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Aluminum-enhanced alkali diffusion from float glass to PVD-sputtered silica thin films
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Interdiffusion processes between aluminum enriched PVD-sputtered silica thin films and industrial float sodalime silicate glass substrates are quantitatively studied using SIMS analysis. Heat treatments are performed at temperatures close or above the glass transition temperature of the float glass. Aluminum doping of the film is shown to strongly increase the migration of alkali from the glass substrate to the silica thin film. In particular the final alkali content in the film exhibits a linear scaling with the aluminum concentration. An interdiffusion process is evidenced between bulk alkali ions and protons originating from a significant water content in the as-deposited silica film. Experimental measurements of sodium concentration are shown to be consistent with a simple thermodynamic model based on the equilibration of the activity of sodium between the film and the glass substrate.

Introduction

Industrial glasses coated with thin films are often subjected to thermal treatments, in the framework of a forming process, or in order to enhance specific properties of the glazing, or to improve the mechanical properties of glass. At high temperature close or above the glass temperature of the substrate, several species diffuse from the substrate to the thin films. For soda-lime float glass, the diffusion of sodium or other alkali ions is the most significant effect. Alkali diffusion is beneficial for a minority of active layers, such as CuGaSe 2 thin film for solar cells, in which controlled diffusion of sodium and potassium has been shown [START_REF] Ishizuka | 508 Interfacial alkali diffusion control in chalcopyrite thin-509 film solar cells[END_REF] to enhance energy conversion. However, sodium alters the electrical properties of most active layers used in solar cells [START_REF] Janke | Alkali ion migra-512 tion control from flat glass substrates[END_REF][START_REF] Scofield | Sodium 516 diffusion, selenization, and microstructural effects as-517 sociated with various molybdenum back contact lay-518 ers for CIS-based solar cells[END_REF][START_REF] Durose | Bon-522 net, Grain boundaries and impurities in CdTe/CdS 523 solar cells[END_REF][START_REF] Emziane | The distribution of impurities in the inter-527 faces and window layers of thin-film solar cells[END_REF], with dramatic effects such as electrical shunting caused by the widening of grain boundaries [START_REF] Kranz | Effect of sodium 531 on recrystallization and photovoltaic properties of CdTe 532 solar cells[END_REF]. The diffusion of sodium also decreases the * corresponding author: jean-thomas.fonne@saintgobain.com / +33 (0)1 48 39 85 56 mechanical or electrical properties of low-emissivity 20 coatings [START_REF] Kulczyk-Malecka | Investigations of diffusion be-536 haviour in Al-doped zinc oxide and zinc stannate coat-537 ings[END_REF][START_REF] Kulczyk-Malecka | Diffusion studies in magnetron 541 sputter deposited silicon nitride films[END_REF] used in the building and automotive 21 industry, or of transparent conducting oxide layers 22 used in displays [START_REF] Lee | Effect of barrier layers on the 546 properties of indium tin oxide thin films on soda lime 547 glass substrates[END_REF]. [START_REF] Zhang | Diffusion data in silicate 604 melts[END_REF] In order to limit the diffusion of alkali from the 24 glass substrate to the active layers, barrier layers 25 are deposited on the glass surface [START_REF] Janke | Alkali ion migra-512 tion control from flat glass substrates[END_REF]. Alkali diffu-26 sion through a barrier layer has been studied for a 27 variety of compositions, such as silicon nitride [START_REF] Ghazzal | Ef-550 fect of SiNx diffusion barrier thickness on the structural 551 properties and photocatalytic activity of TiO 2 films ob-552 tained by sol-gel dip coating and reactive magnetron 553[END_REF], 28 silica, alumina [START_REF] Fehlner | But-556 ton, Alumina barrier layers on LCD glass[END_REF][START_REF] Fehlner | Thin films on glass for liquid crystal dis-560 plays[END_REF] or ceria [START_REF] Sonderby | Strontium diffu-564 sion in magnetron sputtered gadolinia-doped ceria thin 565 film barrier coatings for solid oxide fuel cells[END_REF], and for differ-29 ent deposition processes such as chemical vapor de-30 position (CVD) [START_REF] Dreer | Quantitative SIMS depth pro-570 filing of diffusion barrier gate-oxynitride structures in 571 TFT-LCDs[END_REF][START_REF] Osenbach | Sodium diffusion in 574 plasma-deposited amorphous oxygen-doped silicon ni-575 tride (a-SiON:H) films[END_REF], physical vapor deposition 31 (PVD) [START_REF] Kulczyk-Malecka | Investigations of diffusion be-536 haviour in Al-doped zinc oxide and zinc stannate coat-537 ings[END_REF][START_REF] Kulczyk-Malecka | Diffusion studies in magnetron 541 sputter deposited silicon nitride films[END_REF], or sol-gel coating [START_REF] Guanghui | The mi-578 gration of alkali ions from glass substrates coated with 579 sol-gel barrier films[END_REF][START_REF] Davies | Diffusion 582 barrier of sol-gel derived silica for sprayed tin oxide film 583 on soda-lime glass[END_REF]. One of the 32 most common compositions of barrier layers is sil-33 ica, which is usually doped with aluminum in PVD 34 coaters in order to increase the deposition rate [START_REF] Wolfe | Method for 586 coating substrates with silicon based compounds -587 EP0502068[END_REF].
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For non-doped silica thin films, Araujo et al. [START_REF] Araujo | Sodium redistribution be-589 tween oxide phases[END_REF] 36 showed that the chemical potential of sodium in the sive species because it induces less artifacts due to 166 alkali-ions migration during depth profiling [START_REF] Yamamoto | SIMS depth profile anal-638 ysis of sodium in silicon dioxide[END_REF][START_REF] Krivec | On 641 the temperature dependence of Na migration in thin 642 SiO 2 films during ToF-SIMS O 2 + depth profiling[END_REF].

