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Α hybr idized fabr ica t ion process for s ing le -mode opt ica l fibers has been studied. T h e process consists of direct overcladding a VAD-
derived core r o d wi th a p o r o u s b o d y m a d e f rom commercia l silica powder by means of the cold isostatic pressing technique. By 
us ing a mix tu re of m a i n silica powde r wi th a n average particle d iameter of 10 p m and 1 w t% of fine silica powder with an average 
par t ic le d i a m e t e r of 0.04 p m a n d a core rod hav ing a core/cladding diameter rat io of 1/2.4 as s tar t ing materials, large preforms for 
300 k m fibers were fabricated, which were d r a w n in to fibers wi th a t tenuat ion losses of 0.350 d B / k m at 1.31 p m and 0.232 dB/km at 
1.55 p m . In the process , a special r ubbe r m o l d w i th a s t ructure in which b o t h ends of the core rod are pressed by hydrostatic pressure 
m a k e s the fabr ica t ion of large hybr id ized soo t p re forms possible, plastic deformat ion of the po rous body dur ing degreasing being 
remarkab ly r educed by us ing a suitable c o n t e n t of glycerol. 

Herstellung großer Vorformen für verlustarme optische Einmodenfasern durch ein Hybridverfahren 

Es w u r d e ein Hybr idve r f ah ren zur Hers te l lung v o n optischen Einmodenfasern untersucht . D a s Verfahren besteht aus dem direkten 
U m m a n t e l n eines n a c h der V A D - M e t h o d e e rzeug ten Kernstabes mit einem porösen Körpe r aus handelsübl ichem Kieselglaspulver 
n a c h der M e t h o d e des isosta t ischen Kal tpressens . U n t e r Verwendung einer Mischung , bes tehend hauptsächl ich aus Kieselglaspulver 
mi t einer durchschn i t t l i chen K o r n g r ö ß e von 10 p m u n d einem Massenante i l von 1 % feinem Kieselglaspulver mit einer durchschni t t 
lichen K o r n g r ö ß e von 0,04 p m , u n d eines K e r n s t a b e s mit einem Kern /Mante l -Durchmesserverhä l tn i s von 1/2,4 als Ausgangsmater ia
lien w u r d e n g roße Vor formen für 300 k m lange Fase rn hergestellt, die zu Fasern mit Dämpfungsver lus ten von 0,350 dB/km bei einer 
Cutoff-Wellenlänge von 1,31 p m u n d 0,232 d B / k m bei einer solchen von 1,55 p m ausgezogen wurden . Bei diesem Verfahren e rmög
licht eine spezielle G u m m i f o r m , in die mi t hydros ta t i schem D r u c k beide Enden des Kerns tabes gepreßt werden, die Herstel lung 
großer H y b r i d - A u f d a m p f v o r f o r m e n , wobei die plast ische Verformung des porösen Körpers während des Ausbrennens des organi
schen Bindemi t te l s deut l ich reduzier t wird , w e n n ein entsprechender Glycerinanteil verwendet wird. 

1. Introduction 
Silica opt ical fibers for opt ical te lecommunica t ions have 
been p roduced generally by Chemical Vapor Deposi t ion 
( C V D ) techniques such as Vapor phase Axial Depo
sition (VAD), Modif ied Chemical Vapor Deposi t ion 
( M C V D ) a n d Outs ide Vapor Depos i t ion (OVD) . 

Recently new processes have been investigated for the 
fabrication of opt ical fibers, especially single-mode op
tical fibers. O n e is the a l l -powder-forming process, for 
example the Mechanica l ly Shaped Pre forms (MSP) 
m e t h o d [1 a n d 2], in v^hich the core a n d the cladding are 
m a d e simultaneously. A l t h o u g h the m i n i m u m of attenu
at ion in s ingle-mode fibers fabricated by M S P was re
duced to 0.27 d B / k m at 1550 n m a n d 0.49 dB/km at 
1310 n m , it is still considerably higher t h a n with C V D 
fibers as D o r n et al. men t ioned [2]. In addi t ion, they 
also identified reboil ing dur ing preform stretching and 
fiber drawing as the last remain ing p r o b l e m of the pro
cess. T h e o the r is the hybridized process tha t consists of 
overcladding a core rod m a d e by the C V D me thod with 
a silica glass p roduced from commerc ia l silica powder 
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by sintering. Using a CVD-derived core rod with low 
loss, this process may be able to make low-loss fibers. 

