N

N

Different Er3+4 environments in Mg-based
nanoparticles-doped optical fibre preforms

Francesco d’Acapito, Wilfried Blanc, Bernard Dussardier

» To cite this version:

Francesco d’Acapito, Wilfried Blanc, Bernard Dussardier. Different Er3+ environments in Mg-based
nanoparticles-doped optical fibre preforms. Journal of Non-Crystalline Solids, 2014, 401, pp.50-53.
10.1016/j.jnoncrysol.2013.12.040 . hal-01053778

HAL Id: hal-01053778
https://hal.science/hal-01053778

Submitted on 1 Aug 2014

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-01053778
https://hal.archives-ouvertes.fr

DifferentEr3* environments in Mg-based nanoparticles-doped optica fibr
preforms

F. d’Acapitd, W. Blan®*, B. Dussardiet

4CNR-IOM-OGG Grenoble
bUniv. Nice Sophia Antipolis, CNRS, LPMC, UMR7336, 06100 Nice, France

Abstract

Developing new rare-earth ions-doped optical fibres forgramplifiers and lasers requires continuous improvements
in fibres spectroscopic properties. To overcome some liiita inherent to silica glass, it is proposed to embed rare-
earth ions in dielectric nanoparticles. In this article weufs on the modifications of tHer3* ions spectroscopy in
Mg-silicate nanoparticles doped into optical fiber prefernThrough EXAFS and fluorescence measurements, we
demonstrate that filerent local environments are experienced@y" ions, attributed to the depolymerization of the
phosphate network. These results gain insight into thetang of luminescence properties.
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1. Introduction divalent metal is also to prevent the clusteringewf*
in phosphate phases as shown for similar samples in [7].

Developing new rare-earth ions (RE)-doped optical |, these samples, the spectroscopic behaviotgréf
fibres for power amplifiers and lasers requires contin- jong depends on the concentration of the alkaline-earth
uous improvements in the fibres spectroscopic proper- jons [8]. To explain these modifications, we study, in
ties besides reduction in device size and economical ef- g article, the local order arourt3* by Extended X-
ficiency. However, some potential applications of RE- ray Absorption Spectroscopy (EXAFS) which permits
doped fibres stier from limitations in terms of spectro- {5 cast a link between local geometry and optical re-
scopic properties resulting from RE clustering or inap- sponse. EXAFS at thEr — Ly;, edge has already re-
propriate local environment when they are inserted into \e5ied to be @ective in the description of the site of
silica. An intgresting solution consists in u_sing siliga Er3* [7] and Yb* [2] in optical fibre preforms with
as a mechanical host and support of the fibre optical nanoparticles obtained by phase separation. It revealed

waveguide, and in embedding RE-ions within nanopar- 5 marked flinity between the RE and phosphate phases.
ticles (NP) of appropriate composition and structure

[1,2,3].

The original route proposed by LPMC to obtain NP 2. Experimental

in fibres is based on the industrial MCVD (Modified

Chemical Vapor Deposition) process. As silicate sys- 2.1. Sample preparation

tems have a strong stable immiscibility when they con-  preforms were fabricated by the conventional MVCD

tain divalent metal oxides, we take advantage of thermal technique [9]. The so-called 'solution doping tech-

treatments inherent to this process to obtain NP thrOUgh nique’ [10] was app“ed to incorporate magnesium and

the phase Separation mechanism. Through this rOUte,erbium ions: the core porous |ayer, doped \/\leOg

NP are grown in-situ within the material when alkaline- and P,0s, is soaked with an alcoholic solution of

earth ions (Mg, Ca and Sr) are incorporated into the fi- ErCl; : 6H,0 andMgCl, : 6H,0 of desired concen-

bre core [4, 5, 6]. In particular cases thigeet of the  trations. After drying of the solvent, the core layer is

sintered down to a dense glass layer. Then the tube is

*Corresponding author. Tel+33-492-076-799; Fax.:33-492- collapsed into a solid r(.)d’ referred to as preform, at an

