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INTRINSIC AND EXTRINSIC PROPERTIES OF
FIBER OPTIC SENSOR MATERIALS

I. INTRODUCTION

In recent years, considerable interest has been focused on the
development of a second generation of fiber optic materials. This
interest has been sparked by the prediction that heavy metal halide
glasses possess intrinsic transparencies several orders of magnitude
greater than oxide glasses and will offer the promise of greatly
increased repeater spacing for optical communication systems. Of a
number of candidate halide glasses having high intrinsic optical
transparency, the ZrFg-BaF2-LaF3-A¢F3 glass system, modified with LiF for
increased stability and with PbF2 for refractive index control, has
demonstrated the predicted A~% wavelength dependent scattering loss.l
Bulk glasses of this composition have demonstrated extrapolated
scattering losses of 2,7 x 10-3 dB/km at 4 um. This loss value is about
a factor of 2 higher than the projected theoretical level.

The discovery of this composition was a necessary first step in the
development of ultra-low loss fibers. The transition from a bulk glass
having an ultra-low extrapolated scattering loss to an optical fiber
having an actual absorption loss of comparable value is a difficult task,
requiring the identification and elimination of sources of extrinsic
absorption and scattering loss in the raw materials and glasses, and the
development of processes suitable for transforming the bulk material to
the fiber form without significantly increasing the inherent optical

attenuattion of the glass.




This report summarizes the progress made in this task and

i specifically focuses on three areas identified as essential to the
development of ultra-low loss halide glass fibers,

1. ldentification and elimination of extrinisic absorption r

and scattering losses.

2. High quality preform preparation. i

3. Loss minimization during fiber drawing.

[l. RAW MATERIAL CHARACTERIZATION

{ The intrinsic absorption minimum for glasses of the ZrFg system
occurs in the 3 to 4 um region. This region of maximum transparency lies
f at the intersection of the wavelength dependent Rayleigh scattering loss
.curve and the multiphonon absorption edge. A number of chemical species
are known to increase the absorption within this region of minimum loss.

The first is comprised of the di-valent transition elements Cu, Fe, Ni,

[

Co which have been shown to cause absorption losses as high as 130 dB/km
? in the 1 to 3 um region when present in halide glasses at the 1 ppm level.2
The second group, hydroxides and hydrates, show an intense absorption band
centered at 2.9 um. This absorption is attributable to the M-OH stretching
! mode and is characteristic of metal hydroxides as wellias hydrates and
surface absorbed water. A third group, oxides, do not absorb within this
i region but indirectly increase absorption by causing a shift in the
multi-phonon edge to a shorter wavelength, thus forcing the minimum up the

Rayleigh scattering loss curve. The first overtone for oxides in halide

glasses was found at 7.4 um for samples of the MRL composition spiked with
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both Zr02 and LazO3.3 Analytical methods have been developed to detect
the presence of these sources of absorption loss in the raw materials and
glasses and processes have been developed to minimize their

concentrations.

Sources of Transition Element Impurities

A systematic quantitative and qualitative analytical study using a DC
Plasma Spectrometer (Beckman Instruments, Inc.) has been conducted to

identi1fy the sources of transition element impurities in the bulk glasses

. prepared at ML.4 In-house prepared raw materials were analyzed for each

transition element. In the lanthanum and zirconium fluoride, Fe was found
at the 1 ppm level while the other elements were present at approximately
.1 ppm each. A1l other matrix components had impurity concentrations at
or near the analytical detection limit of 20 ppb. Since ZrfFs is the major
constituent at ~ 50 mote %, it is the major source of transition element
impurities. A thorough analysis of each step in the preparation of this
compound indicated that the source of the iron impurity was contaminated
Zr0C22. Successive recrystallizations failed to decrease the Fe content
of Zr0C%p after the first recrystallization. '

The use of high purity (< 5 ppb Fe) concentrated HC2 did not
significantly reduce the Fe concentration in re-precipitated Zr0OC22,
indicating that iron is probably preferentialiy absorbed onto or occluded
into the precipitate. A new purification technique, selective for both Fe

and Cu, was found to reduce these impurities to the 10-25 ppb level in

. .
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Zr0C22. This process offers an alternative and substantially improved
method for the preparation of high purity ZrOC22. If the subsequent
processing steps for the conversion of the oxychloride to the fluoride do
not contaminate the material, absorption losses due to iron and copper
impurities in the glass should drop to below the 1 dB/km level in the 2 to
3 um wavelength region.

A number of commercial sources of 2Zrfa (CERAC, ALFA, BDH, RARE EARTH
METALLIC) were also analyzed and total transition element levels ranged
from 10 ppm to several thousand ppm. It is apparent that no commercial

sources of higher purity than NRL prepared materials are yet available.