The hybridized processes reported so far consist of 
rod-in-tubing a CVD-der ived core rod with either a 
tubulär porous body m a d e by the colloidal sol-gel tech
nique [3] or a tubulär porous body made from silica 
powder by the compression technique [4]. However, the 
two processes of rod-in-tube type could not make low-
loss fibers that compete with C V D fibers a l though fibers 
with about 0.5 and with 0.392 dB/km at 1300nm were 
fabricated by the colloidal sol-gel and the compression 
method, respectively. 

Lower-loss fibers may be made successfully by a hy
bridized process if the waveguide imperfection loss is re
duced. Thus, the au thors tried to develop a hybridized 
process of direct type in which a CVD-derived core rod 
is directly covered by a porous body m a d e from silica 
powder. 

Ano the r big target for the new fabrication process is 
to make large preforms aiming at low cost. T hough 
D o r n et al. [2] demonst ra ted the fabrication of a preform 
corresponding to 150 k m of fiber by the M S P method , 
a larger preform is more suitable for low-cost fiber fabri-
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Figure 1. Cross-secdon of ttie optical fiber m a d e by the hy
bridized process. T h e fiber consists of a core rod p o r d o n (1) 
with the core and a pa r t of c ladding m a d e by the V A D method 
and an overcladding por t ion (2) m a d e from commerc ia l silica 
powder. 
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Figure 2. Fabr icat ion stages for the direct hybridized process 
using compress ion forming. 

cation. Agains t this background, the au thors have stud
ied a direct hybridized process using a compression tech
nique for shape forming and have successfully m a d e low-
loss fibers drawn from large 300 k m preforms. In this 
paper, some of these studies of making large preforms 
to be drawn into low-loss fibers are described. 

2. Concept of the direct hybridized process 
for optical fibers 
Figure 1 shows a cross-section of the optical fiber made 
by the hybridized process. The fiber consists of a core 

rod po r t i on a n d an overcladding po r t ion . T h e core r o d 
p o r t i o n consist ing of the core a n d a p a r t of the c l a d d i n g 
is m a d e by the V A D m e t h o d a n d the overc ladding p o r 
t ion is m a d e from commerc ia l silica powder by the p r o 
cess described in the following. 

F igure 2 shows the fabricat ion stages of the d i rec t 
hybridized process using the compress ion forming. T h e 
s ta r t ing mater ia ls are commerc ia l silica powde r a n d a 
VAD-der ived core rod. Α core rod having a co re / c l ad 
d ing d iameter ra t io of a b o u t 1/3 was used. U s i n g t h e 
core rod, a s ingle-mode opt ical fiber wi th 5 % V A D - d e 
rived a n d 95 % powder-der ived silica in vo lume is m a d e . 
T h e first s tep of the fabricat ion is granula t ing , in w h i c h 
granu lä r silica part icles a re p repa red from a s lu r ry -con-
ta in ing silica powder, o rganic b inder a n d water us ing t h e 
spray dryer technique. T h e g ranu lä r part icle h a s such a 
large fluidity tha t it is easily fed in to a m o l d die cavity. 
T h e fluidity of part icle is a very i m p o r t a n t fac tor t o o b 
ta in a po rous body wi th h igh homogene i ty l ead ing t o 
low-loss a n d bubble-free glass. T h e next step is soo t p r e 
form forming by Co ld Isostat ic Pressing (CIP) . In th is 
s tep, a hybridized soot p re form consis t ing of a V A D co re 
r o d at the center a n d a p o r o u s glass body m a d e f rom 
silica powder a r o u n d the V A D rod is p repa red . C o m -
pac t ing is d o n e in a h igh-pressure vessel of the conven
t iona l C I P equ ipmen t . T h e following steps a re deg reas 
ing, purif icat ion a n d consol ida t ion . Degreas ing m e a n s a 
s tep to remove the organic b inder tha t is a d d e d a t t he 
first fabrication step. T h e organic b inder is b u r n e d o u t 
f rom the p o r o u s body at h igh t empera tu re in a n air flow. 
I n the purif icat ion, the hybridized soot p re fo rm is p u r i -
fied at high t empera tu re in a he l ium gas a t m o s p h e r e c o n 
ta in ing chlor ine as M a c C h e s n e y et al. [5] a n d Clasen [6] 
descr ibed. In this step, impuri t ies such as O H rad ica ls 
a n d t rans i t ion me ta l e lements are removed f rom the p o 
rous body. Conso l ida t ion is carr ied ou t in a he l i um gas 
a tmosphe re at h igh t empera tu re to m a k e a glass p r e f o r m 
from the purified soot preform. Then , the glass p r e fo rm 
p repa red as men t ioned above is d rawn in to a n op t ica l 
fiber. 

