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SUMMARY

The characteristics of optical fibers
during 60 Co y irradiation, i.e. the effect
of dopant, OH content, dose rate and tem-
perature were investigated. Moreover, the
model which presumes the effect of long
term use from the result of short term ir-
radiation was investigated. The range of
environment and a type of fiber which could
be used for a long time was decided.

From experimental results, it became
clear that the fiber which could be used
in radiation exposed area was only pure
silica core fiber. Moreover, the increase
of transmission loss of pure silica core
fiber was able to be explained from the
model of color center formation by irradia-
tion and from the dose rate dependence.

The increase of transmission loss of pure
silica core fiber used for a long time was
presumed quantitatively. So we could find
the guide of optical fif¥x cable design for
long time use in radiation exposed area.

In addition, the degradation of mecha-
nical strength by irradiation was investi-
gated.

INTRODUCTION

Optical fiber is rapidly being deve~
loped to operate in nuclear environments
because of its low loss and high band-
width, For this purpose, it is essential
to know how radiation affects transmission
properties and mechanical strength of
fibers. Optical communication systems
used in an atomic power plant will be re-
quired to withstand exposure to nuclear
environments. Although radiation-induced
loss in optical fiber has been studyed by
some investigatorsl),2), more quantitative
studies must’ be made on the growth and the
recovery of radiation induced loss and the
influence to mechanical strength, This re-
port is concerned with the induced loss in
various types of optical fibers during
steady~state 60 Co gamma ray irradiation.
We also describe the effects of ambient
temperature, OH content in fiber and ir-
radiation dose rate on the growth and re-
covery of radiation-induced loss, also

Power meter

propose a model by which the lifetime of
fiber can be estimated from accelerated
irradiation.

SAMPLES AND IRRADIATION CONDITICNS

The samples are Ge-P doped silica core
GI type fiber, Ge-B doped silica core GI
type fiber, P doped silica core SI type
fiber, pure silica core silicone clad
fiber and pure silica core B-F clad fiber.
All optical fibers were jacketed with
nylon. Irradiated fiber length was 100 to
500 m. A experimental apparatus for meas-
uring the radiation-induced loss in op-
tical fiber wavegnides is shown in Fig. 1.
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Fig. 1 The Experimental Apparatus

The apparatus consists of a light source
and injection optics, the fiber, a constant
temperature chamber, a source of radiation
(60 Co) and a detector. The dose rate was
determined by changing the distance between
the radiation source and samples in the
chamber. Samples and dose rate and total
dose for each sample are listed in Table 1.
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Table 1 Samples and Measurement

Conditions
Dose rate Total Wave=
Fiber dose length Remarks
(R/H) (®) (1) (ppm)
0.86
Ge~P doped core CI type 30 5.0x10° 178 -
Ge-B doped core GI type 3 1.2x10* - - *1
P doped core SI type 30 5.6x10° | 0,84 -
Pure silica core 3 1.2x10" - - ol |
Siticon clad SI type 780 1.0x10% | 0.84 2
3 1.2x10° - 2 *}
780 1.0x10% | o0.e4 2
. .
Pure silica core 1.3 l? 2.2 lo‘ 0.3 2 50‘(‘..80'0.2
BF doped clad 2.3%10° §13.2x10 0.84 2
ST type 3.4%10° [4.8x10* | 0.86 | 2
6.2%x10° |8.7x10% | o0.80 | 2
7.0%10° {1.0x107 | 0.8% 2
1.0x10° 11.7x10* | 0.8 | 10
Pure silica core 3.0%x10" | s.0x10* | o0.86 | 10
B-F doped clad Y 0
S1 type s.0%10° fa.x10t] o0.84 | 10
7.0%10" [1.0%10" | 0,84 | 10

Al: Internittent irradiation for about 4,000 hours

a2: Irradiation at room temperature except S0°C
and 80°C

RADIATION INDUCED LOSS IN FIBER
1. Ge-P doped silica core fiber

Fig. 2 shows radiation induced loss (at
0.84 and 1.26 pm) in the Ge-P doped silica
core GI type fiber as a function of dose in
situ steady state 60 Co irradiation,

200L
30 R/H
A=0,84 Ym

150}
~
g
X
-
0
Z
N A=1.26 um
b3 1001 .
-
3
@
1Y)
o
~
=
5

50}

0 1 2 3 A 5
3
Dose (R) x10

Fig. 2 Radiation-induced Loss
(Ge-P Doped Core GI Type)