Hydroxide and Hydrate Contamination

The OH vibrational absorption band at 2.9 um is the single most
difficult obstacle to attaining ultra-low loss fibers from the halide
glass system. Differential thermal analysis (DTA) of all NRL-prepared
starting materials reveals that ZrFg and BaF2 contain significant
amounts of water bound chemically as the hydrate. Further study
indicates that these compounds undergo an endothermic reaction as they

are heated indicating either dehydration or irreversible chemical

‘transformation. If the latter reaction occurs in the case of IrFa,

it is likely that hydroxides, oxy-hydroxides, and oxyfluorides are
formed. In addition to the presence of water in the raw materials, a
second source of OH contamination has been identified as originating

from exposure of the melted glass to water vapor. This can occur during

melting or quenching.
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This latter observation indicates that all glass processing must be
performed in a relatively water-free atmosphere to eliminate OH
contamination. Two processes have been developed to reduce OH
contamination of the fluoride glass. The first involves the use of a
reactive atmosphere designed to convert hydroxides to fluorides by
the presence of free fluorine generated over the melted glass by the
decomposition of either CFg or SF5.5 Using this method, reprocessed i

glasses having bulk OH absorption bands < 2000 dB/km have been prepared.

A second process using an inert atmosphere of Argon containing less than

10 ppm of H20 has successfully reduced the OH band to < 1000 dB/km. With

v both processes, the ultimate OH level may be determined by the actual

level of water contamination in the environment in which the glass is

———e

processed.
The OH absorption band intensities given for both processes are
upper limits determined on bulk glasses. More precise values will be

available when absorption spectra for fibers prepared from glasses

processed using these OH reducing procedures become available.

Several other RAP systems utilizing CC2q, I2, HF, Brp as reactive

gases were studied and were found to be less effective in reducing OH

absorption than the CF4q and SFg processes.6

Oxide Impurities

The observed oxide induced multiphonon edge shift has been found to
be dependent on the history of the glass sample.3 Glasses prepared from

raw materials processed with ammonium bifluoride, quenched, and then

remelted, tend to show less intense oxide bands when spiked with 1 wt %
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Zr02 or Lag03 than do glasses prepared without ammonium bifluoride. This
observation indfcates that HF is retained in the melt and successfully
converts the added oxides to fluorides during the remelting process. It
is also expected that oxides and hydroxides, generated from the
decomposition of hydrates in the raw materials will also be converted to
fluorides by the RAP process described above, thus reducing the

attenuation increase due to multiphonon edge shift.

Sources of Extrinsic Scattering Losses

A major factor preventing the attainment of the theoretical
predicted minimum loss is the presence of extrinsic scattering due to the
formation of cnys%allites in bulk glasses and preforms prepared by
casting techniques. An intensive study has been conducted to
characterize a number of these crystallites so that processing and minor
compositional changes can be made in order to avoid devitrification.7

Optical microscopy with transmitted polarized 1ight was found to be
the most useful technique for rapid characterization of the degree of
crystallization and identification of the crystal habit. Micro x-ray
diffraction analysis coupled with x-ray fluorescent analysis has
successfully been used to identify a commonly found cubic crystal as Azf3
while two other different crystal morphologies have been identified as
LaF3. These aobservations indicate that a minor reduction in the A4F3 and
LaF3 content of the glasses may be needed in order to prevent devitrifi-
cation,

Two additfonal sources of extrin.ic scattering have been identified.

Melts exposed to water vapor during quenching tend to yield glasses

having a lower glass stability. Oxides added to stable glass melts
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likewise cause devitrification at concentrations as Tow as .2 wt %, The
additional scattering from both sources may originate from oxyfluoride
formation. The processes for the reduction in scattering arising from

these sources have been discussed in detail in previous sections.
III. PREFORM PREPARATION METHODS

Achieving successful waveguide structure is dependent on the
development of compatible core and clad glasses as well as configuring
these glasses as a cylindrical preform with a high degree of
concentricity. The configuration process can be accomplished in a
variety of ways. However, the most satisfactory method reported to date
is a rotational casting technique developed at NRL in 1982.8 This
process represents a substantial advance in the state-of-the-art of
preform fabrication for fluoride glasses.

In this innovative process, a molten cladding glass is poured into a
heated metal mold which is spun horizontally and gradually cooled until a
fluoride glass tube is formed. Tubes prepared in this manner are found
to be extremely uniform over the entire length of the sample. Core glass
can then either be poured into the hollow tube or drawn into it under
a vacuum, The resuit is an extremely high quality preform. The
mechanical apparatus used for mold rotation is a modified lathe capable
of generating 5000 rpm within a few seconds and which can fit into the
controlled atmosphere glove box, thus allowing preform fabrication in an
inert, water-free atmosphere,

Additionally, a vapor phase approach, termed reactive vapor

transport process (RVT), has been investigated for preform preparation.9
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Refractive index profiles obtained from preforms prepared via this novel
technigue indicates that both multimode graded-index and monomode

fluoride fiber waveguides can be readily prepared.
IV, MINIMIZATION OF INDUCED DRAWING LOSS