3. Hybridized soot preform forming 
In a previous pape r [4], a m e t h o d to m a k e a t u b u l ä r 
p o r o u s body from silica powder by compress ion fo rming 
is repor ted . A t tha t t ime it was no t possible t o m a k e 
any hybridized soot preform because the core rod b r o k e 
d u r i n g compress ion . In tha t study, it was found tha t 
b reakage of the core rod occurred due to a s t re tch ing 
force that came from compressed silica p o w d e r d u r i n g 
compress ion . 

In the present pape r the a u t h o r s tr ied to use a r u b b e r 
m o l d which is shown in figure 3. Wi th this m o l d , b o t h 
ends of the core rod are pressed o n t o the m o l d by the 
hydros tadc pressure du r ing compress ion , a n d the 
s t re tching force to the core rod is likely to be c o m p e n 
sated by the pressure on b o t h ends, so tha t b r e a k a g e is 
prevented. In fact, the use of the rubber m o l d m a k e s a 
large preform possible. T h e preform is 85 m m in d i a m -
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eter a n d 1 m in length. It is t u rned in to the t ransparent 
glass preform of 70 m m in d iameter a n d I m in length 
which is d rawn in to abou t 300 k m fibers. 

4. Deformation of the hybridized soot preform 
To m a k e the p o r o u s body from silica powder, a binder 
to combine silica part icles wi th each o the r is required. 
In this study, an organic b inder such as a mixture of 
polyvinyl a lcohol (PVA) a n d glycerol was used. As a po
rous body of soo t preform conta in ing organic binder be
fore degreasing is elastic, its shape changes by the dead-
weight dur ing the degreasing step. T h e deformation 
causes gaps be tween a core rod a n d a p o r o u s body and 
the gaps create bubbles in glass when Consolidated. The 
p rob lem is m o r e serious in the case of larger soot pre
forms. 

F igure 4 shows deformat ions of a soot preform 
which is laid hor izonta l ly on two wedges. Curve 1 shows 
the result wi th a soot preform prepared from granulär 
part icles con ta in ing 1.6 w t % PVA and 1.2 w t % glycerol. 
T h e deformat ion of the soot preform is as large as 
0.4 m m at 75 min . There are some points , as at about 
60 min , at which the deformat ion rate increases discon-
tinuously. I t is supposed tha t cracking in the soot pre
form is t ak ing place at these d i scont inuous poin ts of de
format ion rate. Curve 2 in figure 4 shows the result with 
a soot preform which is p repa red from granu lä r particles 
con ta in ing 1.6 w t % PVA a n d 1.0 w t% glycerol. As shown 
in this figure, the deformat ion of the soo t preform is 
reduced to 0.15 m m at 75 min . T h e result shows that 
soot preforms wi th little deformat ion can be made by 
improving the binder . 
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Figure 3. Rubber mold . 
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5. Silica powder 
Silica powder has impuri t ies like OFI radicals and t ran
sition meta l elements, for example iron, ch romium and 
nickel. To remove these impuri t ies , the soo t preform is 
purified by chlor ine gas. In the purif icat ion process, 
chlor ine diffuses in to pores of the p o r o u s body and re
acts wi th impuri t ies . Thus , large pores a re desirable for 
the pu rpose of purif icat ion which are m o r e easily formed 
in the po rous body fabricated from large silica pardcles. 

In the o the r new fabricat ion processes reported, 
fused silica is used for the M S P m e t h o d o r the colloidal 
sol-gel m e t h o d , a n d fine silica powder having a particle 
d iamete r of 0.3 p m is used for powder s inter ing of rod-
in- tube m e t h o d . In this study, it was t r ied to use large 
part icle silica powder having an average part icle diam
eter of 10 pm. 

However, the s t rength of the po rous body after the 
degreasing step decreases wi th increasing the diameter 
of silica particles. To improve the s t rength , fme silica 
powder was a d d e d having an average par t ic le diameter 
of 0.04 p m to the 10 p m silica powder. 

Figure 4. Deformat ions of a hybridized soot preform laid hori
zontal ly on two wedges. Curve 1 shows the result with a soot 
preform prepared from granulär particles conta ining 1.6 wt% 
PVA and 1.2 w t% glycerol. Curve 2 shows the result with a soot 
preform prepared from granulär part icles containing 1.6 wt% 
PVA and 1.0 wt% glycerol. 

Figure 5 shows the compression strength of a disc 
sample (diameter: 19 m m , thickness: 10 mm) of the po
rous body after the degreasing step. As shown in the 
figure, the addi t ion of fine silica powder improves the 
strength of the porous body. 