167

Only monoatomic ions (as opposed to polyatomic 168 clusters) were followed to generate the composition 169 depth profiles, in order to increase the sensitivity 170 within the silica layer [START_REF] Saha | MCsn + -SIMS: An innovative 646 approach for direct compositional analysis of materials 647 without standards[END_REF]. SIMS values at the ex-171 treme surface are affected by transitory effects and

172
should not be interpreted [START_REF] Hoffmann | Reactions be-650 tween solgel coatings and some technical glass sub-651 strates during consolidation[END_REF]. (see Fig. 1). We assume that tin is totally oxidized 2. Values obtained with these three techniques converge with differences less than ±20%.

Consequently, our assumption for SIMS quantification appears to be relevant. The spectra were processed using SIMRA software.

SIMS and ERDA results concerning hydrogen will be discussed in Section 4.2.

Results

Typical quantified SIMS depth profiles inside silica thin films deposited on glass are presented on and alkali oxides concentrations (mol %), with a best least-square fit given by: tion had also been studied in bulk silica [START_REF] Mecha | Mobility of sodium ions in silica glass of different OH content[END_REF][START_REF] Tian | Effect of water incorporation on the diffusion 669 of sodium in type I silica glass[END_REF].

C Na2O = 1.47 C Al2O3 + 0.22 (1) 

342

The influence of water is discussed in more details 343 in the next paragraphs. 

392

The activity of sodium at 650 • C as a function of 393 sodium concentration in a dry silica layer is repre-394 sented in Fig. 8a, for three different aluminum doping contents. We observe that increasing the aluminum content decreases the activity of sodium, a result that has been obtained experimentally in the literature [START_REF] Abdelouhab | Determination of Na 2 O activities in silicate melts by EMF measurements[END_REF] and that is explained by the smaller sodium content in network-modifying role. A sharp increase of sodium activity occurs when the molar concentration of sodium equates the one of aluminum. Qualitatively, this corresponds to the concentration at which sodium ions charge-compensate all aluminum tetrahedral units. Therefore, the activity of sodium in the layer depends strongly on the aluminum content. In Fig. 8a, the activity of sodium in the glass substrate is represented as a red dotted line.