Total optical loss of drawn fibers is the sum of intrinsic
scattering loss, drawing-induced losses, and extrinsic absorption and
scattering losses associated with material impurity levels, glass
processing, core-clad interface imperfections, etc. The minimizati f
drawing-induced losses requires that parameters such as preform fee
rate, fiber take-up rate, drawing temperature control, and hot-zont
length be optimized. To evaluate drawing loss, a number of preforn. ere
prepared by polishing rods cut from non-cast glasses, rods cast in a gold
coated mold and glass cladded preforms prepared by the rotational casting
process. Preliminary draws indicated that samples not cladded with
teflon FEP tended to crystallize at the rod neck~down and yielded
exceptionally (> 10000 dB/km) lossy fibers. The cause for this
crystallization is thought to be due :o either water vapor induced
nucleation or nucleation initiated by the mechanical stresses of glass
expansion and contraction as the glass passes thru the hot-zone region.
In addition, a hot-zone greater than 5 to 7 mm in length generally caused
high induced scattering. A furnace redesign allowing for atmosphere
controlled RF heating at the neck-down is being implemented.]0

Using a reduced hot zone length (5 to 7 mm) with an optimum drawing
temperature of 303°C at a drawing speed of 5 m/min, fibers of 315 um

overall diameter were obtained from an FEP cladded highly polished




fluoride glass rod of 13 mm diameter. Scattering loss measurements for
these fibers verified Rayleigh behavior. The extrapolated Rayleigh

scattering Toss was determined to be .012 dB/km at 4 um. A wavelength

independent scattering off-set of 5.08 dB/km, due mainly to core-clad
interface defects and due partly to higher-order cladding and leaky .

modes, was characteristic of the fibers drawn from that particular ;i

preform.
Loss measurements of fibers drawn from similarly prepared rods
showed bulk scattering losses only several times higher than the Rayleigh 4

scattering loss of the bulk rod. These results indicate that even with a

rather long hot zone and an uncontroliled atmosphere at the neck-down,
drawing induced scattering is exceptionally low. Further reductions
in induced scattering can be expected with use of the RF drawing

furnace.

V. CONCLUSIONS

—- - The major sources of extrinsic absorption and scattering losses in
fluorozirconate g]ésses and fibers have been identified. The origin of
transition element impurities has been determined and a new separation
process for their removal has been developed. A new reactive atmosphere

process for reducing anion impurities is currently in use., Hydroxide

contamination from atmospheric water has been recognized and glass
processing and rod casting is being conducted in a specially designed
atmosphere controlled glovebox. A recent modification will allow for the
rotational casting of preforms within the glove box. Two processes

suitable for preparing multimode preforms have been developed. Their .
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fluoride glass rod of 13 mm diameter. Scattering loss measurements for

these fibers verified Rayleigh behavior. The extrapolated Rayleigh
scattering loss was determined to be .012 d8/km at 4 um. A wavelength
independent scattering off-set of 5.08 dB/km, due mainly to core-clad
interface defects and due partly to higher-order cladding and leaky
modes, was characteristic of the fibers drawn from that particular
preform. 1

Loss measurements of fibers drawn from similarly prepared rods
showed bulk scattering losses only several times higher than the Rayleigh
scattering loss of the bulk rod. These results indicate that even with a
rather long hot zone and an uncontrolled atmosphere at the neck~down,
drawing induced scattering is exceptionally low. Further reductions
in induced scattering can be expected with use of the RF drawing

furnace.
V. CONCLUSIONS

— + The major sources of extrinsic absorption and scattering losses in
fluorozirconate glésses and fibers have been identified. The origin of
transition element impurities has been determined and a new separation
process for their removal has been developed. A new reactive atmosphere
process for reducing anion impurities is currently in use. Hydroxide
contamination from atmospheric water has been recognized and glass
processing and rod casting is being conducted in a specially designed
atmosphere controlled glovebox. A recent modification will allow for the
rotational casting of preforms within the glove box. Two processes

suitable for preparing multimode preforms have been developed. Their __




- applicability for single mode preform essential for long length
repeaterless data transmission, appears promising. The extent of drawing
induced scattering loss has been determined and its reduction can be
expected with the use cf atmosphere controlled RF furnace.

Continued reduction in total extrinsic loss can be expected as these

techniques and processes are totally integrated into the low loss fiber 1

program,
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PREPARATION OF HEAVY METAL FLUORIDE GLASS OPTICAL FIBERS
(A New Approach)

D. C. Tran, M. J. Burk and G. H. Sigel, Jr.
Naval Research Laboratory
Washington, DC 20375

A vapor phase approach, termed reactive vapor transport process (RVT),
was investigated for the fabrication of fluoride glass optical fibers. The
refractive index profiles, obtained from preforms prepared via the novel
technique, indicate tﬂat both multimode graded-index and monomode fluoride

% glass fiber wavegu{dés can be readily prepared.