At 0.84 um, the induced loss was great in
spite of the low dose rate 30 R/H, and was
proportional to the dose. The induced loss
per unit dose was 0.03 to 0.04 dB/km/R.
The induced loss at 1.26 pm grew in low
dose range like at 0.84 um, but was not pro-
portional to dose in the high dose range.
Fig. 3 shows the recovery of the radia-
tion induced loss in this fiber after ir-
radiation. The additive loss remains 60
dB/km at 0.84 um even after 7 weeks at room

temperature.
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Fig. 3 Loss Spectra after Irradiation
(Ge-P Doped Core GI Type)

2. Ge-B doped silica core fiber

Fig. 4 shows the loss spectra of the
Ge-B doped silica core fiber to be irradia-
ted for about 4,000 hours at 3 R/H. The
radiation induced loss measured immediately
after irradiation was 18 dB/km at 0.84 um
inspite of being as low as 3 R/H.
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Fig. 4 Loss Spectra after Irradiation

3.

Induced Loss (dB/km)

(Ge-B Doped Core GI Type)

P doped silica core fiber

Fig. 5 shows the radiation induced loss
in the P doped silica SI type fiber.
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Fig. 5 Radiation-induced Loss
(P boped Core SI Type)
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The induced loss is proportional to the
dose and the induced loss per unit dose is
0.3 to 0.4 dB/km/R, which is about 10 times
of that in Ge-P doped core fiber.

4. Pure silica core fiber

Ge, P or B increases the radiation
sensitivity as described above, but the
pure silica core fiber is considered to
lower radiation sensitivity than a doped
silica core fiber., Fig. 6 shows the radia-
tion induced loss in pure silica core sili-
cone clad fiber and pure silica core B-F
doped silica clad fiber at 780 R/H dose
rate. The induced loss is saturated at 3.5
dB/km in B~F doped silica clad fiber and at
4 dB/km in silicone clad fiber over dose of
7 x10°R. fThe radiation-induced loss in B-F
doped silica clad fiber after irgadiation
recovered to the level of before irradia-
tion in about 3 weeks but in the case of
silicone clad fiber, the additional loss is
0.7 dB/km in 7 weeks after irradiation.

The degradation of the cladding silicon
caused by irradiation attribute the addi-
tional loss. In the condition at dose rate
of 3 R/H and radiation time of 4,000 H, the
induced losses of both fibers were not de-
tected.
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Fig., 6 Radiation-induced Loss
(Pure Silica Core Fiber)

Fig. 7 shows the radiation induced loss

at 0.84 ym in the pure silica core B-F doped

silica clad fibers with different OH con-
tents at 7 x 10" R/H dose rate. The effect
of OH content on the radiation response of
pure silica core fibexr is clearly evident
in Fig. 7. The fibers which have a much
lower OH content, have greater radiation
sensitivity.
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Fig. 7 Radiation-induced Loss
(Pure Silica Core Fiber)

Fig. 8 shows the radiation induced loss
in the pure silica core fiber with 2 ppm OH
during irradiation at 6.2 x10" R/H over the
0.6 v1.1 ym wavelength range. A loss spec-
trum can be obtained following the irradia-
tion by sweeping the wavelength with the
monochromater. The induced loss measured
at 0.84 um seems to be primarily due to the
tail of an intence induced absorption in
the UV and visible.

6.2x10* R/H

9 40,
(3]

DOSE RATE DEPENDENCE OF
RADIATION INDUCED LOSS

We quantitatively discuss the produc-
tion of color centers in pure silica core
fiber during steady state 60 Co irradiation,
and estimate the lifetime of the fiber in
the radiation environments.

1. Growth of radiation induced loss3)

Dotted line in Fig. 9 shows the radia-
tion induced loss vs. time in pure silica
core fiber at dose rates (1.55 x10%, 2.3 x
10%, 3.4 x10" and 6.2 x 10" R/H).

weeoe Measured values
—— Calculated values 6.2x10"

70

1,55x10%
R/H

Induced loss (dB/km)

0 1 2 3 4 56 7 89 10 xi0°
Irradiation time (minutes)

Fig. 9 Radiation-induced Loss of Pure
Silica Fiber (OH 2 ppm)

The measured data in Fig. 9 (dotted
lines) can be accurately fitted by the ex-
pression

Ao =aLt +;ai{l —exp(-Ait)} ...o... (1)
i

Where, Aa is the induced loss and t the ir-
radiation time. The fitting is accomplised
by a computerized least-squares procedure.
The constant (oL, oi, Ai) from the fit were
listed in Table 2.

