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An electron cyclotron resonance plasma-enhanced chemical vapor deposition apparatus,
which is suitable for producing planar fluoride glass films, was developed. A
ZrF4-BaF,-EuF3 planar glass film was synthesized by using g-diketonates of Zr, Ba and Eu
as starting materials and NF3 as a fluorinating gas. A CaF; single crystal plate and a fused
quartz glass plate were employed as substrates. The planar glass film obtained was
colorless and transparent. As an attempt a planar waveguide which has a
ZrF,-BaF,/ZrF,-BaF,-EuFs/ZrF,4-BaF, sandwich structure was also formed on a CaF,
substrate. The planar glass film and the planar waveguide were characterized by using
techniques such as XPS, X-ray diffraction, DTA, ellipsometry, IR absorption, Mossbauer
spectroscopy and SEM. © 1998 Kluwer Academic Publishers

1. Introduction a multistep process of sol-gel and fluorinatier([7])
Since fluorozirconate glasses were discovered bynd chemical vapour deposition [8]. Rare earth-doped
Poulainet al.in 1975 [1], heavy metal fluoride glasses PbF-ZnF,-Gak; thin films were synthesized using the
have attracted considerable attention because of the p&VD technique. However, this technique can not be ap-
tential of application to photonics materials. Recentlyplied to the glass systems in which the vapour pressures
much attention has been paid to rare earth-containingf the respective glass components are very different.
fluoride glasses because of their potential for activeOn the other hand, the combined processing of sol-gel
photonics devices such as low transmission-loss opticand fluorination is in a preliminary stage [9]. At the
fibres €.9.[2]), fibre lasers €.9.[3]), fibre amplifiers  present stage, chemical vapour deposition seems to be
(e.g.[4]), light upconvertors€.g.[5]), etc This poten- a promising technique for producing planar films of
tiality is because of the low phonon energies of fluo-fluoride glasses.
ride glasses which decrease the non-radiative emission The first attempt to prepare fluoride glasses by
probabilities. organometallic chemical vapour deposition was done
In recent years, planar waveguide technology hasn BeF, and Bek-AlF3 glasses in 1987 [8]. Subse-
been developed in order to fabricate more compact opguently Fujiura et al. succeeded in the prepara-
tical devices. For developing such devices, preparatiotion of ZrFs-BaF, glass films by a plasma-enhanced
of planar glass films holds the key to the solution of theorganometallic chemical vapour deposition tech-
attainment of planar waveguides. nique [10]. Although filmy Zrg-BaF, glasses have
Usually fluoride glasses are prepared by the fol-been synthesized by a plasma-enhanced organometal-
lowing melt-quenching procedure: Raw materials oflic chemical vapour deposition technique, the glasses
high purity fluorides are weighed and put into Pt cru-were contaminated with appreciable amounts of oxy-
cibles with small amounts of NHF- HF. The batches gen because of the use of fluorinating gases @fésid
are melted at appropriate temperatures in an Ar atmo©;. Thus, oxygen-free fluorozirconate glass films have
sphere. Then the melts are quenched by pouring themot been synthesized yet.
into brass molds. Unfortunately, such a procedure is More recently the present authors developed the
unsuitable for preparing planar waveguides. apparatus of electron cyclotron resonance plasma-
Therefore, several techniques of preparing planaenhanced chemical vapour deposition and attempted
films of fluoride glasses have been attempted. For exthe synthesis of ZrfFBaF-LnF3 planar glass films
ample, there are physical vapour deposition (PVD) [6],(Ln =rare earth elements). This letter reports the result
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on the preparation and characterization of ZBaF,-  were determined by thermal analyses of these metal
EuFR; planar glass films. B-deketonates. The flow rates of Ar carrier gas for the
Zr(hfa),, Ba(hfa)(tg) and Eu(dpmy starting materials
were 1, 1 and 0.3 sccm, respectively. These gases were
2. Experimental procedure mixed and introduced into the reaction chamber to react
2.1. Sample preparation with NF3 plasma. The reaction chamber was evacuated

Fig. 1 shows the schematic diagram of apparatus déo 2x 102 Torr. The products of the vapour phase re-
veloped in the present study. Microwave radiation atdction were deposited on substrates heated atG0a
2.45GHz was introduced into the microwave cavity Cak single crystal plate and a fused quartz glass plate
resonator, the size of which was 15 cm diameter andvere employed as substrates. The deposition rate was
22 c¢m long. The plasma chamber, a fused quartz veg@round lum/h. Planar films of about@m in thickness
sel of 6 cm diameter and 22 cm long, was placed aghd about 1 crhin area were prepared. The choice of a
the center of the resonator. Magnet coils for electrorfcaF substrate is due to the thermal expansion coeffi-
cyclotron resonance plasma excitation were arrangegient which is close to those of fluorozirconate glasses.
around the periphery of the resonator. And\¥fas was A fused quartz glass was used due to the ease of taking
employed as a fluorinating reagent. ThesNfas was  the products off.
introduced into the plasma chamber and effectively ab- As an attempt a planar waveguide which has a,ZrF
sorbed the microwave energy to generate plasma. ThHdaF (about 1.5um thick)/ZrFs-BaF-EuF; (about 1.5
plasma flowed out from the plasma extraction windowsm thick)/ZrF-BaF, (about 1.5xm thick) sandwich
toward a substrate. The flow rate of thed\fas was 60  structure was also prepared on a gabbstrate.
sccm and the microwave power introduced was 30 W.