The only method for making fluoride glass fibers known to date is fo cast
the fluoride glass melts.1=3 The casting process appears to be limited to
step-index fibers. In addition, careful examination of our cast preforms of
substantial lengths (> 6 in) genera]ly revealed density variations in the core
and microcrystallites at the core-clad interface. These scattering defects
have resulted in wavelength-independent fiber losses ranging from 5 dB/km4
to several hundred d8/km. To avoid casting the melts, a reactive vapor or
mixture of vapors originated from low vapor pressure metal halides or from
halogenated gases, were carried inside a fluoride glass tube. Witn proper
control of processing parameters such as temperature, time, and reactive vapor
concentration, substantial amounts of chlorine, bromine, or iodine ions were
exchanged and incorporated into the fluoride glass structure, thus raising the
refractive index and forming a core region. A cross-section of a fluoride
glass tube preform is shown in Fig. 1.

The difference in refractive indices an = [ny - n(b)] is plotted against

b in Fig. 2, where n; represents the measured index at the inner wall of the

————

. tube and b is the overall tube wall thickness. The parabolic index profile

suggests a diffusion controlled process. -The index difference of Fiyg. ¢

i1
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corresponds to a N.A. of only 0.045, However, in separate RVT experiments, it
was demonstrated that N.A. > 0.1 and ¢ (core wall thickness of Fig. 1) » 3 cm
can be achieved. Optical characteriation of the core glass revealed a sltight
shift of the IR edge toward longer wavelengths, an appearance of two IR
reflectivity bands at around 549 cm! and 478 cm~1, and a substantial decrease
in the OH absorption band with respect to the cladding glass. All of these
are attributed to the presence of Co, Br, or I in the core glass structure.
There was no microcrystals present at the core-ciad interface.

In summary, a new.flhoride glass fiber manufacturing process using
reactive vapors was developed to suppress the extrinsic scattering loss
generally observed in our substantially long cast preforms. In addition, the
new approach allows (1) the modeling of the refractive index profile by
varying the processing conditiong, (2) the preparation of fluoride glass
preforms having a very small core, (3) the prevention of OH contamination

v

since reactive vapors are used, and (4) the prevention of contamination from

dirt particles since it is an inside process.
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Figure Captions

figure 1|

Figure 2

Crass-section of a fluoride glass tube preform.

Index profile of a fluoride glass tube preform

{an = nj-n(b), where nj = n(0 um) = 1.5090]
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TRACE IMPURITY ANALYSIS OF FLUORIDE GLASSES AND MATERIALS

C. F. Fisher, P. Nordquist, and D. C. Tran
Naval Research Laboratory
Washington, DC 20375
A number of selected instrumental techniques applicable for the

qualitative and quantitative analysis of transition and rare earth element
impurities at the ppb to ppm concentration levels in raw materials and final
glasses is discussed. Chemical problems associated with reagent impurities,
material solution, matri};impurity separation and impurity reconcentration are
outlined. Preliminary results for analysis by 0.C. plasma spectro-photometry
of selected transition and rare earth-elements in glasses, in raw materials
from various commercial sources, and in laboratory prepared materials purified
by sublimation and solution recr&sta]lization are presented.

Transition metal impurities at the 1 ppm level in fluoride glasses have
been shown to cause extrinsic absorption losses as high as 130 dB/km in the
1 to3 u_region.1 The presence of impurities at this concentration level in
fibers is evident in the loss spectra of a recently reported fiber drawn at
NRL which had an absorption loss in the same wavelength region of from 50 to
100 dB/km.2 Future progress in reducing the total attenuation loss of fluoride
glass fibers is very likely to be dependent upon the elimination of the
sources of these impurities. The task of identification, quantification and
elimination requires the judicious choice of a suitable analytical instrument
and the development of analytical techniques capable of providing data
routinely at the sub-ppm level. Of the various instruments availahle. DC
plasma spectrometry offers a number of advantages over other methods such as
ICP, atomic absorption, mass spectra and uv-visible spectrometers. Employing

this analytical method, we have evaluated the purity of a number of commercial




sources of fluoride glass reagents and several in-house purified materials.

Commercial sources of Irfg, a major component of the NRL glass
composition, ranged in impurity levels from several thousand ppm to 10 ppm.
Iron was generally found at an order of magnitude greater than the
concentration of Cu, Co or Ni. No commercial source having ! ppm or less of
iron was found for this material. Lanthanum oxide from two sources had iron
concentrations at the 1 ppm level. Barium carbonate, lithium carbonate and
aluminum oxide -- reagents.from which fluorides can be readily prepared --
showed impurity levels at less than a few hundred ppm.

These data indicate that the major source of transition element
impurities in fluoride glasses of the NRL composition prepared from
commercially available reagents oziginate with the ZrF4 component.
Purification by multiple sublimations of this reagent can reduce the Fe

impurity content to the 5-10 ppm level.