Table 2 The Coefficient of
Equation (1) (OH 2 ppm)

0.5 0.7 0.3 0.9 1.0 .1
Wave length (pm)

Fig. 8 Radiation-induced Loss
Spectra during Irradiation

1.55x10* | 2.3x10* 3.4x10 6.2 %10"
(R/H) (R/B) (R/H) (R/H)

Ay |sax10™ | s5.ax107 | 6.9%107" | 8.6%107"

A2 |8.0x107% | 8.7x107 | 9.5%x107% | 1,1x107?

M |14x107 | 2,0%107 | 2.5%x107t | 4.3%1070

o {1.5x107* | 1.8x107™% | 2.1x107° | 1.8x107°
a | 17.50 26.04 30.81 33.69
a2 0.96 1.60 1.77 5.52
a3 4.45 5.15 6.12 6.55

The growth and recovery of radiaticn in- 2. hnalysis of experimental results

duced loss depends upon the core glass com-
position and pure silica core fiber with-
stands exposure to radiation environments.

The results presented in the previous
section can be qualitatively understood or
the basis of a simple kinetic model for
color-center formation. Assume first that
an initial precursor consentration Poi

4
i
b
i
1
¢
3
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exist in glass before irradiation, and that
additional precursors are created at a con-
stant rate of Ki during irradiation.
Second, assume that during irradiation,
carrier trapping at precursors proceeds at
a rate proportional to the number of empty
precursor sites, with rate constant Fi,
Finally, assume that both thermal untrapping
and carrier recombination remove charges
rom precursor traps at rates proportional
to the concentration of trapped charges,
the respective rate constants being Ui and
Ri. This leads to the equation

—EE—=Fi(Poi +Kit -Ni) - (R1 +ULINL ,..(2)
Where Ni is the concentration of filled
trapping sites of the i-th type. The simpl-
est solution of (2) are obtained by assuming
that each of the i components are indepen-

dent. The solution, for Ni =0 at t =0, is
. _ Fi . Ki. - _
Ni = mrrrevor (POl ~Frapiyoy) (L -exp

(FL +R1I +ULYE} +Kit] covveveense (3)

I1f the observed absorption is acsumed pro-
portional to a linear combination of i-~th
different carrier trap concentration whose
behavior is given by (3), growth curve ex-
pression of the from (1) are obtained im-
mediately. Data obtained at different dose
rates are consistent with the models dis-
cussed above, Assume that Fi, Ri and Ki
are directly proportional to the dose rate
¢, this leads to the expression for the Al
coefficients

Mo=210 FUL tevviiiiinencanscnnnsaas (4)
AL =B .vrrrvenessesssoscsvssssnnsese (D)

Also, since ai should be equivalent to the
collision probability, it can be expressed
as follows;

vee s es s s e et (6)

ai = 0ol exp(-Ci/¢)

Where Ai, B, aoi and Ci are intrinsic con-
stants of core materials. Xi, oL and ai in
Table 2 are shown in Fig, 10, 1l as function
of dose rate ¢. These relations in Fig. 10,
11 fit to the assumption (4),(5),(6).

From the above, the radiation induced
loss during steady state 60 Co irradiation
as function of dose rate and irradiation
time can be expressed by the following;

ba =Bt +Laoiexp(-Ci/¢) {1 ~exp -
i

(RLo +ULI L)} coevviviiiniinereees (D)

The induced loss at low dose rate for long
irradiation time can be quantitatively
estimated from eguation (7).

The solid lines in Fig. 9 are based on
values obtained by calculating equation (7)
with Ai, B, Ci of Fig. 10, 11.

ai (dB/km)
=

0. 1 1 1 1
> 1 2 3 4 5 X10-7
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Fig. 10 Dose Rate Dependence of ai
(OH 2 ppm)
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Fig. 11 Dose Rate Dependence of Ai

and oL (OH 2 ppm)
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3. Effect of ambient temperature

The measured induced loss is influenced
by experimental parameters such as tem-
perature. In order to confirm the effect
of ambient temperature during irradiation,
the relation of the radiation induced loss
vs, the irradiation time were measured
at 50 t2° and 80 *2°C., The dotted lines in
Fig. 12 show the radiation induced loss
at them.