076-754 elevated temperature higher than 1800 Preforms are
Email address: wilfried.blanc@unice.fr (W. Blanc) stretched into 12%m fibres using a drawing tower at
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Figure 1: SEM pictures of Mg-0.1 (left) and Mg-1.5 (righteforms. 057 et
Mg-0.1
; . ] / S~ Mg-0 (fibre) |
temperatures higher than 2000 under otherwise nor- 0 ‘ e
mal conditions. Here we report on samples labeled as 1430 1500 1550 1 600 1650

Wavelength (nm)

Mg-X doped with solutions containing=0, 0.1, 0.3,

9'5’ 0.7, 1 and 1.5 mglof MgC|2 salts. To inves- Figure 2: Emission spectra of Mg-doped preforms (contisumes)
tigate the role of phosphorus, two samples were pre- ang fibres (dashed lines) recorded at room temperature. tafigoi
pared without this element and are labeled Mg-XnoP. wavelength is 980 nm. Each spectrum is shifted vertically Jy

Preform compositions were estimated from Energy Dis-
persive X-Ray measurements (18Q.3Qun¥ scanned
area in the core) and Electron Probe Microanalyses. It
was found thaGeO, andP,0Os mean concentrations are
0.8 mol% and 0.4 mol%, respectiveMgO concentra-
tion increases from 0.1 (Mg-0.1) to 5.5 mol% (Mg-1.5).
Doping with Mg leads to the formation of nanoparticles
in the core. SEM pictures for the Mg-0.1 and Mg-1.5
samples are presented in Fig.1. As previously observed, S G AT T S S W

Ll b b b b b b e ] 537

the mean size of the nanoparticles increases with Mg ] LI

concentration [8]. It is about 50 nm in Mg-0.1 up to sl s 4 Fsss

hundreds of nm in Mg-1.5. Optical losses induced by ] ;

the NP have been discussed in a previous paper [8]. The _4°1 A . P13

erbium concentration of 0.01 mibivas kept constantin =~ £ | A A -

the doping solution and the erbium ion concentration in §35i R . . 1 534_5

samples was previously estimated to be 200 ppm [8].  “..1 A,

2.2. Photoluminescence a1 L, F1532
Emission spectra of Mg-doped core of the preforms 205 . - 51531

were recorded at room temperature. The beam froma -2 o 02 04 o0 o0e 1 12 14 16

[Mg]sotution (mol/l)

continuous 980 nm, 250-mW fiber-coupled laser diode
was coupled into the tested preform through a single- _ _ .

de fib | The 1550 fl Figure 3: FWHM (triangles) and wavelength of the maximum of fl
mode Tniber-coupler. e nm uoresc_ence Wa_'s orescence intensity (squares)Mg concentration. Open symbols are
collected from the second coupler arm and it was di- related to the samples without P.
rected, through an isolator, to an optical spectrum an-
alyzer (Anritsu MS9701C). The resolution of the OSA
was 1 nm. Emission spectra reported in Fig.2 are aver-
aged on twenty sweeps and the signal is smoothed on
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eleven points. FWHM and wavelength of the maximum
of fluorescence intensity are reported in Fig.3.

Sample No | Reo(A) | 03 (A% | Rersi (A)
Mg-0 2 2.30(2) | 0.01(5) -
4 2.37(2) | 0.01(5) -
Mg-0.1 | 7(1) | 2.31(6) | 0.013(6)| 3.7(2)
Mg-0.3 | 6.9(7)| 2.30(4) | 0.013(4)| 3.7(1)
Mg-0.5 | 6.9(7)| 2.29(4) | 0.011(4)| 3.7(1)
Mg-0.5n0P| 6(1) | 2.24(3) | 0.006(1)| 3.6(1)
Mg-0.7noP| 7(1) | 2.28(6) | 0.014(6)| 3.6(2)