References
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‘ FLUORIDE GLASS FIBERS WITH ULTRA-LOW INTRINSIC LOSSES

D. C. TRAN, C, F. FISHER, K., H. LEVIN, R. J. GINTHER,
AND G. H. SIGEL, JR.
NAVAL RESEARCH LABORATORY, CODE 6570
WASHINGTON, DC 20375
(202)767-3487

Abstract

Recent advances in ultra-low attenuation waveguides are
reported including development of stable flucride glasses,
fabrication of large, uniform

efficient removal of OH ions,
and reduction of light

preforms and kilometer length fibers,
scattering to near intrinsic levels,
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Recent advances in the area of non-silica based IR fiber
waveguides have led toward the emergence of multi-component ZIrfy
based glass fibers as leading. candidates for ultra-low loss fiber
applications.!»2 This paper will summarize the very significant
technical progress we have made recently towards achieving the
projected ultimate minimum loss of 10-3 dB/km in fluoride glass
fibers. This includes the selection of stable, compatible,
core-cladding fluoride glass compositions, the implementation of a
rotational casting techniqu% for uniform preform preparation, the
substantial reduction of scattering losses to intrinsic Rayleigh
scattering in bulk glass rods as well as in fibers, and the
elimination of OH absorption by the melting of glasses in reactive |
atmofpheres. ' -
Fludride glass compositions investigated were fundamentally f
three-component Irf4-B8aFy-LaF3 systems but doped with LiF and/or
Pbfy - to fmprove glass stability and viscosity-temperature '
characteristics which are essentfal for fiber drawing. The
additfon of Lif and PbF, largely increases the working range by >
13°C and decreases the activation energy for viscous flow to as
Tow as 88 kcal/mole. The selected core-clad compositions also i
provide compatible expansion coefficients for preform fabrication ?
and a high fiber numerical aperture of 0.2. 1
The rotational casting approach allows the preparation of a '
lang-length concentric fluorfde-glass cladding tube with precise ;
control of the inner diameter. Fluoride glass preforms having {
controlled core/clad ratios can be obtained by casting the core ’
melt {nto the tube, or alternatively, a rod and tube process can
be applied.3
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Direct measurements of light scattering losses in 2IrF4 based
glasses as well as fin fibers have verified that light scattering in
highly stable fluoride glasses and fibers obeys the explicit A-4
Rayleigh behavior. The data project to an ultra-low minimum of
0.0027 dB/km and 0,01 dB/km, at 4 um, for a 51.53 ZrFgq - 20.47 Baf
- §.27 LaF3 ~ 3.24 A2F3 - 19.49 LiF bulk glass and a 51 Irfy -

16 BaFp - 5 Laf3 - 3 AtF3 - 20 LiF - S PbFp teflon-cladded
fiber, respectively -- see Figures 1 and 2.

Substantial progress was also obtafined in the reduction of OH
absorption in fluoride bulk glasses and fibers. Using an SFg
reactive atmosphere during melting, bulk OH content has been
reduced to an estimated attenuation level of less than several
hundred dB/km at 2.9 um,? the peak of the OH fundamental
absorption,

In summary, this paper reports for the first time the
reduction of scattering losses to virtually intrinsic levels in
zirconium fluoride-based glasses. [n addition, OH levels have been
dramatically lowered by reactive melting in SFg atmospheres. The
combination of highly stable glass compositions, purification, and
recently developed rotational preform casting techniques have
permitted the fabrication of low loss fluoride glass fibers in
1engtﬂs‘approach1ng 1 km.
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Figure Captions

Fig. 1 Scattering loss spectrum for a 51.53 Irfgq -
20.47 BaFp - 5,27 LaFjy - 3.24 ALF3 - 19.49 LiF glass.

Fig. 2 Scattering loss spectrum for a S Irfs - 16 BaFy -
5 LaF3 - 3 ALF3 - 20 LiF - 5 PbF, teflon-cladded
fiber. The 3 dB/km off-.set is mainly due to
fnterface scattering defects.
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Minimization of OH- absorption and scattering
losses in zirconium fluoride glasses

D C TRAN. C. F FISHER, K. L. LEVIN, snd GEORGE
" SIGEL. JA. U.S. Nevel Ressarch Laboratory.
Washington, D.C. 2037S.

The most smportant criterign in maximizing the R
vanaparency of fuoride Ylssass lor low-loss optical
1ider apphcations i3 1he elimination of the amonic
mpuities, mainly OH, which enter the glasa during
e batciwng and melting procseses.’ By snalogy
with he OM sheorption coetficien in silica Qlass
fioer. @ was estrrated that 1-0pm OM would grve rise
© 8 5000-0B/km 1088 &t 2.9 um? in fuorde gless
tibers. in addition. particie inclusions, phase sep-

. and of 0 or crys-
WBHIZAUON, winch result N high SCAternng 108ses.
must be totally suppressed. Previously the mni-
frurn OM abecrplion 1088 reporied for 8 fuoride glaas
fder was ~ 1000 dB/km st 2.9 um, and he lowest

"G loss Co for 8 thuonde glass 700
was estimaied 10 08 65 BAM R 0633 um? nvwe
paper. substantially jower icsses have been
ACheved UsINg rEaCtve IMOSPhEre proceesing 10
romove OH and oroper meling, retining, and
quenching CONGRIONs (0 eliminate scaflenng v
partections.