T s 6§ 9 10 x00
Irradiation time (minutes)

L3
-
~

30 tevene Measured values
— Calculated values 80°C 6.2x10% R/H
N ’.3.4x10%
_,.._._.“_——-QZ.‘.!xlo“
10 1.55710"

4 s 6 7 8 v 10 x10°
Ivradiation time (minutes)

<
-

[

1%

Fig. 12 Radiation-induced Loss of Pure
Silica Core Fiber
(OH 2 ppm, 50°C and 80°C)

The constants of equation (1) obtained
from the dotted curve are shown in Table 3,
Fig. 13, 14, 15. As is shown, if two
identical fibers are irradiated at the
same total dose and the same dose rate at
different temperatures, the induced loss
at low temperature is greater than that

at high temperature. The solid lines in
Fig. 12 are calculated values, obtained

in the same way as in Fig. 9.

100¢
50°C

i (dB /km)

lot:::t

it
as
A2
0.5 1 1 — 1 'l i
1 2 3 4 5 x10
1/¢ (R/M)

Fig. 13 Dose Rate Dependence of ai (50°C)

Table 3 The Coefficient of Equation (1} (Temperature Effect)

50°C 80°C

1.55%10% | 2.3x10" | 3.4x10%| 6.2x10% {1.55%x10" | 2.3x10" | 3.4 %10" | 6.2 x10"

(R/H) (/1) (R/1) (R/M) (R/H) (R/H) (R/H) (R/1}
AMl4.9%107* [5.1%1074 1 4.9%x 107 1 6.0%10™ | 3.1x107* [ 3.2%x 107" | 3.0x10™* | 4.3%x 107"
A2 §2.8%107% §2.9%x107%} 2.9%107% {3.5%107% | 1.,0x107% | 1.6x10" | 1.7x107% | 1.8x 10"
A3 |3.1%1072 | 3.2x1072 | 3.5% 102 | 3.9%x1072 | 7,0%x1072 | 7.3x10™* | 5.7x107% | 7,0x 10"3
ap [ 2.3x107* | 3.2%107% | 4.1x107* | 4.5%107 [ 0.3%107° | 0.7%x107% | 1.0%10"% | 1.7x 10”3
oy | 11.83 12.01 11.55 7.15 15,71 16.30 16.38 14.18
oz 1.35 2,45 3.82 6.30 0.86 1.95 4,02 5.09
o3 1.75 2.81 3.61 5.90 1.66 2.32 3.41 4.90
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4. OH content

f As shown in Fig. 7, the induced loss
changes with OH content in fiber. It is
100 | important to discuss the effect of OH con-
8o0°c tent on the parameters Ai, alL and ai for
forcasting the induced loss for a long
time. Data obtained by irradiating the 10
ppm OH content fiber, at dose rate 1 x 10"
R/H, 3 x10* R/H, 5x10* R/H and 7 x 10" R/H,
at 0.84 ym are shown in Fig., 16 with dot-

° v o ted line. Table 4 lists the parameter
calcurated from the equation (1), and Fig.
101\\\ 17 and Fig. 18 show the dose rate depend-

ag (dB/km)

ence of above paramcters., It seems that
u\\§ the OH content dominantly affects on oL.

b

0.5

5 xlo-)

w
(=4

1/¢ (R/M)

weaeee Measured values
Calculated values 7%10* R/H

Fig. 14 Dose Rate Dependence of ai (80°C)

