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This paper is concerned with the alternative dopant AloO3 for Modified Chemical Vapour
Deposition solution-doping silica based optical fibre. An extension of the solution-doping
technique is described by which all processes out of deposition line are removed and organic
solution is used. The refractive index profile, spectral attenuation, and cutoff wavelength have
been investigated. The fabricated single mode fibres show nearly triangular and step-index
profile and spectral attenuation below 10 dB/km in region between 950-1300 nm and at 1550
nm.

INTRODUCTION

Optical fibres are light guides with extremely low attenuation. These guides
are formed by a central core of slightly higher refractive index than the coaxial
outer cladding. Depending on wavelength, refractive index difference, refractive
index profile, and core diameter, the fibre can guide one or more modes of the
electrical and magnetic field. Single mode fibres are the commonest choise for
transmission on trunk and subscriber lines. The waveguide core is usually formed
by a few coaxial layers composed of GeO,—SiO- glass and the optical cladding of
F—P,05—Si0, glassy layers. Present production processes are based on various
CVD (chemical vapour deposition) methods, both inner and outer techniques.

Germanium oxide is still the most widely used dopant in silica-based optical
fibres to raise the refractive index. Lately many materials have been proposed as
alternative dopants, especially aluminium oxide is considered to be very promising
and used one [1, 2]). In regard of higher temperature of sublimation of aluminium
chloride to boiling point of germanium chloride (raw materials for preform pre-
paration), the VAD (vapour axial deposition) method [3] and the solution-doping
technique [4, 5] are used especially. Previous works with the solution-doping tech-
nique have concentrated on soaking of a partially-sintered core layers in an aqueous
solution of aluminium chloride.

In this paper an extension of the solution-doping technique is described by which
all processes out of deposition line (in MCVD set up) have been removed and
aqueous solution by organic one has been replaced. The technique may also be
used to incorporate many further dopants into optical fibres, for instance rare-earth
elements.

EXPERIMENTAL

Preforms for optical fibres containing aluminium oxide have been prepared by
the MCVD (modified chemical vapour deposition) method.

The MCVD process is based on the high temperature oxidation of reactant gases
inside a rotating tube which is heated by an external source. Controlled quantities
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of the reactants are transported to the reaction zone by passing dry oxygen through
the liquid precursors, usually halides.

In our technique a conventional F—P,0;—SiO; optical cladding from gaseous
phase was prepared. The core layers were deposited in two steps: (I) a partially-sin-
tered porous soot of SiO; or of SiO2+P;05 was formed at a reduced temperature;
(II) the tube with porous layer was contracted in two points (P; and P;) to form
a tub-like reaction chamber (Fig. 1), into which the dopant solution was injected
and evaporated while the tube was rotating and oxygen flowing through the tu-
be. The deposit was dried, sintered and the whole tube collapsed in an O,/CCl,
atmosphere.

Fig. 1. Schematic view of low-vapour-pressure dopants technology deposition
by the modified solution-doping method: a - silica tube, b — porous layer,
¢ — organic solution of dopant, Py 2 — reaction chamber margins.

Preforms were fabricated using trichloromethane solutions of strengths up to
0.01 molar AICl;. Heralux WG tubes (18 x 1.4 mm), SiCly, POCl3 (F.O. Optipur),
AICl3, CHCl3, SFg (P.A. quality) were used. The refractive index profile of pre-
forms and fibres was measured by the commercial equipment P 101 and S 14
(York Technology). Single mode fibres with diameters 125 um were drawn from
the preforms and covered with UV curable acrylate. The spectral attenuation and
cutoff wavelength were measured using the S 15 device (York Technology). The
concentration of aluminium oxide was estimated from the refractive index profile
of the preform on base of knowledge of the refractive index dependence on the
glass composition.

RESULTS AND DISCUSSION

Preforms with F—P;05—SiO, optical cladding and core composed of Al,O3—
SiO; or of Al;03—P;05—Si0; glass (aluminium oxide concentration up to 2 mole
%) were prepared. By the reason that aluminium oxide solubility in trichloromet-
hane is low, the higher refractive index difference would be problematical. Fig.
2 shows the refractive index profile of the fabricated single mode fibre with the
core composed of Al,O3—SiO, glass. The index profile is like triangular course
and relative refractive index difference between the core and silicon oxide An* is
0.0023. Nearly step index profile illustrated in Fig. 3 was measured in the fibre with
Al,03—P5,05—Si10; core. The relative refractive index difference Ant is 0.0027
here. Fig. 4 shows the spectral attenuation of a fibre characterized by the 125 ym
outer diameter, 9.8 um core diameter, 0.0027 relative refractive index difference
between core and cladding, and a deposited cladding/core diameter ratio 6.6. The
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cutoff wavelength is 920 nm. The best attenuation value of the fibres drawn from
these preforms was in region between 950-1300 nm and at 1550 nm below 10
dB/km. The relative high attenuation can be explained for instance by the high
level of OH groups and that matter of fact is in drying process.
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Fig. 2. Refractive index profile of single mode fibre with core composed of Alo03—SiO2 glass.
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Fig. 3. Refractive index profile of single mode fibre with AloO3—P205—SiO2 core.
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Fig. 4. Spectral attenuation of single mode fibre with refractive index profile as in Fig. 3.

