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[57] ABSTRACT 
In the reactive deposition of the core material from a 
gas which is passed through the tube onto the inner wall 
of the tube by means of a plasma zone, while a relative 
motion is effected in the axial direction between the 
tube and a plasma-producing device, the rate of precipi 
tation is increased without impairing the quality of the 
core material coat, the reactive deposition being ef 
fected at a pressure of from 1 to 100 Torr and a tempera 
ture zone being superimposed on the plasma zone. 

18 Claims, 2 Drawing Figures 
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METHOD OF PRODUCING INTERNALLY 
COATED GLASS TUBES FOR THE DRAWING OF 

FIBRE OPTIC LIGHT CONDUCT ORS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

This is a continuation of application Ser. No. 610,570, 
?led Sept. 5, 1975, now abandoned. 
The invention relates to a method for producing in 

ternally coated glass tubes, consisting of a core and a 
jacket of glasses which have a mutually different refrac 
tive index, by means of a reactive deposition of the 
coating from a gas mixture which is passed through the 
tube and which is brought to reaction in the tube. 
The tubes produced in this manner are heated to a 

temperature which is suitable for drawing and thereaf 
ter drawn to such an extent that the diameter is reduced 
until the coating is brought to coincidence and a light 
conductor of the required diameter is obtained. 

Light conductors consist of a light-conducting core 
which is embedded in a jacket of a lower refractive 
index. The core may, for example, consist of quartz 
glass which has been doped with a few percent of a 
metal oxide which increases the refractive index and the 
jacket of undoped quartz glass. 

For the doping of the core glass TiOz, GeOZ and 
A1203 may, for example, be used. In the so-called self 
focussing ?bre optic light conductors a parabolic 
change in the refractive index across the radius is ob 
tained by means of a continuous change in the grades of 
doping. According to a known method such internally 
coated quartz glass tubes are produced in which gase 
ous SiCl4 and oxygen or a mixture of SiCl4, TiCl4 and 
oxygen are passed through a tube brought there to 
reaction in the gas phase by means of high frequency 
energization and probably precipitated at least partly as 
a soot-like glass coat, which must thereafter be melted 
or sintered. There is a danger that gases are trapped 
which later on might form light-scattering centers. The 
heat treatment makes the formation of a doping pro?le 
as required for self-focussing ?bre optic light conduc 
tors dif?cult, owing to blurring due to diffusion. 
The tube may consist of non-doped quartz glass. In 

this method a uniform relative motion in an axial direc 
tion may be caused between the tube and a high fre 
quency pulse which envelopes the tube [a]. A uniform 
distribution of the deposit is enhanced by the fact that 
the tube is rotated during the coating procedure. 

SUMMARY OF THE INVENTION 

It is an object ofthe invention to provide a method of 
the aforementioned kind in which the rate of deposition 
is relatively large, in which coatings of a good quality 
are obtained and [that] in which the deposition is not 
the result of a homogeneous reaction in the gas phase 
but of a heterogeneous reaction on the wall. According 
to the invention this object is realized by means of a 
method which is characterized in that in the tube a 
non-isothermal plasma zone is produced for the activa 
tion of the reactive deposition while a relative motion is 
caused between the tube and the equipment which pro 
duces the plasma, and a temperature zone in which the 
tube is heated to such a temperature that the deposited 
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2 
coatings are stress-free is superimposed on the plasma 
zone and that deposition takes place at a pressure of 
between 1 and 100 Torr. 

In this respect a non-isothermal plasma is understood 
to mean a zone in which the kinetic energy of the gas 
particles is small compared with the energy of the ex 
cited electronic states. In spite of the low translational 
energy, many dissociated and ionised particles are avail 
able, which are favourable for the reaction and promote 
it. 
With the method according to the invention well 

adhering, crackfree or substantially crackfree coatings 
are formed on the tube wall. This is probably explained 
by the fact that in the method according to the inven 
tion the precipitation of the doped quartz glass takes 
place mainly [place] on the tube wall and no or practi 
cally no soot-like particles are formed in the gas atmo 
sphere. However it appeared that at pressures over 100 
Torr the non-isothermal plasma gradually changes into 
an isothermal plasma and that the reactive deposition 
also takes place in gas while glass soot is formed. 
The method according to the invention also enables 

the direct reactive deposition on a quartz wire or quartz 
rod which is arranged inside the tube. 
With the method according to the invention deposi 

tion rates of from 2500 um/hour can be attained. The 
method according to the invention makes it [there 
fore] possible therefore, to obtain in an economic way a 
uniform deposition over long tube lengths. 

