/Nyy and N; /Ny ratios, respectively. These errors gen pressure, the strong change observed may most
are the only ones to be taken into account in discussing thﬁrobably be related to the formation of oxygen vacancies
correlation between optical properties and film compositiony,hen films are grown in vacuum, the concentration of which
In order to discuss the film stoichiometry, absolute errorsg redquced as the oxygen pressure is increased.
haye to be quotgd. The absolute.value of the O to Nb atomic Figure 2 shows that whereas increases significantly
ratio ([OJ[Nb]) is calculated with a relative root-mean- i the laser fluence, the film composition remains nearly
square error of~1% by using a TgOs film grown on a  .,nqtant within the experimental error. The optical diagnosis
silicon wafer as a reference tarddtThe absolute value of of the gas phase during ablation of LiNpQargets has
the [LiJ/[Nb] ratio is calculated within=20% by using a shown that Li species follow a complex dynamicEheir

6 . P .
Li and Bi ion implanted NRA ?”d RBS refgrence .target'_velocity was found to increase significantly as the fluence
The last error quoted here is mainly systematic and is domi-

nated by the 20% uncertainty of the preséht standard. increases, this dependence being similar to that of the refrac-

The total Li content is determined taking into account thet:zglIndi(\a/)é:?noggfmeli:r:gc.)r%()a'r-[r)vgxe)l(;)ilr??r?gc;l::)igi; tfr?;i' o
natural abundance 6Li, 7.42%. In all figures the errors on Y9 ' P 9

the atomic ratios are of the order of or smaller than the sizén the refractive index; the arrival rate ratio of Li to Nb atoms

of the symbols except the 20% systematic error onetbeo- f”‘t t.he. substrate iqcreases with fluence I_eadi_ng to films richer
lute scaleof the [Li]J/[Nb] ratios that is not shown. in lithium, or.the ion _bombard.ment during film growth en-
Figure 1 shows the dependencenpk, and composition hance§ thg fllmspla;ck.mg de.nsny and therefore increases the
on the oxygen pressure during deposition. It is clearly seen iffractive index.**" Since Fig. 2b) shows that there is no
Fig. 1(a) that bothn andk decrease as the oxygen pressure isignificant dependence of film composition on the laser flu-
increased. In contrast to that behavior, Figh)Ishows that €nce, the second explanation is more likely.
the composition of the films does not depend significantly on ~ Figure 3 shows the dependencenadnd composition on
the oxygen pressure up to 19 mbar. Films grown at 6 the composition of the sintered targets for films grown both
X102 mbar haven=2.23+0.02 that is very close to the in vacuum (10> mbaj and in an oxygen pressurés
ordinary refractive index of bulk single-crystal LINGO X102 mbay. Itis clearly seen that films grown in vacuum
(2.27, Ref. 14 and present a nearly negligible absorbancealways have lower oxygen and higher lithium contents than
(k<0.02. This oxygen pressure will hereafter be selected tahose grown in the same conditions under oxygen pressure.
analyze the influence of other deposition parameters. It ihe refractive index variations of films grown in an oxygen
well known that the presence of defects and oxygen vacarpressure mirror those of thei]/[Nb] and [O]/[Nb] ratios,
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the bulk material can be grown from a Li enriched target at a

28] 9 high laser fluence.
2.6 - o o o In summary, we have shown that laser ablation of Li

1 e enriched LiNbQ targets with a Li/Nb molar fraction of 1.5—
2.4 4 2.0 in an oxygen pressure ofx6l0 2 mbar lead to the

c 1 formation of nearly stoichiometric films. Their optical prop-

2.2 9 " erties depend on the laser fluence, the higher values

] . (2.5 mJ/cm) leading to refractive index values close to that
2.0 of the bulk material. The increase of the refractive index as
18 . the laser fluence increases is related to a change in the dy-
o b) namics of the ablated species in the gas phase rather than to
< 4 a composition change of the film.
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