P
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Induced loss Aa (dB/km)
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[=J
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o s0°C 2
x 80°C
6k 10
< h-_____o___o___,,,_____————-v——'
2k S N S S S S S e N S T RTT
o X % Irradiation time (minutes)
107}
. L — . . Pig. 16 Radiation-induced Loss of Pure
< 2 — x x Silica Core Fiber (OH 10 ppm)
x
107
sl
_or oen ® e "¢ Table 4 The Coefficient of Equation (1)
~< b Saamend (1
4F e (OH 10 ppm)
2.
0 | / 1 x 10R/H | 3 x 10*R/H | 5 x 10*R/H | 7 x 104R/H
L of o ° M| 2.9%x10°% }3,3x107% | 4.6 x10~" | 3.0 x 10-"
o
S a2t o A2 | 2.0x10-%12.5%x10"% | 3.2 x10=3 | 1.4 x10~?
1ons Az | 2.1x10°! {7.1%x10°! [2.9x10°! | 3.3x10"!
; 4r o | 2.0x10"" 15,0x10"% | 7.6 x10-* | 1.1 x10-3
8 27 - " a 11,85 15.11 15.82 7.51
2 4 3 s 10 “10° a2 0.73 4.93 4.88 21.96
¢ (R/M) a3 4.32 5.00 5.71 4.00

Fig. 15 Dose Rate Dependence of Ai and oL
(50°Cc, 80°C)
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5. Estimate of induced loss

The radiation-induced loss can be
estimated for a long time at a low dose
rate. For example, the induced loss dur-
ing irradiation at 20 R/H are shown in
Fig. 19.

10 20 30 40
Time (Yeor)

Fig. 19 Forecast of Radiation-induced

Loss at Low Dose Rate

In the case of fiber containing 2 ppm OH,
the radiation-induced loss at 50°C is only
about one third of that at a room tempera-
ture, and the induced loss is almost neg-
ligible at 80°C., In the case of optical
fiber containing 10 ppm OH, the radiation-
induced loss is no greater than half of
that of 2 ppm fiber.

We have thus been able to obtain a
guide for installing optical fiber in
radiation environment for a long time.

DECAY OF RADIATION-INDUCED LOSS

The radiation induced loss immediately
begins to decrease once the y-ray irradia-
tion is terminated. Fig. 20 shows the
decay curves of the induced losses in pure
silica core fiber following the irradia-
tion shown in Fig. 12 and 16.

70
60
50
a0
sobe. OH 6.7410° R/H

., ) 2 ppm

. e, 2 ppn 80°C

20w, e e e ., PP

.: e st s by b b v 72 pem s0%C
10b L T TS, o o 0 .OH 0><

B 10 ppm 7,0x10" R/H

2 3 4 5 6 T & § 1o
Decay time (minutes)

x10%

Fig. 20 Dbecay of the Induced Loss
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All decay curves can be recolved into four
decaying exponential components as given
by the expression

fod =Fadi exp (=AGit) ..vrveeeen...(8)
1

Where Aad is +he induced loss at the time
t and t the time after irradiation. The
fitting procedure is similar to that men-
‘tioned above. Values of constants (adi,
Adi) obtained from the fit are shown in
Table 5.

The values of Adi remain almost constant
on all fiber, without depending on the
dose rate, and odi/Zadi also is not changed

by the dose rate. The rate of a shoxt
lived component in induced loss is the
majority. A long lived component is
greater as the temperature rises and more
OH is contained. From these results,
equation (8) can be expressed in the fol-
lowing equation:

bad/beo =§ Mi exp (~Adit).......... (9)
h 8

Where, Aco is the radiation-induced loss
at the time when the irradiation is ter-
minated, and Mi is the rate of i-~th de~
caying exponential components. The rela-
tions of the standardized induced loss vs.
decay time are shown in Fig. 21l.

Table 5 The Coefficient of Fquation (8)

OH 2ppm | 1,55 x10% | 2.3 x 10" | 3.4 x10 | 6.2x10° | Average JOH 10ppm | 1.0x10% [3.0x10* |5.0x10" ]7.0+10" Average
Ady 1.0% 107" 1.1 x30=0 2.6 %30~ | 1.4 x10°° ] 1,23 x10=*) )4y 2.3x30=%} 2,8 x10=° } 2,2 x10"° ] 2.1 x10=" | 2.16» 10"
A2 10,9 %1071 9.8 x 1072173 x107* | 8.4 %101 | 9.1 x10"" | d; 1.2 x107% 1,2 %107 1.6 <10™ {12 x10%F 11,29 <107’
My | 6.5x10°7 {56 x10°%]3.9x10"? | 4,2 x 10" | 5,04 x 10=%] )d, 0.5 %1078 {04 <107t [ 1.1« 10%! F1.0<107¢ [ 0.70 « 0!
A 0.61 0.44 0.22 0.24 0.178 My |03 0.22 0.73 0.63 0.475
M 0.47 0.40 0.37 0.34 0.395 My 0.53 0.46 0.46 0,44 0,479
M2 0.25 0.23 0.21 0.19 0.22 My 0.16 0.16 0.2} 0,22 0.191
My 0.22 0.24 0,24 0.26 0.24 My 0.18 0,15 0.1 0.17 0.179
M, 0.06 0.13 0.19 0.22 0.15 M, 0.13 0.22 0.12 0.13 0.15