In the method according to the invention a heating up 
of the tube (temperature zone) of greater length is su 
perimposed on the plasma zone. The temperature shall 
then not be chosen that high that a homogeneous gas 
reaction could take place, but it must at least be chosen 
that high that the deposited coatings are stress-free. 
Heating of the tube to a temperature of between 800° C. 
and 1200“ C., for example in the GeCl4/oxygen system, 
does not or to only a small extent affect the deposition 
rate. In the temperature zone the consistency of the 
deposited coating is favourably in?uenced on the one 
hand because, at the chosen temperatures the mobility 
of the deposited matter is still suf?cient to obtain a 
stress-free coat and on the other hand because the em 
bedding of gaseous reaction products is avoided. 
At temperatures which are too low, in general below 

800° C. gases such as chlorine produced during the 
reaction may be trapped. At temperatures over 1200° C. 
reaction in the gas phase also takes [also] place while 
soot-like particles are formed at the same time. 
The plasma may be produced in any way, known in 

the art, for example by the inductive or capacitive cou 
pling of a high frequency ?eld or in a microwave reso 
nator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be further explained with refer 
ence to thedrawing and the following examples. 

In the drawing 
FIG. 1 is a diagrammatic representation of a device 

for performing the method according to the invention; 
FIG. 2 shows, the attenuation of a ?bre optic light 

conductor drawn from a tube produced according to 
the invention. 
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DESCRIPTION OF PREFERRED 
EMBODIMENTS 

A tube 1, for example made of quartz is moved to a 
heating device 2, for example an electric heating coil in 
the direction indicated by arrows. The heating device 2 
is enveloped by a resonator 3 by means of which a 
plasma 4 can be produced in the gas mixture passed 
through the quartz tube 1. 

In the reactive deposition a coating 5 is directly 
formed on the inner wall of the tube 1. 

EXAMPLE I 

The deposition of non-doped SiOg. A gas mixture 
consisting of SiCl4 and oxygen was passed through a 
quartz tube 1 (length 150 cm, outer diameter=8 mm, 
inner diameter=6 mm) at a throughput of 545 cm3/mi 
nute. The mixture consisted of 7 volume % SiCl4 and 93 
volume % oxygen. The pressure in tube 1 was 12 Torr. 
The wall temperature was kept at 1000° C. The tube 1 
was passed at a speed of 0. 17 cm per minute through the 
device, formed by heating device 2 having a length of 
500 mm and resonator 3 having a length of 30 mm, 
while a plasma 4 was produced by a 2.45 GHZ genera 
tor. An SiOZ coating having a thickness of 130 um was 
formed directly on the tube wall. A gas phase reaction 
together with the formation of soot-like particles did 
not take place. The reaction ef?ciency in the plasma 4 is 
then almost 100%. The coating formed adheres well 
and is homogeneous. The gas mixture was measured in 
scm3 (standard cubic centimeters). 1 scm3 is one cm3 of 
the gas, where P=760 mm and T=0° C. 

EXAMPLE II 

The deposition of an SiOg-coat doped with G602. A 
mixture of SiCl4 and oxygen, consisting of 4 volume % 
SiCl4 and 96 volume % oxygen was used to which 
increasing linearly with time, GeCl4 was added until the 
content of GeCl4 was 0.4% by volume. The pressure 
was 10 Torr. The wall temperature was kept at 960° C. 
The throughput was 40 scm3/minute and the duration 
of the test was 2 hrs. A well-adhering SiOg coat doped 
with G€O2 was obtained. The coating consisted of 940 
single layers of an increasing GeOz content toward a 
central axis of the tube. The resonator 3 was moved 
forward and backward along the tube in this test at 60 
cm/ min. 

EXAMPLE III 

A mixture of 0.4 volume % AlCl3, 4 volume % SiCl4 
and 95.6 volume % oxygen was passed through the 
quartz tube at a throughput of 42 scm3 per minute 
(length and diameter as in Example I). The pressure in 
the tube 1 was 15 Torr. The wall temperature of the 
tube 1 was kept at 950° C. A plasma 4 as in Example I 
was produced. (Power 180 W, frequency 2.45 GHZ). 
The reaction ef?ciency was approximately 100%. The 
tube was passed through the device 2-3 at a speed of 60 
cm per minute while the resonator 3 was moved for 
ward and backward along the tube 1. A homogeneous, 
adhering coat 5 was obtained. The total thickness of the 
coating was 150 um. 
FIG. 2 shows the total attenuation in dB per km as a 

function of the wavelength in micrometer of a ?ber 
optic light conductor which was obtained by drawing 
at 1900° C. of an internally coated tube according to 
Example II. The core diameter was 25 um and the ?ber 
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4 
diameter was 100 pm. The difference in the refractive 
indexes were approximately 5 o/oo. 
By means of the method according to the invention a 

coating profile which has a certain refractive index in 
proportion to the doping can be obtained as shown 
above at a progressive change of the doping share. 
When a suitable pro?le is chosen the tube forms in an 
ideal manner a basic product for the production of 
monomode, multimode and self-focussing ?ber optics. 
Dopant-forming compounds which may be used in the 