It is necessary that starting materials for chemical
vapour deposition volatilize at comparatively low tem- 2.2. Characterization
peratures and are thermally stable. In the present work§-ray photo-electron spectroscopy (XPS) measure-
B-diketonates of Zr, Ba and Eu were used as startments were made with an ULVAC-PHI ESCA5400,
ing materials, taking into account their volatility and using Mg-Kx radiation as a photo-electron excitation
their thermal stability; tetrakis (1,1,1,5,5,5-hexafluoro-source.
heptane-2,4-dionato) zirconium, Zr(hfa®,5,8,11,14- X-ray diffraction (XRD) measurements were made
pentaoxopentadecane adducts of bis (1,1,1,5,5,5-hexwith a Rigaku RINT 2000 X-ray diffractometer by a
fluoroheptane-2,4-dionato) barium, Ba(hf&g), and thin film technique with a glancing angle of 2sing
tris (2,2,6,6-tetramethyl-3,5-heptanedionato) europi-Cu-Ka radiation.
um, Eu(dpmj. Differential thermal analysis (DTA) measurements

The Zr(hfa), Ba(hfa} (tg) and Eu(dpmy starting  were carried out under an Ar gas flow at a heating rate
materials were individually heated and vapourized abf 10 K/minwith a Rigaku TAS 100 differential thermal
85, 165 and 190C, respectively. These temperaturesanalyzer.
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Figure 1 Schematic diagram of electron cyclotron resonance plasma-enhanced chemical vapour deposition apparatus.
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Film thickness was measured by using a Kosaka Laband Eu4d lines. The composition of the film was esti-
oratory Surfcorder SE-2300S apparatus. mated to be about 72Z5A 5Bak,-13Euk;. Moreover,

Refractive index was measured with a Mizojiri DHA- the XPS analysis revealed that the film has no oxygen
XA2Y ellipsometer using He-Ne laser (632.8 nm).  contamination.

Infrared absorption spectra were measured with a Fig. 3 shows the X-ray diffraction pattern of the
Perkin-Elmer PARAGON 1000 PC FTIR spectropho- prepared planar film, together with that of the conven-
tometer by using a KBr pellet technique. tionally prepared 72ZrF15Bak,-13Euk; glass. It can

Mossbauer spectra were measured according to tHee seen that both halo patterns are in good agreement.
procedure described elsewhere [11]. It is concluded that the 72Z§FA1 5Bak-13Euk; planar

Scanning electron microscope (SEM) observatiorfilm is an amorphous film.
and line analyses of Zr, Ba and Eu elements were made Fig. 4 shows the DTA curve of the 72ZF
with a JEOL-JSM-5800LVC scanning electron micro- 15Bak,-13Euk; planar film. The fact that the planar
scope with JED-2100X. The spot size of an electrorfilm exhibits a small endothermic shoulder due to glass
beam was about Am diameter. transition indicates that the 72ZyE5Bak-13Eul;
planar film is in a vitreous state.

The ellipsometric analysis revealed that refractive
index of this planar film is 1.523, being almost the

3. Results and discussion
The composition of the prepared ZrBaR-EuR; film  same as that (1.530) of the conventionally prepared

was determined by XPS measurements. A 6QZrF 72Zrk-15Bak-13Euk; glass.
30Bak-10EuR; glass, which was prepared by a con- Fig. 5 shows the infrared absorption spectra of
ventional melt-quenching method, was used as #he 72Zrlz-15Bak,-13Euk; planar glass film and the
reference specimen. Fig. 2 shows the XPS spectra af2ZrF,;-15Bak,-13Euf; glass prepared by a conven-
the prepared film and the reference glass. The compdional melt-quenching method. In the figure a band
sition was evaluated from the peak areas of Zr3d, Ba3d&t about 500 cm! is assigned to the antisymmetric
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Figure 2 Wide scan XPS spectra of (a) Z#BaF,-EuF; planar film and (b) 60Zrf-30BaF,-10Euks glass prepared by conventional melt-quenching

procedure.
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Figure 3 XRD patterns of (a) 72ZrF15BaF,-13EuRs planar film
and (a) 72Zrg-15Bak-13Euk; glass prepared by conventional melt-
guenching procedure.
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Figure 5 Infrared absorption spectra of (a) 724rE5Bak-13Euk; pla- ]
nar glass film and (b) 72Z@-15BaF,-13Euk; glass prepared by conven- b
tional melt-quenching procedure. ()

Figure 7 (a) Planar waveguide with ZgFBaF, (about 1.5um thick)/
. . . ZrF4-BaR-EuRs (about 1.5.m thick)/Zr F4-BaF, (about 1.5um thick)
stretching vibration of Zrf polyhedra [12]. AImost  sandwich structure. (b) SEM image of a square region of (a) and line

complete agreement can be seen between both spectsaalyses of Zr, Ba and Eu elements.
indicating that the F coordination environment around
Zr in the planar glass film is the same as that in the
conventional glass. together with those of Eu(dpmomplex and ExO;

Fig. 6 shows the'®®'Eu Mdssbauer spectra of the crystal. The isomer shifs, is a measure of the electron
72ZrF,-15Bak,-13Euk; planar glass film and the con- density at the nucleus, which is affected by the valence,
ventionally prepared 72ZiFl5Bak-13Euf; glass, electronic state and coordination environment. As can
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