2.3. X-ray Absorption Spectroscopy

XAS measurements have been carried out at the
GILDA-CRG beamline BM08 at the European Syn-
chrotron Radiation Facility [11]. The monochromator
was equipped with a pair of Si(311) crystals and was
run in dynamical (horizontal) focusing mode [12]. The
harr_nomc re]ec_tlon as \_/vell as the vertlcgl focusmg was Mg-1 6.3(7)| 2.26(4) | 0.012(a)| 3.6(1)
achieved by using a pair of Pd-coated mirrors with a cut- Mg-1.5 6.2(7)| 2.26(4) | 0.012(4)| 3.6(1)
off energyEcuorf = 18keV. This optical arrangement . . : : :
permitted to obtain a focal spot of about 2ADOumon Table 1: Results of the quantitative analysis of the EXAF@.dgam-
the sample location, small enough to probe the core of ple Mg-0 is fitted with a crystalliné&r PO4 model.
the preform. The absorption dbeient was measured
in fluorescence mode by using an energy resolving de-
tector (12-elements array High Purity Ge). The spectra
are shown in Fig.4 whereas the related Fourier Trans-
forms are shown in Fig.5.
The structural model used for the quantitative data anal- J04
ysis is the same used in previous literature for this class
of systems [13, 14, 15]: a RE ion linked toSiO4
tetradedron with a well defined Er-O distance and Er-
O-Si bond angle. Here we note that, due to the similar

M/\/W Mg-0.1
M Mg-0.3
M Mg-0.5
/W Mg-0.5-noP
backscattering amplitude and phase of Si, P and Mg it W Mg-0.7
is not possible to distinguish these three atoms in the

W\ Mg-1.0
. . . MWW Mg-1.5
second coordination shell. The data analysis was car- _

ried out with the ATHENA and ARTEMIS [16] codes e ———— Mosres
and the theoretical XAS paths were generated with the 2 3 4 5 6 7 8
Feff8.10 code [17] starting from thEr,Si,O- crystal Photoelectron Wavevector k [A ]

structure [18]. The EXAFS signal was modelized by us-

ing the main scattering signals originating from the Er- Figure 4: EXAFS spectra of the various Mg-doped samples1®)

O-Si triangular configuration as thoroughly discussed in compared with a sample without divalent codopant (Mg-O). I¥ig-

[14]. The Debye Waller factor of the second shell was 15 &0 the fitis shown) with the residualX).

fixed to 0.002 & whereas the number of oxygen first
neighbors was linked to the Er-O bond length by using
the data from the Bond Valence Method (BVM, [19]).
BVM has been suggested in literature as #iective

Mg-0

EXAFS signal k * x(k)

method in XAS data analysis to reduce the correlation w:

between fit parameters [20]. By using the parameters = Mg-0

published in [21] the relationship between the number 'S Mg-0.1

of O atomsNo and the Er-O bond lengtRg;_o can be el mgzg-g

approximated as : 3 Mg_0:5_nop
2 Mg-0.7

No ~ 63.343— 67.499x Re;_o + 18695x R, o 5 Mg-1.0

s : et VG-1.5

The results of the quantitative analysis are shown in Mg-1.5 res.

Tablel 0 ! 2 ° 4 ° ®

' RIA]

3. Resultsand Discussion Figure 5: Fourier Transforms of the spectra shown in Figat. Mg-

. . . 1.5 also the fit is shown#) with the residual X).
From Fig.2 and Fig.3Er3* fluorescence properties ™ 0