method according to the invention are, for example, GeCl4, 
T iCl4, and A lCl3 which oxidize to form the dopants G602. 
T iOZ. and A1203, respectively. 
What is claimed is: 
l. A method of producing internally coated glass 

tubes for drawing ?ber optic light conductors which 
consists of a core and a jacket of glasses which have a 
mutually different refractive index, comprising the steps 
of introducing into a glass tube surrounded by a resona 
tor a reactive gas mixture consisting of SiCl4 and oxy 
gen at a pressure of about 1 to 100 Torr, adding GeCl4 
to the gas mixture moving the tube relative to the reso 
nator to form [a] non-isothermal plasma zone within 
the tube, and heating the tube to a temperature between 
800° C.-l200° C. to form a coating free of soot-like 
particles and consisting of a plurality of layers of SiO; 
doped with an increasing content of GeOz. 

2. A method as claimed in claim 1 wherein the gas 
mixture consists of about 96% by volume of oxygen and 
4% by volume of SiCl4. 

3. A method as claimed in claim 2 wherein up to 0.4% 
by volume of germanium tetrachloride (GeCl4) is added 
to the reactive gas mixture. 

4. A method of producing internally coated glass tubes, 
for drawing ?bre-optic light conductors which consist of a 
core and a jacket of glasses which have a mutually different 
refractive index, comprising the steps of introducing into a 
glass tube surrounded by a resonator a reactive gas mixture 
comprising SiCl4 and oxygen at a pressure of about I to 
I00 Torr, moving the tube relative to the resonator 2 and 
heating the tube to a temperature between 800° C.—I200° 
C. while activating the resonator to form a nonisothermal 
plasma zone within the tube, whereby a coating free of 
soot-like particles and consisting of a plurality of layers of 
S102 is formed. 

5. A method of producing internally coated glass tubes, - 
as claimed in claim 4, further comprising the step of add 
ing a dopant-forming compound to the gas mixture. 

6. A method of producing internally coated glass tubes, 
as claimed in claim 5, wherein the dopant-forming com 
pound is one or more compounds from the group consisting 
of TiCl4 AlCl3, and GeCl4. 

7. A method of producing internally coated glass tubes, 
as claimed in claim 5 or 6 wherein the dopant-forming 
compound is added to the gas mixture at a constant rate. 

8. A method of producing internally coated glass tubes, 
as claimed in claim 9, wherein the dopant-forming com 
pound is added to the gas mixture at an increasing rate. 

9. A method of producing internally coated glass tubes, 
as claimed in claim 5 or 6 wherein the dopant-forming 
compound is added to the gas mixture at a varying rate. 

I 0. A method of producing internally coated glass tubes, 
as claimed in claim 9, wherein the dopant-forming com 
pound is added to the gas mixture at a decreasing rate. 

11. A method of producing internally coated glass tubes, 
as claimed in claim 9, wherein the dopant-forming com 
pound is added to the gas mixture at a rate which will 
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produce a coating whose index of refraction increases 
toward a central axis of the tube. 

12. A method of producing coatings on walls of glass 
comprising the steps of: 

contacting at least a portion of the wall ‘of the glass with 
a mixture of a gaseous glass-forming compound and 
gaseous oxygen at a pressure of about I to I00 Torr; 

forming a plasma zone in the gas mixture in contact with 
the glass wall portion; 

heating the glass wall portion, to a temperature which is 
above the temperature necessary to produce substan 
tially stress-free coating layers on the heated tube wall 
portion but which is below the temperature at which 
there is substantial reaction of the mixture in the gas 
phase, to produce a nonisothermal plasma zone; and 

thereby causing a heterogeneous reaction to occur on the 
glass wall resulting in the deposit on the glass wall of 
a glass coating. 0 

13. A method as claimed in claim 12, characterized in 
that the glass wall is in the form of a tube and further 
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6 
comprising the step of causing relative movement between 
the plasma zone and the tube. 

14. A method as claimed in claim 13, characterized in 
that the coating and the gas mixture are on the inside of the 
tube, and the glass-forming compound is a silicon tetraha 
lide. .v ‘ 

15. A method as claimed in claim 14, characterized in 
that the tube is heated to a temperature which is not greater 
than [200° C. and not below 800° C.‘ _ r 

16. A method as claimed in claim 15, characterized in 
that the plasma is formed by means of a high frequency 
?eld or a microware resonator. '” V 7 

17. A method as claimed in claim 
that a dopant-forming compound is added to the gas mix 
ture. ' . ' 

I 18. A method of producing 
comprising the steps of: v 
producing an internally coated 

claim I 7,‘ and 
drawing the internally coated glass tube to form a ‘a - ' 
?ber-optic light conductor. 

* * It i * 

16, characterized in ~ 

a ?ber-optic light conduct-or n 

glass tube ‘as claimed in 
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