OB FEp 1155 x 0% 2.3 %10% [3.6x20% [6.2x10° | average [0 {155 10%12.3 5200 [ k10t {62410 | dverage
Ay JE0x107 fro2 107 1 2107 F 2107 1,13 < 1074} Ads 0.8>10"*}0.8 x 1)~ 1 0.9 x10-* {0.9 < 10"* {0.85x10"*
M, J16x10%]1.9x10%}1.8x10°7 ] 1.3 x10-% | 1.65 x10"*} 4, 1.7 <107 11,8 x10¢ } 2.0 <10=% 1 1.7 10~% ] 1.80 x 10-?
My |2.2x1077 [1.23071 1.5 %1070 ] 5.3 %1074 ] 9.88 x 107¢] g, 1.6 x1074{0,9 > 107 | 2.8 %107¢ f1,9>10"" | 1,80 %107}
Mo | 6.2x10°F [6.4 %10 4.6 x10°% [ 2,7 <107 [ 4,93 x10-}] )d. 1.22 1.06 0.62 0.94 0.96
M 0.69 0.65 0.60 0.54 0.62 My 0.26 0.3} 0.81 0.77 0.818
M, 014 0.16 0.20 0.16 0.165 § M, 0.08 0.1 AT RS 0.105
My 0.09 0.11 0.13 0.13 0.115 M. 0.04 0.02 0.06 0.07 0.048
M, 0,08 0.07 0.07 0.17 0.098 M, 0.02 0.04 0.02 0.04 0.0}

MECHANICAL STRENGTH
0.8 It is important that we know mechanical
] properties of optical fiber in the radia-
tion circumstance.
0.6 Fig. 22 is the Weibull diagrams of

0.4 2 ppu goeoe

2 ppm 50°¢C
Room temp:

0.2

i lo.pme$°°W temps
¥ 2 3 4 5 6 7 8 9

10
x10?

Decay time (minutes)

Fig. 21 Decay of the Induced Loss
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tensile strength of irradiated fiber and
not irradiated fiber. 1In Fig. 22, optical
fiber is 2 ppm OH content pure silica core
fiber, radiation dose rate is 6.2 x 10" R/H
and total dose is 8,7 x10° R,
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Fig. 22 Tensile Strength before and
after Irradiation

Irradiated fiber display about 5% degrada-
tion compared with the not irradiated
fiber. This degradation seems to be

caused by the jacketing Nylon and the
strength of the fiber itself may not be de-
graded.

SPLICED POINT

Investigation of irradiation effect on
splicing loss and tensile strength of
spliced point is as important as that to
fiber strength. Splicing loss was measured
as follows. Two optical fibers of 100 m
length, one included 10 splicing points and
other included no splicing point, were ir-
radiated at the same time. Then induced
losses at splicing points were estimated
by comparing the induced losses of both
fibers. Splicing loss per 10 points
before and after 7.1 x10° R irradiation is
0.201 4B and 0.204 dB, respectively (Table
6). Tensile strength is shown in Table 7.

TSR ST e -

Table 6 Splicing Loss before and

after Irradiation

No. | Before irradiation (dB) After irradiation (dB)
1 0.25 0.22
2 0.34 0,27
3 0.27 0.24
4 0.18 0.18
5 0.20 0.20
6 0.13 0.18
7 0.18 0.23
8 0.20 0.27
9 0.15 0.11

10 0.11 0.14

Ave. 0,201 0,204

Table 7 Mechanical Strength at Spliciqg )
Points before and after Irradiation

Before irradiation (kg) After irradiacion (kg)
3.3 3.1
2.3 3.5
2.8 2.3
2.1 3.4
2.1 2,8
1.9 3.1
2.0 3.1
2.8 3.2
2.3 2.9
2.6 2.8

Ave. 2,42 Ave, 3.02

Average tensile strength after irradiation
is greater than before. This increase in
tensile strength seems to be caused by the
crosslinking of the epoxy resin that is
used for reinforcement. From these re-
sults, we think that radiation did not af-
fect to splicing point.