A asnospt pr g of
Auoride-based glesses wing SF¢, MF. CCL,, CF . ard
N JF3 has boen conducied.  The ement of bullk OM
removel determined a8 & function of reaction time,
processing evpershse, and gas Aow rate hus Deen

oride glassss will be dts nFig. 1, apx

10 en ~78.000-0B/km i0es st 3400 om™' due 0
arfece and bulk OH for @ 2irconium fuoride-besed
glsss processed under an inert gas aENORphere.
The effect of processing the same sample under an
SF, o Is i in spectrum

8. The residhsl 0N abearpiion band s Curve B8 ro-
mained unchenged with sample Whichaess
wggesting hat sssentinlly only surtace OM remans
afer Sugh prooessing.

The ecoatiering icesss in bulk RuoreRirosvmte
glaseas have iso bosn Vestigaiod as & Amolion
of meliing and refining procsdres, Quenching rses,
and ey Gwwing tonpemtres.  The scaliering loss
was Mmeansed Using an Ar-ion lseer end & Me-Ne
lnser I conjunclion with 8 aificon photodiods ¢o-
taoiy. The tight signal tom & aval solld angle wes
Gotectnd as & Amclion of scanering angle e
wovelongih. The massurement system was call-
trated ysing benzens ss & standary. Figure 2 8-
strates e lowest scefigring loss Curvently
achieved lor 8 2irconasm fluoride glase, Matching
hat of & high-gurity Suprasht | and fotiowing 8 A™*
wavelengih dependence characteristic of inrinaic
Rayisigh scatering.

n summary, $his DAPET FEDOrts AUVANCES in two
arees essential lor the developmem of high-rane-
perency fiuoride giass fibers, namely, OH removel
ang sharply reduced scaltering losees. This has
u_-nmwuwumms.

+ stfnosphere proosssmny as well as optimiced thewal

processing of the bulk glass. (13 min)

1. C.F.Figher, D.C. Tran, 8d G M. Sigel, v, st Fell
Mosting of the American Ceramic Socty.
Bedlord Springs. Pe. (1982).

2. S. Miachi and T. Miyashit, Elscon. Lex. 18,
170 (1962).
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Minimization of OH absorption and scattering
losses in zirconium fluoride glasses
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CHARACTERIZATION OF CRYSTALS IN
FLUOROZIRCONATE GLASSES

G. Lu, C. P. Fisher, M. J. Burk and D. C. Tran
Naval Research Laboratory
Washington, D.C. 20375

Extrinsic scattering due to the formation of crystallites

is one of the factors which has prevented the theoretically pre-
dicted minimum loss from being attained in fluoride optical fibers.
It is important to characterize these crystallites so that the
processing parameters can be modified to avoid devitrification. For
optical fiber research, it is more important to identify the first
crystals which appear in the glass, rather than to simply charac-
terize the final crystallization products in a mostly or totally

)
crystallized sample. Even extemely low levels of crystallization

such as Vc < 10-10, where Vc is the volume fraction crystallized,
cannot be tolerated in ultra~low loss optical fibers.

'Ih this study, the degree of crystallization of the ZrF4-BaF-
LiF-AlF3~LaF3 glass composition ranged from vcf::lo-6 to less than
10'10. The crystallites were analyzed by optical microscopy, micro
X-ray diffraction, and SEM. Optical microscopy with transmitted
polarized light was found to be the most useful technique for rapid
characterization of the degree of crystallization and identification
of the crystal habit. The electron image mode from the SEM was not
found to be useful for such a low degree of crystallization. With-

out careful preparation, there was virtually no chance that a

crystal could be found on the surface of the sample.
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. The analysis of fluorescent X-rays from the SEM was also found to be

of limited value since lithium could not be detected, the lanthanum

peaks were usually masked by the barium peaks, and the aluminum peak
was partially masked by the large zirconium peak. Micro X-ray dif- i
fraction was found to be the most useful technique for identifying W
the crystalline phase. Particles as small as a few microns could be {
analyzed in a specially prepared X-ray diffractometer.

Many different crystallization products were observed to form
from the same glass .composition, depending on the processing condi-

tions. Several of the common ones were analyzed in more detail.

The cubic particle in Figure 1 was identified by micro X-ray
diffraction as AlF3, while the hexagonal platelet in Figure 2 was
identified as LaF3. The :ssults are also consistent with SEM/EDAX
analyses on isolated crystals and with birefringences reported in
the literature.

Although many different crystals were observed over the course
of thé'investigation, there were usually only one or two morpho-

logies present in a given sample. These well-~formed crystals grew

during quenching and were not undisgolved batch. Such monitoring of
the crystallization products can show whether the high-temperature
melting process has been sufficient to dissolve all crystals and
whether the quenching rate is sufficiently high to prevent signifi-
cant recrystallization.

