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S i n c e the d e v e l o p m e n t o f the first 
p o l y c r y s t a l l i n e i n f r a r e d f i b e r s 
m o r e t h a n s e v e n y e a r s a g o at 

H u g h e s R e s e a r c h L a b o r a t o r i e s , 1 t h e r e 
have b e e n a w i d e va r i e t y o f i n f r a r e d 
t r a n s m i s s i v e w a v e g u i d e s f a b r i c a t e d f o r 
sensor , p o w e r de l i ve ry , a n d f u t u re l o n g 
d i s t a n c e c o m m u n i c a t i o n l i n k s . 2 T h e s e 
f ibe rs t r a n s m i t w a v e l e n g t h s b e t w e e n 2 
a n d 25µm, bu t t h e i r l osses a r e w e l l 
a b o v e t h o s e o f c o n v e n t i o n a l s i l i c a -
b a s e d f ibe rs ; t hus , the n e a r - t e r m a p p l i 
c a t i o n s i n v o l v e f i be rs 1 to 10 m i n 
l eng th . I n the fu tu re , these w a v e g u i d e s 
m a y b e su i t ab le f o r l o n g - d i s t a n c e a p p l i 
c a t i o n s i f t h e i r l osses c a n b e r e d u c e d to 
the t h e o r e t i c a l m i n i m u m o f 10-3 d B / 
k m . 

Types of IR fibers 
T h e r e a re t h ree c a t e g o r i e s o f I R fibers: 

1. P C a n d s i n g l e - c r y s t a l f i be rs m a d e 
from c r y s t a l l i n e m a t e r i a l s s u c h as the 
t h a l l i u m a n d s i l v e r h a l i d e s . 

2. N o n - o x i d e g lasses c o m p o s e d o f 
m e t a l f l u o r i d e s o r c h a l c o g e n i d e s . 

3. H o l l o w w a v e g u i d e s . 
Tab le 1 l is ts the b a s i c p r o p e r t i e s o f 

e a c h type o f f iber , i n c l u d i n g a r e p r e s e n 
tat ive c o m p o s i t i o n a n d the r a n g e o f 
t r a n s m i s s i o n . T h e loss v a l u e s r e p o r t e d 
a re the l owes t v a l u e s s o fa r o b t a i n e d f o r 
the p a r t i c u l a r w a v e g u i d e . 

F i b e r s m a d e f r o m c r y s t a l l i n e m a t e r i 
a ls h a v e the advan tage o f a v e r y l a rge I R 
b a n d p a s s , b u t they a r e w e a k a n d less 
s tab le t h a n the I R g lasses (see T a b l e 1). 
T h e m o s t w i d e l y s t u d i e d c r y s t a l l i n e fi
be rs a re the e x t r u d e d P C f i be rs m a d e 
f r o m K R S - 5 ( t h a l l i u m b r o m o i o d i d e ) 
a n d A g C l . T h e t r a n s m i s s i o n o f K R S - 5 

f i b e r 3 is s h o w n a l o n g w i t h that f o r t he 
A s 2 S 3

4 a n d f l u o r i d e g l a s s 5 f i be rs i n F i g 
u r e 1. T h e a t t e n u a t i o n is h i g h at the 
s h o r t w a v e l e n g t h s b u t d e c r e a s e s as λ-2 

to a v a l u e o f 190 d B / k m at 10.6 µm i n 
the bes t f iber . T h e s e fibers a r e thus v e r y 
u s e f u l f o r C O 2 l a s e r a p p l i c a t i o n s , i n 
c o n t r a s t to the f l u o r i d e g lasses that a re 
no t u s e f u l at 10.6 µm b e c a u s e o f t h e i r 
h i g h i n t r i n s i c a b s o r p t i o n at th is w a v e 
l e n g t h . 