We define the theoretical sodium equilibrium concentration as the concentration at which chemical potentials are the same in the substrate and the silica layer. The sodium equilibrium concentration is plotted in Fig. 8c (orange line) as a function of aluminum content of the silica layer. We observe an affine (almost linear) relation as in our experiments, but with a different Na/Al atomic ratio: thermodynamic calculations predict a ratio close to one (which amounts to compensating all aluminum tetrahedra), whereas a ratio of 1.5 is observed in our experiments. This means that (in experiments) 1/3 of sodium ions in the silica layer are not charge compensators of aluminum tetrahedra, but network modifiers bound to non-bridging oxygens. However, it is known [START_REF] Zeng | In support of a depolymerization model for water in sodium aluminosilicate glasses:: Information from NMR spectroscopy[END_REF][START_REF] Robert | Structural characterization of waterbearing silicate and aluminosilicate glasses by highresolution solid-state NMR[END_REF][START_REF] Xue | Structure of hydrous aluminosilicate glasses along the diopside-anorthite join: A comprehensive one-and two-dimensional 1 H and 27 Al NMR study[END_REF][START_REF] Malfait | The nature of hydroxyl groups in aluminosilicate glasses: Quantifying Si-OH and Al-OH abundances along the SiO 2 -NaAlSiO 4 join by 1 H, 27 Al-1 H and 29 Si-1 H NMR spectroscopy[END_REF] that the presence of water modifies the structure of aluminosilicate glasses and melts, hence the activity of sodium in these materials. This strong effect is illustrated in Fig. 8b, where we plotted the activity of sodium in a silica layer as in Fig. 8a, for a layer composition including both the aluminum doping and the presence of water (we arbitrarily chose 6000 ppm of water as measured by ERDA in a Al 2 O 3 -doped silica layer -2.4 mol % -cf Table 3, but we found that the value of sodium activity has a very weak dependence with water between 100 ppm to 20000 ppm).

Calculations of sodium activities in presence of water are also performed using Factsage with the FT oxides database but with the FT oxid-SLAGE module (E-Slag-liq with H2O/OH) which can take into account interactions of water with the silicate network [START_REF] Jung | Thermodynamic modeling of gas solubility in molten Slags (I) -Water[END_REF][START_REF] Pelton | Thermodynamic calculation of gas solubili-749 ties in oxide melts and glasses[END_REF]. Comparing Fig. 8a and Fig. 8b shows that: (i) for a pure silica layer, the activity of sodium does not change with or without water, (ii) but for an aluminum-doped silica layer, the 

37 substrate

 37 could be used to predict whether sodium 38 would diffuse from the substrate to the silica layer, 39 or in the other direction in the case of alumina-or 40 boron-rich substrate compositions.

Figure 1 :

 1 Figure 1: Example of a SIMS depth profile (before calibration) of a silica thin film doped with 0.9-wt% Al 2 O 3 asdeposited on glass.
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  Depth calibration was obtained from stylus pro-174 filometry (Dektak XT, Bruker) performed on two 175 different SIMS craters. The first one stopped at the 176 glass/layer interface determined by the maximum of 177 120 Sn + signal. Indeed, tin condensates on the at-178 mospheric side of glass during the floating process 179

Finally, hydrogen

  amount was evaluated by Elastic Recoil Detection Analysis (ERDA). The experiment was carried out on the 2.1MeV Van-der-Graff accelerator AIFIRA (CENBG-France). The 4 He + ions produced, impinged the sample surface at grazing incidence and the hydrogen atoms were collected through a filter (in order to stop He ions).

Fig. 2 ,

 2 Fig. 2, before and after thermal treatment. As shown on Fig. 2a and 2c, deposition of silica thin film with our PVD protocol allows us to obtain pure and aluminum-doped silica layers without contamination by the various oxides contained in the glass substrate. Nevertheless, after annealing for one hour at 650 • C pure or alumina-doped silica layers (Figs. 2b and 2d), we observe the migration of sodium and potassium from the glass substrate to the silica layer. On the other hand, alkaline-earth elements such as calcium and magnesium are not measured in significant amounts. Interestingly, the concentration of alkali oxides (both Na 2 O and K 2 O) after thermal treatment is substantially higher for an Al 2 O 3 -doped silica layer (Fig. 2d) than for a pure silica layer (Fig 2b). In order to study the relationship between aluminum doping and alkali migration, we extracted the average value of the Na 2 O and K 2 O content (averaged over a central zone in order to avoid SIMS artifacts at interfaces) in doped and pure silica layers. Na 2 O and K 2 O contents are plotted respectively in Fig. 3a and Fig. 3b as a function of Al 2 O 3 content, for different annealing durations at 650 • C. We observe a clear affine relation between Al 2 O 3

Figure 2 :Figure 3 :

 23 Figure 2: SIMS profiles of silica thin films deposited on glass: a-pure silica layer before annealing, b-pure silica layer after 1h-annealing at 650 • C, c-4-wt% Al 2 O 3 -doped silica layer before annealing, d-4-wt% Al 2 O 3 -doped silica layer after 1h-annealing at 650 • C.