The scattering coefficient of these crystals was calculated for

a wavelength of 4 microns. It was assumed that the crystals were




spherical in shape. For relative refractive indices of m = 0.9 or

m = 1.1, it was found that the scattering coefficient increased as
r2 (where r is the radius) over the range of particle sizes r = 0.5
microns to r = 5 micronsa. For small particles, the scattering coef-
ficient was relatively independent of refractive index. For larger
particles, the scattering coefficient increased dramatically when
m< 0.9 0orm > 1.1,

This study has found optical microscopy to be the most powerful
tool in characterizing the state of crystallization of a glass suit-
able for optical fibers. With this knowledge of the crystallite
size, number and morphology, the processing conditions can be modi-

fied to minimize crystallization.
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RAYLEIGH SCATTERING IN FLUORIOE
GLASS OPTICAL FIBRES

indvxing torms. Optival ives, Scavtorng, Glasses

The prasent study has verifiad for the first time (he explicit
47* Raylesigh behaviour of light soattering in Auoride glase
uptical Abres sud has projecied se wlirs-dow Reyleigh sout-
tering loss of o1 leust 0-012 dB/ken 01 4 yon.

loss was determined by first mossuring the signal resulting
from the acattered light P, sad then positioning the Kbre
outpwt end within the sphore 10 measure the total power in
ma_u,:r The scavtering loss «, can then be calculated
from

434 x 10° P
" —r——— el
2, (dB/km) Tiom P )

where L. 15 the fibre length sampled which curresponds to the

Imroduciion. Recently, i was demonstrated that the red

munimum of 2.7 x 1072 dB/km st ¢ pm.' Scattering losses in
nmnw‘ummunnmnm

repomﬂlodnnmmndlywuunnlub-d
fibres.* and do not follow the explicit 4 * Rayleigh depen.

Jence but viry only as the inverss square of the wavelength.’
This latter type of scatiering was attsibuted to Aibre inhomoge-
m«u“unwm&mtﬁcnvﬂnﬂl\ﬂhm’l-
the present study, the direct g losses
as al of wavelength was ' l‘ofthﬁmmu
mﬂwwﬁ&-muwmwr‘mm
more, the presest investigstion has verified for the first time
the intrinsic Rayleigh behaviour of light scattering in Auoride
glass fibres, and has projected an ultra-low Rayleigh scatiering
loss of at least 0-012 dB/km at 4 yum.

Preparation of fluoride glass fibres: Fluoride fibres were
prepared from the highly sisble ZrF,-BSF,-LaF,-LiF-
AIF ,-PYF, giass system® using the batching and melting pro-
cedure described earlier.'* The fluoride melts were cast into
moulds to lorm giass rods, 10 cm loag and ! cm in diameter,
having a refractive index of 1-525. The rods were then coated
with Teflon FEP and drawn into fAibres using a resistance
furnace. The drawing tempersture was set at 303°C and the
drawing speed was maintained a3t S m/min. The fidres
obtained were generaily 40 m long, 315 um in overall diameter
and 10 um in polymer cladding thickness.

mm
Defce  objsctve  mode SYEDN

Fig ) Ligh .wm«in expevimentel set-up

Direvi meanwrement of fibre scattering losses. Samples of fluo-
nde giass fibre, each | m long. were randomly selected from a
40 m-long Abre for testing. The experimental set-up for light
scatiering messuremnent is shown in Fig. |. lncident light from
cither an Argon-ion, He-Ne or Nd: YAG laser was chopped
und launched through a pinbols, and was then focused onto
the Teflon-ciad fluoride glass fibre with 3 10 x microscope
nbpmmlmNA-on.Cm.otbmww
by using S-shaped mode srippers and black strips of cloth
saturated with index-maiching oil. The scattered light was col-
lected using an integrating sphare measuring 7 an in diameter
and containing s silicon-photadiode desector. Index-masching
liqued droplets were placed on the Abre within the sphere to
remove any scattered Nght trapped in the cladding, 50 thet it
would sleo be included in the measurement. To eliminate the
light scattered and reflected back from the detector end of the
fibre. the outpwt end of the fibre was terminated n index.
maiching oil during the messurement. The light signal
detected from the integrating sphere passed through a low-
norse preamphfier and into 8 lock-in amplifier The scaltenng

di of the sp

Resulis und discussion. Under s visible incident lase: beam.
the. light scatiered from the Teflon-clad fluoride glass fibre
samples appeared visually identical to that of low-loss silica
fibres, namely dim and homogeneous throughout the fibre
The fibre spectral scattering loss data are plotied in Fig 2. A
least-squares fit 1o the resulis indicates that the loss can be
expressed as

x, (dB/km) « 3-16/4° + 5-08 2

where 3-16/4° (dB/km) represents the Rayleigh scatiening loss
contribution which projects 10 0012 dB/km at 4 um, and
where 508 dB/km represents the wavelength-independent
scattering off-set which is due mainly to coreclad interface
defects and pardy to high-order cladding and leaky modes

waveiength m
106 0633 05K 048 0472 0430
- v ——

a fluorde glass rod
o Tetion -clod tiuoride glass fibre
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scatienng ioss dB/em
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Fig 2 Fibre  specteal  scavterimy  dnss  for  a Lrf ,-Bab
LuF - AIF ;-LF -PHF , Teflonlnd fibee