can be separated into three Mg-concentration domains.
3



At low concentration (Mg-0 and Mg-0.1), FWHM is  be higher than the mean concentrations reported in 2.1.
about 20-25 nm and the main peak position is at 1536 Then, Mg-0.3 and Mg-0.5 results could be explained
nm. These values correspond to those measured in a Pby assuming a P-rich afat well polymerized environ-
doped silica fiber [22]. For intermediate Mg concentra- ment. Indeed, the degree of glass polymerization has
tion (Mg-0.3 and Mg-0.5), FWHM increases up to 45- been found to be correlated to the RE-O bond length in
50 nm, the peak position shifts to shorter wavelengths phosphate glasses [26]. In the case of ultraphosphate
and the spectrum appears poorly structured. As par-glassesNo=7.3 andRg;_0=2.29 A have been reported
ticle sizes increase compare to previous samples, oneby [26], in accordance with Mg-intermediate concen-
may expect that the fluorescence spectrum could be in-tration results. Moreover, FWHM oEr3* emission
fluenced by reabsorptionffect. However, this feect bands in phosphate glasses is usually larger compare
would shift peak position to longer wavelengths. Forthe to those reported in silicate [27]. When Mg concen-
highest Mg concentration (Mg-1 and Mg-1.5), FWHM tration increases, phosphate network tends to depoly-
and peak position values are 35-40 nm and 1533 nm, re-merize [28, 29]. In the less polymerized metaphosphate
spectively, whereas structures appear in the long wave-glass,Ng=6.3 andRg,_o=2.23 A[26], as observed for
length side of the line. These two values are close the highest Mg concentration. FWHM tends also to
to those reported for samples without P (open sym- decrease when Mg is added to a phosphate glass [30].
bols in Fig.3). They can also be compared with values However, for the highest Mg concentrations, the pres-
reported for alumino-germano-silicate fibre (type Il in ence of P in the local environment of Er can not be as-
[22]): FWHM and peak position are 40 nm and 1533 serted from these measurements as same characteristics
nm, respectively. are obtained in P-doped samples (Mg-1 and Mg-1.5)
The EXAFS spectra (Fig.4) show lesdfdrences re-  and P-free samples (Mg-0.5noP and Mg-0.7noP).

spect to optical fluorescence with the exception of Mg-

0 sample which contains more oscillating components .

than the others as also confirmed by the Fourier Trans-4- Conclusion

form (FT) (Fig.5). As previously reported for this sam- _ _ o

ple [7], the additional signals above the first coordina- N this article we report on the modification of the er-
tion shells are due to the formation of nuclei with the PiUm ions environment by changing Mg concentration.
ErPO, structure. This P-cageffect has been already Different environments are identified by comparing flu-
reported [23]. However, the fluorescence spectrum of Orescence and EXAFS measurements. These changes
Mg-0 does not present any features of crystalline phase &€ attributed to the depolymerization of the phosphate
[24] suggesting that this phase is not spatially extended network. These result_s gain insight into thg tay_lonng of
and consist of only a few coordination shells (around !uminescence properties of RE-doped optical fibres.

4-5 A). The Mg-doped samples exhibit a dominant os-
cillation due to a Er-O coordination shell (Fig. 4). The
FT confirms this idea as it shows only a dominant main
peak at ab_out1.8 A (Fig. 5_). This situation is typical of Authors greatly acknowledge Michéle Ude and
_rare-earth 'ons embedded in a glassy matrix. By increas- giapigjaw Trzesien (LPMC) for the preparation of the
ing Mg concentrationRer—o smoot_hly decreases from preforms, Olivier Tottereau (Univ. Nice Sophia An-
2.31downto 2.26 A and the resultitg decreases from tipolis, CNRS, CRHEA, UPR 10, Valbonne, France)

7 toh6ﬂ(TabIe D). for SEM/EDX measurements and Ivan Kasik for EPMA
Bot uoresgcepce and E,XAFS measurements dermn'measurements realized at the Institute of Photonics and
strate thaEr" ions experience dierent environements Electronics of the Academy of Sciences of the Czech

With_ Mg conce_ntration. _In the Mg-0 sample, a well or- Republic. GILDA is a project jointly financed by CNR
ganised solvation shell is formed by P around Er as al- 4 |NEN

ready observed with this RE [23, 24] and Yb [2]. In the
Mg-doped samples, the composition of the environment
can not be determined exactly from EXAFS measure- References
ments as Mg, Si and P can not be distinguished with
EXAFS analyses. However, we have reported that, in [1] B. Samson, P. Tick, N. Borrelli, Optics letters 26 (20015
. : 147.
I\./Ig-dope.d sample;, Erions are '°°"?‘ted in the nanopar- [2] C. Oppo, R. Corpino, P. Ricci, M. Paul, S. Das, M. Pal,
thle_S which contain also P and .Mg ions [25]. Concen- S. Bhadra, S. Yoo, M. Kalita, A. Boyland, J. Sahu, P. Ghigna,
trations of these three elements in the NP are expectedto  F. dAcapito, Optical Materials 34 (2012) 660 — 664.
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