Figure 4 :Figure 5 :

 45 Figure 4: Na 2 O SIMS profiles after diffusion in silica layers for short annealing durations at 650 • C, for a 4-wt% Al 2 O 3doping of the silica layer.

1 . 330 Al 2 O 3 -

 133023 Mechanism of alkali migration 299 Our experiments at 650 • C demonstrate that al-300 kali ions such as Na + and K + diffuse from glass to 301 silica thin films. As shown in Figs. 3 and 4, al-302 kali ions concentrations are already equilibrated in 303 silica layers after a few minutes at 650 • C indepen-304 dently of the Al 2 O 3 content, so that the diffusion 305 length is larger than the 150-nm-width of the sil-306 ica layer. Previous studies of sodium diffusion in 307 bulk silica glass found diffusivities between 3.10 -15 308 and 3.10 -11 m 2 .s -1 [2, 38, 39, 40]. The discrepancy 309 between diffusivity values in different experiments 310 was attributed to the variable hydroxyl content of 311 the silica glasses [39], depending on its elaboration 312 process. The presence of H + in silica was found 313 to decrease the mobility of Na + , an illustration of 314 the mixed-alkali effect [41]. Even the smallest diffu-315 sivity value obtained in previous studies (3.10 -15 ) 316 gives a diffusion distance of 1 micron in 10 minutes, 317 that is a diffusion length greater than the width of 318 the silica layer. Therefore, constant sodium pro-319 files after 15 minutes at 650 • C are consistent with 320 literature values for sodium diffusivity. 321 For bulk aluminosilicate glasses containing Na 2 O 322 and/or K 2 O, interdiffusion between melts of differ-323 ing alkali concentrations is mostly governed by the 324 exchange of alkali ions with SiO 2 [42, 43, 44, 45]. 325 Such exchanges, if present, would result in a vari-326 ation of the Si/Al ratio before and after sodium 327 migration. However, during alkali-ions migration, 328 we observe that the atomic ratio Si/Al in the sil-329 ica layer remains constant, as shown in the SiO 2 -Na 2 O phase diagram in Fig. 6 (red dotted 331 arrows). Therefore, the migration of sodium and 332 potassium corresponds to a dilution of the initial 333 composition of the layer, and not to a counter flux 334 of alkali and Si or Al. 335 Nevertheless, electro-neutrality requires a net 336 flux of another charged species to compensate the 337 charge of additional alkali. Previous studies in bar-338 rier layers [2, 19] suggested that a counter-flux of 339 protons enables sodium migration into silica. The 340 influence of water concentration on sodium migra-341

344 4 . 2 .Figure 6 :

 426 Figure 6: Zoom of the phase diagram in the ternary system SiO 2 -Al 2 O 3 -Na 2 O between 92 and 100% SiO 2 in mol %. Empty circles correspond to silica thin films before annealing and filled circles to silica thin films after sodium migration. Red dotted arrows correspond to a constant Si/Al atomic ratio.
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  silica layer and one 2.4-mol% Al 2 O 3 -doped layer) 353 before and after thermal annealing. They first show 354 that significant hydrogen contents (of the order of 355 half percent) can be found in the deposited silica 356 or aluminum-doped silica thin films. Interestingly, 357 this hydrogen content shows a sharp decrease after 358 thermal treatment. 359 The loss of H upon annealing is clearly consistent 360 with a scenario of interdiffusion between hydrogens 361 of the layer and alkali ions of the glass substrate. In 362 order to test this hypothesis further we performed 363 SIMS measurements on samples annealed at a lower 364 temperature, T=550 • C. The slowing of the dynam-365

Figure 7 :

 7 Figure 7: Na + and H + SIMS profiles after 5 and 15 minutes at 550 • C, for a 4-wt% Al 2 O 3 -doping of the silica layer.

  ics thus allowed us to observe earlier steps of the 366 diffusion process, i.e. before saturation of the al-367 kali content in the film. We show in Fig. 7 SIMS 368 profiles in a 4-wt% Al 2 O 3 -doped silica thin film of 369 H + and Na + ions after 5 min. and 15 min. of ther-370 mal treatment at 550 • C, respectively. Although not 371 quantitative, these profiles show a clear trend: an 372 interdiffusion front of the two species moving from 373 the glass substrate interface toward the surface of 374 the thin film.