As already ment ioned, the pore diameter is import
ant for easy purification. Figure 6 shows pore size distri
but ions measured on the same porous bodies as shown 
in figure 5. In figure 6, only a little increase in average 
pore diameter is found for 1 wt% addi t ion of fme silica, 
but a small amoun t of generat ion of very fme pores is 
found for 5 or 15 wt% add idon . T h e fme pore has a di
ameter of 0.05 pm and is likely to be formed from the 
fine silica powder. Because it is difficult to purify the 
porous body with 0.05 pm pores, the au thors determined 
to use 1 wt% addit ion of fme silica. 
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F i g u r e 7. Los s spec t rum of a s ingle-mode opt ica l fiber hav ing 
a cutoff wavelength of 1.28 p m . (F iber length: 30 k m . ) 

Figure 5. Compress ion strength of a disc sample (diameter: 19 
and thickness: 10 m m ) of the porous body after the degreas
ing step. 
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Figure 6. Dis t r ibut ions of pore size measured on the same po
rous bodies as in figure 5. 

6. Fiber fabrication 
Single-mode optical fibers shown in figure 1 were fabri
cated by the process schematically shown in figure 2. The 
silica powder having an average particle diameter of 
10 p m was mixed with 1 wt% fme silica having an aver
age pardcle diameter of 0.04 p m and the mixture was 
used for the starting silica powder. Α core rod having a 
core/cladding diameter ratio of 1/2.4 and a refractive in
dex difference of 0 . 3 9 3 % was used. 

The first step of the fabrication is granulat ing where 
100 weight par ts of 10 pm silica powder, 1.0 weight part 

of the fme silica, 1.6 weight pa r t s of PVA a n d 1.0 weight 
pa r t of glycerol were mixed wi th 50 weight p a r t s of p u r e 
water. T h e g ranu lä r silica part icles were m a d e from the 
mix tu re so-called slurry by the spray dryer m e t h o d . T h e 
g ranu lä r part icles consist ing mainly of silica par t ic les 
h a d an average d iamete r of abou t 100 p m . Nex t , the hy
br idized soot preform was formed by C I P us ing a r u b b e r 
m o l d shown in figure 3. In this step, the core rod was 
placed at the center of the mold , a n d the g ranu lä r p a r 
ticles were packed in to the space between the m o l d a n d 
the rod . T h e n , the rubber m o l d filled wi th the g r a n u l ä r 
part icles was pressed from outs ide at 98 M P a of hyd ro 
static pressure in a high-pressure vessel of the conven
t ional C I P equ ipmen t . Α large hybridized soot p r e fo rm 
of 85 m m in d iamete r a n d 1 m in length was fabr icated. 

T h e following steps were degreasing, pur i f icat ion a n d 
consohda t i on . For degreasing, the hybridized soo t p re 
form was t reated for 5 h at 500 °C in a d ry air flow. F o r 
purif icat ion, it was t reated at 1200°C in he l ium gas c o n 
ta in ing 1 vo l .% chlorine. Conso l ida t ion was car r ied o u t 
in he l ium gas at 1600°C to ob ta in a glass p r e fo rm of 
70 m m in d iamete r a n d 1 m in length. T h e n , the glass 
p re form was drawn in to an opt ical fiber of a b o u t 
300 k m . 

F igure 7 shows a loss spec t rum of the s ing le -mode 
opt ical fiber having a cutoff wavelength of 1.28 p m . T h e 
losses were 0.350 d B / k m at 1.31 a n d 0.232 d B / k m at 
1.55 p m . T h e peak height at 1.39 p m due to O H radica ls 
was 0.037 dB/km. Fur ther , the loss was conf i rmed to be 
un i fo rm a long the fiber length by Opt ica l T i m e D o m a i n 
Ref lec tometry ( O T D R ) measurement . 

7. Conclusions 
Α hybr idized process consist ing of overc ladding a V A D -
derived core rod wi th a po rous body m a d e f rom c o m 
mercial silica powder by the C I P technique h a s been 
s tudied. T h e results are summar ized as follows. 
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a) Α rubber m o l d wi th a s t ruc ture in which bo th ends 

of the core rod are pressed by hydros ta t ic pressure makes 

a large hybridized soot p re form possible. 

b) Deformat ions of the p o r o u s b o d y d u r i n g degreasing 

are remarkably reduced by us ing a suitable content of 

glycerol. 

c) T h e p o r o u s body of silica p o w d e r was strengthened 

by add ing a small a m o u n t of fme silica powder into 

10 p m silica powder . But fme p o r e which is no t suitable 

for purif icat ion was generated at a high-level addidon . 

d) Large preforms of 300 k m fibers were fabricated by 

the developed process. 

e) A t t enua t ion losses of fibers were 0.350 d B / k m at 1.31 

a n d 0.232 d B / k m at 1.55 pm. 
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