From the experiments, it may be concluded that our solution-doping technique
using the organic solution is determined for the single mode fibres preparation with
various index profile course. The fabricated single mode fibres show comparable
optical properties with fibres prepared by other workers by the MCVD method [2,
4, 5]. The process developed in our institute is suitable especially for the rare-earths
(high concentration) doped, single mode fibres used in devices, sensors, and in fibre
amplifiers.
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PRIPRAVA PREFOREM A OPTICKYCH VLAKEN OBSAHUIJ{CICH
HLIN{K METODOU ,SOLUTION-DOPING*

Otmar Sysala, Ivan Kasik, Ivana gpejtkové

Ustav chemie skelnych a keramickych materidlii CSAV, Lipovd 5, 120 00 Praha 2

Byla pripravena opticka vldkna se svétlovodnym jadrem s oxidem hlinitym modifikovanou metodou
depozice z plynné fize (MCVD) rozsifenou o techniku ,solution-doping*. Tato technika byla upravena
pro pouZiti dopantfi rozpuSténych v organickém rozpoustédle a byly odstranény veSkeré postupy pro-
vadéné mimo zafizeni MCVD. Na jednovidovych vldknech byl zkouman profil indexu lomu, ttlum
a mezni vlnové délka. Pripravend vldkna maji téméf trojihelnikovy a step-indexovy profil indexu lomu,
utlum v oblasti 950-1300 a 1550 nm pod 10 dB/km.

Obr. 1. Schéma depozice dopantid s nizkou tenzi par upravenou metodou ,solution-doping™: a — kfe-
menn4 trubice, b — porézni vrstva, ¢ — roztok dopantii v organickém rozpoustédle, Py o — okraje
reak¢ni komory.

Obr. 2. Profil indexu lomu jednovidového vldkna s jadrem o slozeni AlpO3—SiO5.

Obr. 3. Profil indexu lomu jednovidového vldkna s jadrem o sloZzeni AlpO3—P205—SiOs.

Obr. 4. Zavislost optickych ztrdt na vlnové délce jednovidového vldkna s profilem indexu lomu zné-
zornéném na obr. 3.

ITOJIYYEHME 3ATOTOBOK M BOTOKOHHBIX CBETOBOJOB C COJEPXKAHUEM
AJIIOMHWHUS C IIOMOIIBIO METOJJA SOLUTION-DOPING

OtmMmap Ceicana, MBan Kammuk, MBana IllneiiTkoBa

Hucmumym xumuu cmexoavhbix u kepamuieckux mamepuanos YCAH, Jlunosa 5, 120 00 I1paza 2

Bl 110J1yd4eHbl BOJIOKOHHBIE CBETOBO/IbI CO CBETOBOJIHOM CEPJIIIEBUHOM, CofiepxkKalleil OKCUNL
TpeXBaJICHTHOTO aJlIOMUHHUS, C IOMOIIIbIO MOAU(UIIMPOBAaHHOIO METO/1a XUMHYECKOT0 napodas3o-
Boro ocaxaeHust (MCVD), IOIIOJIHEHHOTO TeXHMKOI solution-doping. [TpuBOANMas TexHHKa ObLIa
npucrnoco6iieHa JJIg UCII0J b30BaHUS JIErMPYIOLIMX KOMIIOHEHTOB, PACTBOPEHHBIX B OPraHNYECKOM
pacTBopHTeJie U OBUIM HCKIIIOUEHBI BCE IPOBOAMMBIE ctocoObl KpoMe MCVD. B cirydae ogHOMO-
IOBBIX CBETOBOJOB HCCJIEIOBAJIM NPOWIb 1I0Ka3aTesis NpeJIOMJIeHHs, IIOTEPH W JJIMHY BOJIHBI
oTce4kH. [TosyueHHbIEe BOJIOKHA UIMEIOT IOYTH TPEYroJIbHbIH H CKa4K00Opa3HbIi MpoHIib I10Ka-
3aTeJIsl NpeJIoMIIeHNs, IoTepH B fuana3one 950-1300 u 1550 nm nHuke 10 dB/km.

Puc. 1. Cxema ocanoerus nezupyouyux KOMROHEHMOo8 ¢ HU3KOU Ynpy20Cmul0 HACbLUEHHO20 na-
Pa ¢ NOMOUbIO MOOUDUUUPOBAHHOZ0 MemoOa solution—doping: a — keapyeeaa mpy@ka, b
— nopucmbtii cA0W, ¢ — pacMeop Ae2UpyIoUUX KOMNOHERMOE 6 OP2AHUHECKOM PACMEODU-
meae, P; ; — kpau peakyuoHHOI Kamepbi.

Puc. 2. IIpoguns nokazamens npeaomaeHUR 0OHOMO008020 C8eM0800a CO CepOUesUHOI cocma-
80M Alej -Si0,.

Puc. 3. IIpoguabnokazamenn npeaomaeHus 00HOM0008020 C8eM0o800a CO cepOUeBUHOLL COCMa-
80M Alng—P_q—SiOZ.

Puc. 4. 3asucumocms onmuyieckux noneps 0m 0AUHbL 80AHbL OOHOMOO008020 C8eMmMo800da € NPo-
dunem nokazamena npeaomaerusn, uzobpaxcaemozo Ha puc. 3.
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