375 4 . 3 .

 43 Equilibrium sodium concentration in silica 376 layer 377 Since alkali concentration is constant after 15 378 minutes in the silica layers, alkali species are at 379 thermodynamic equilibrium and should have a sim-380 ilar chemical potential in the substrate and in the 381 silica layer. Using the software Factsage with the 382 FT oxides database and especially the FT oxid-383 SLAGA module (A-Slag-liq all oxides) developed 384 for silicate systems ([47, 48, 49, 50, 51]), we com-385 puted the activity of sodium in the substrate and in 386 the silica layer, for various aluminum and sodium 387 concentrations. In order to stress the crucial ef-388 fect of the water content in silica films on the alkali 389 diffusion from the glass substrate, we present below 390 results obtained in absence and in presence of water 391 in the films.

461 5 .

 5 Conclusions 462 In this work we have studied the diffusion pro-463 cesses occurring in silica-based thin films deposited 464 on float glass during thermal treatments above the 465 glass-transition temperature of the glass substrate. 466 Using SIMS analysis, we have quantified the migra-467 tion of sodium and potassium in silica thin films and 468 shown that their concentration reaches a saturation 469 value after only 15 minutes of annealing at 650 • C. 470 The aluminum doping of the silica film has been 471 shown to strongly enhance (with a linear scaling) 472 the diffusion of alkali ions from the glass substrate. 473 The presence of water in the as-deposited sil-474 ica films (validated by ERDA measurements) has 475 appeared to be a key element of understanding of 476 this phenomenon. First we could identify an inter-477 diffusion process between the protons of the film 478 and the sodium ions of the glass substrate. Then, 479 taking water into account was shown to drastically 480 modify the thermodynamic activity of sodium in 481 the layer and thus its final equilibrium concentra-482 tion. 483 In particular the latter exceeds the aluminum 484 concentration of the thin film. The sodium ions 485 in the aluminum-doped silica layer thus exist not 486 only as charge compensators of the aluminum ions 487 inserted in the silica network but also as network 488 modifiers. As illustrated in Fig. 5, this depoly-489 merization effect of aluminum on the silica network 490 is likely to strongly affect the slower homogeniza-491 tion process (thin film dissolution) occurring at long 492 times and will be addressed in more detailed in a 493 future study.
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Figure 8 :

 8 Figure 8: Energetics of sodium -(a) Na 2 O activity in silica layer at 650 • C as a function of Na 2 O concentration, for different aluminum doping, and for free sodium atoms (i.e., network modifiers and not charge compensators). Calculations are made with Factsage software, using the FT oxides database. The red dotted line marks the value of Na 2 O activity at 650 • C in the float glass substrate. (b) Same as (a), for silica layers containing 6000ppm of water. (c) Equilibrium sodium concentration in the silica layer as a function of aluminum doping, for dry layers (orange) and water-containing layers (violet).

Table 1 :

 1 Composition (in weight percent) of the soda-lime glass substrates.

	oxides	weight %		
	SiO2 Na2O CaO MgO Al2O3 K2O	73.0 13.5 10.0 2.5 0.5 0.1	81 82 83 84 85	ica thin films deposition under reactive atmosphere at 2 µbar in Ar/O 2 plasma. Silica layers containing 0% and ∼ 4% (in weight) of Al 2 O 3 were obtained by using a single target and SiO 2 thin films with 0.2%
	Other elements	< 0.4	86	to 1% (in weight) of Al 2 O 3 were obtained by co-
			87	sputtering with the two targets. Therefore, various
			88	silica samples with Al 2 O 3 concentrations between
			89	0.0 and 4% in weight (corresponding to 0.0 to 2.4%
	Little experimental data exist on the influence		in moles) have been elaborated for this study.

42

of aluminum on alkali diffusion in silica thin films.

Nevertheless, the structure and transport proper-44 ties of bulk aluminosilicate glasses and melts have tergent and rinsed with deionized water before thin 75 film deposition.