S ing loss was slso carried out for a fluor
ide glass rod. before it was covered with Teflon and drawn
into Abres. using an cxperimental se1-up described carlier.' As
sbwninFi..leullmmn'quco(‘ldem
obtained at 0-6328 um. which is about three times lower than
the Rayleigh scattering loss observed in the dnvm fibre. The
data suggest the formation of fibre drawi
centres whose size is smaller than the wanlemh of h.m
Such centres may originate at the coreclad boundary from
surface roughness of 1he mechanically polished glass rod.
and/or inside the bulk of the fibre itsell because of the imposed
drawing conditions, such as temperature and feed rate. Opui-
misation of drawing conditions should result w the further
reduction of fibre scattering iosses towards the bulk glass
levefs

Concl in (M study has venfied 1or
the first time the Rayleigh ch of light scattering losses
in fluonde glass fibres. In addition the spectral Raviewgh
swatiening-loss data obtained fur & Teflon-clad fluonide glass
fibre. prepared from a ghly <table ZrF,-hased glass system
project Lo an vitra-low loss of at least 0-012 dB-km at $ jn

Reprinted from ELECTRONICS LETTERS 3rd Maerch 1983 Vol. 19 No. 5 pp 168-166




FLUORIDE GLASS PREFORMS PREPARED
8Y A ROTATIONAL CASTING PROCESS

casting prooess typically display sn undesirsble tspering of

core and ciadding dimensions along the iength of the cast tube
assembly. In this letter, we repoft & new approsch for pre-
paring all fluoride glase Ilbl-fmnm bnvm;lu.h

ﬁbmmmdyuh.huédﬂ/muumdumnm.
uupunn-unhe hnical grade fi aw

and drawi . m‘l’lnilwwitym-

centration o(thcdmmppm. i

Matrics DC Argon Plasma Spectra-Span [IIB Fqlﬁi.

radial and loagitudinal uniformity sad
core/ciad ratios. In .ddmon. this new MM nﬂovn uplul
ing to large-sizs p g these d d pre-
form dimensional dnrmuc
Table t CORE AND CLADDING FLUORIDE

GLASS COMPOSITIONS

Glass
composition 2rF, BaF, LaF, AIF, LiF PbF,

mole %

1 b2} 19 5 3 20
1 $1-3 17 S 3 20 37
m $1 16 ] 3 20 5
Tsble 2 FLUORIDE GLASS PHYSICAL
PROPERTIES
Glass
compositions Tg Tx ] niat 0-63 um)
c C € gt
I 275 357 1-41(45-255°C) 1512
it 254 348 1-517
[{1] 257 360 1-34(45-195°C) 1-528
Method: The core and ci glass and corre-
sponding glass transition temperature (T;). crystailisation
(Tx), jon coeflicient (1), and refractive

index (n) are listod in Tables ! and 2 Fibre preforms were
prepared (rom paired compositions | and 11, [I and 111, and |
and [1I; the last combination yielded the highest numenical
npmmofozmwghnmphmmduuun‘

i grade fi crucibles under
mmmnlm'cfwwm Anduutndu-
molnnnnly for

glasns prof i ill d in Fig. 1. Thtdaddmg

cagdng gass Mokt core gass, mell

<
=N

Fig. | Rovatiens! casting precess
wm-mnmnm-m. gold-coated cylindncal

at around Tg and was then rotated with an
Em gonml S lathe at spesds 2 3000 rev/min. A highly

Cu(0-58), Ew(l- 82). smosz). Ce(] 9 md T(< 0-5). Fibre
losses are y with proper con-
trol of ﬁbn: drl\vm; p-nmen. md w“h the use of hn;h
purity and

and dnm For the moet part. the purpose of the work
reported here was 10 develop and demonstrate the new pre-
form fabrication process.

'I'Fl fjim

F‘[IplCmrndwudMWofcrﬂamdemrwlau
n
Core diameter = 775 mm. cladding thickness = 125 mm
NA = 02

- IR SSu RO
A R N T £
rodus,

Pb)s«wxmﬁbn{-mutrmmlmllulll
Core diameter = 106 mm. cladding thickeess =07 mm
NA = 056, inder of reference ovl ~ { %Y

Reprinted from ELECTRONICS LETTERS 22nd JULY 1982 Vol. 18 No. 15 pp 657-658




Comclusion . It has been demonstrated that the rotutional cus
ung process can be employed to prepare Huoride gluss fibre
preforms having & uniform and controlled core. clad ratio The
new technique permits for the first time the preparation ol
lurge fluoride glass preforms essential for the future fabrication
o long distance repeaterless data links
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