CONCLUSIONS

l. Fiber that can be used inradiative
circumstances is limited to pure silica
core fiber only.

2. 1Increase of transmission loss in the
infrared wavelength region caused by
irradiation is mainly caused by an ab-
sorption band that is formed in UV and
visible range.

3. Radiation-induced loss of pure silica
core fiber can be explained using a
model of color center formation by ¥y
irradiation and it can be quantitative-
ly assumed from the dose rate depend-
ence.
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4. It seems that the rate constants of the
radiation-induced loss is reduced as
the temperature rises.

5. OH contained in the core influences a
long lived component of radiation-
induced loss.

6. As to the mechanical strength, irradia-
tion does not cause substantial degra-
dation of glass itself up to irradia-
tion of 8.7 x10° R.

7. No problem is foreseen on the influence
to spliced parts from irradiation of up
to about 7 x10° R,

REFERENCES

1) E. J. Friebele: "Optical fiber wave-
guides in radiation environments"
Optical Engineering, Vol, 18, No. 6,
1979, pp. 552

2) E. J. Friebele, P. C. Schultz, and
M. E. Gingerich: "Compositional ef-
fects on the radiation response of Ge-
doped silica core optical fiber wave-
guides Applied Optics, Vol. 19, No, 17,
1980, pp. 2910

3) K. J. Swyler, W. H, Hardy II, and
P. W. Levy: "Radiation induced coloring
of glasses measured during and after
electron irradiation" IEEE Transac-
tions on Nuclear Science, Vol. NS§-22,
No. 6, 1975, pp. 2259

G - Kiyoshi Shibuya
-~

XX

Kiyoshi Shibuya was born in 1947, He joined
showa Electric Wire and Cable Co., Ltd.
after his graduation from Tohoku University
in 1972. He has been engaged in research
and development of aluminum conductors and
super conductors. And he is engaged in re-
search and development of optical fibers
from 1976,

Showa Electric Wire
and Cable Co., Ltd.

4-1-1 Minamihashimoto,
Sagamihara, Kanagawa,
229, Japan

[J

o
,~

250
&

Kenji Yagi

Showa Electric Wire
and Cable Co., Ltd.

4-1~1 Minamihashimoto,
Sagamihara, Kanagawa,
229, Japan

Kenji Yagi was born in 1942, He joined
Showa Electric Wire and Cable Co., Ltd.
after his graduation from Nagoya University
in 1964, He has been engaged in research
and development of dielectric material and
semiconductor, And he is engaged in re-
search and development of optical fibers
from 1973,

,a& A’

LR

i
S

Norio Sugiyama was born in 1940, He joined
Showa Electric Wire and Cable Co., Ltd.
after his graduation from Keio University
in 1963. He has been engaged in research
and development of Extra High Voltage Cable
and other Power Transmission Systems. And
he is engaged in research and development
of optical fibers from 1981.

o

Takeshi Kojima was born in 1934. He joined
Showa Electric Wire and Cable Co., Ltd.
after his graduation from College of Tokyo
Science in 1958. He has been engaged in
research and development of Dielectric
Material for Extra High Voltage Cable.

And he is engaged in research and develop-
ment of optical fibers from 1973.

Norio Sugiyama

Showa Electric Wire
and Cable Co., Ltd.

4-1-1 Minamihashimoto,
Sagamihara, Kanagawa,
229, Japan

Takeshi Kojima

Showa Electric Wire
and Cable Co., Ltd.

4-1-1 Minamihashimoto,
Saganihara, Kanagawa,
229, Japan

International Wire & Cable Symposium Proceedings 1982 61




Akitoshi Yoshinaga

Toshiba Research and
Developnment Center,
Toshiba Corporation

. Komukai-Toshiba-cho,
Kawasaki, Kanagawa,
210, Japan

Akitoshi Yoshinaga was born in 1948. He
joined Toshiba Corporation in 1972. He re-
ceived his BE in 1970 and his ME in 1972
from Kyushu University. He has been en-
gaged in research and development of glass
fibers for optical communication. Aand he
is presently engaged in research and de-
velopment of the optical component for the
optical communication systemn.

—

62 International Wire & Cable Symposium Proceedings 1982