76 2.2. Silica thin films deposition 77 Pure and aluminum-doped silica layers were de-78 posited by Physical Vapor Deposition (PVD) by ca-79 thodic magnetron sputtering at room temperature. 80 Si and Si:Al (8% in weight) targets were used for sil-90 The thickness of the films was measured with sur-91 face profilometry (DektakXT, Brucker) or atomic 92 force microscopy (Icon, Brucker). Results for sil-93 ica layers with thicknesses between 100 nm to 250 94 nm are presented here. Several deposition cham-95 bers were used for this work depending on the size 96 of the samples and the configuration needed (sput-97 tering or co-sputtering).

98 2.3. Thermal treatments 99 After deposition on glass, silica thin films were 100 annealed in air at 650 • C in an electrical furnace. 101 This temperature is in the range of temperatures 102 used industrially for glass tempering or shaping. 103 One should note that it is higher than the glass-104 transition temperature (Tg) of the substrate (∼ 105 550 • C). Annealing durations between 5 min and 16 106 hours were used at this temperature. Samples were 107 directly placed in the furnace prepared at 650 • C 108 and quenched in air at the end of the thermal treat-109 ment. 110 2.4. Silica thin films characterization 111 Quantification of the silica layer was first per-

Table 2 :

 2 Concentrations (in weight %) of SiO 2 , Na 2 O and Al 2 O 3 in a 250 nm thick silica thin film deposited on glass after 1h at 650 • C, measured on the same sample by SIMS (in the central zone), EPMA and XPS.

	(weight %) SiO2 Na2O Al2O3 Na/Al (atomic)
	SIMS	92.4	3.7	3.9	1.6
	XPS	90.8	4.5	4.7	1.6
	EPMA	89.9	5.2	4.8	1.8
	takes into account the in-depth distribution of the
	ionization function (called phi(roz)) and based on
	the XPP model which is well adapted for stratified
	samples [30]. Quantification by EPMA is given in

Table 2 .

 2 

	Furthermore, layer composition for the same
	sample was estimated by X-ray Photoelectron Spec-
	troscopy (XPS). The analyses were performed on
	a NOVA system (Kratos-GB) equipped with a
	monochromatic Al Kα X-ray source, operating at
	225W. The collection angle was set at 0 • (normal
	detection) in order to maximize the probe depth
	(to 5nm in case of such silica-rich material). Re-
	sults obtained are also given in Table 2.
	Since EPMA results consider that the layer com-
	position is homogeneous and XPS only probes the
	layer surface, SIMS depth profiles were carried out
	for depth-resolved measurements of the composi-
	tion. Measurements on as-deposited and annealed
	silica layers were performed on a TOF.SIMS 5
	(ION-TOF GmbH, Münster, Germany). The pri-
	mary ions Bi + , accelerated at 30 kV were generated
	by a LMIG (Liquid Metal Ion Gun) operating in
	high-current bunched mode with a beam current of
	3 pA at 16 kHz. The scanned area of 50 x 50 µm 2
	was centered in the middle of the 200 x 200 µm 2

sputter area performed by the DSC (Dual Source Column) source generating Cs + . The sputter beam energy was 2 keV and the applied current was 150 nA. A usual methodology for non-conductive samples was applied: an electron flood gun was used (E ∼ 21 eV ) in order to reduce charging effects during the acquisition in non-interlaced mode (1s sputtering, 0.5s pause, 2.5s acquisition)

[START_REF] Wang | ToF-SIMS 634 depth profiling of insulating samples, interlaced mode 635 or non-interlaced mode?[END_REF]

.

An example of typical SIMS depth profile is given in Fig.

1

. It is generated by the collection of the positive ions coming from the main isotopes elements present within the glass substrate and the layer (i.e.: 1 H + , 30 Si + , 23 Na + , 40 Ca + , 24 Mg + , 39 K + , 27 Al + , 120 Sn + ). Cs was selected as abra-

Table 3 :

 3 

		H content	Before	After
		(mol %)	annealing	annealing
		pure silica	0.40 %	< 0.1 %
			≈ 6000 ppm H2O
		Al-doped silica	0.38 %	< 0.1 %
			≈ 6000 ppm H2O
	348	gin could be outgassing phenomenon of the depo-
	349	sition chamber walls during the process and sur-
	350	face adsorption during storage due to the porosity
	351	of the layers. Table 3 report ERDA measurements
		that could be performed on two samples (one pure-

Hydrogen content in silica films as measured by ERDA for a pure silica layer or a 2.4-mol% Al 2 O 3 -doped silica layer. Analyses are performed on samples before and after thermal treatments 30 minutes at 650 • C.
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