S C fibers a re less w e l l s t u d i e d b u t 
la te ly t h e i r p o t e n t i a l u s e i n a p p l i c a t i o n s 
r e q u i r i n g n o n l i n e a r a n d e l e c t r o - o p t i c 
fiber m a t e r i a l s is ve r y e x c i t i n g . W o r k 
h a s b e e n d o n e o n f a b r i c a t i n g f i b e r s 
f r o m b o t h l i n e a r a n d n o n l i n e a r m a t e r i 
a l s i n c l u d i n g the t h a l l i u m , s i l ve r , a n d 
o x i d e m a t e r i a l s . I n g e n e r a l , l i n e a r S C 
fibers t e n d to b e v e r y soft , a n d the losses 
a r e h i g h e r t h a n t h e c o r r e s p o n d i n g P C 
fiber. T h e grea tes t u s e f u l n e s s o f S C f i 
b e r s w i l l u n d o u b t e d l y b e as n o n l i n e a r 
fibers w h e r e s h o r t (<30 c m ) l eng ths 
a re s u i t a b l e . T h e l i n e a r P C fibers w i l l 
r e m a i n the f i b e r o f c h o i c e f o r the pas
s ive a p p l i c a t i o n s r e q u i r i n g 1 to 10 m 
l eng ths . 

T h e n o n - o x i d e g lass fibers r e c e i v i n g 
the greates t a t t e n t i o n , a n d t h o s e w i t h 
the l o w e s t l oss , a r e c o m p o s e d o f m e t a l 
f l u o r i d e s . S i n c e the d i s c o v e r y o f f l u 
o r i d e g lass i n 1977 b y L u c a s a n d h i s 
c o w o r k e r s , 6 f i b e r s h a v e b e e n m a d e 
f r o m m i x e d f l u o r i d e s s u c h as Z r F 4 , 
B a F 2 , G d F 4 , a n d AIF 3 w i t h losses as l o w 
as 8.5 d B / k m at 2.1 µm. T h e a t t e n u a t i o n 
o f th is f i b e r (see F i g u r e 1), w h i c h w a s 
m a d e b y N T T , 5 s h o w s the c h a r a c t e r i s t i c 
e x t r i n s i c a b s o r p t i o n b a n d s that resu l t 
f r o m s m a l l c o n c e n t r a t i o n s o f c a t i o n s 

s u c h as F e 2 + , C u 2 + , a n d N i 2 + at the s h o r t 
w a v e l e n g t h s a n d f r o m w a t e r n e a r 3 µm. 
P r e s e n t l y , t hese fibers e x h i b i t t he l o w e s t 
loss o f a l l t he I R f i be rs b u t t h e i r t rans
m i s s i o n a p p e a r s l i m i t e d to w a v e l e n g t h s 
s h o r t e r t h a n 5 o r 6 µm. 

C h a l c o g e n i d e g lass fibers a r e p e r h a p s 
t he o l d e s t o f t h e I R f i b e r s . S i m p l e 
g lasses s u c h as A s 2 S 3 a n d A s 2 S e 3 a re the 
m o s t c o m m o n c h a l c o g e n i d e fiber m a 
te r ia l s a l t h o u g h o t h e r g lasses c o m p o s e d 
o f G e , S e , a n d Te h a v e a l s o b e e n m a d e . 
T h e t r a n s m i s s i o n s p e c t r u m 4 o f A s 2 S 3 

(see F i g u r e 1) a l s o has a r i c h e x t r i n s i c 
a b s o r p t i o n s p e c t r u m c h a r a c t e r i s t i c o f 
these g lasses . T h e m i n i m u m a t t enua 
t i o n is 78 d B / k m at 2.4µm b u t o t h e r 
m i n i m a o f 92 a n d 164 d b / k m o c c u r at 
1.85 a n d 5.3 µm, r espec t i ve l y . T h e p e a k s 
i n the s p e c t r u m m a y b e l i n k e d to O H 
i o n c o n t a m i n a t i o n at 3 a n d 6 µm, the 
S H i o n at 4.1 µm, a n d o x y g e n i m p u r i t i e s 
i n the 8 to 9 µm r e g i o n . T h e s e f i be rs 
h a v e the grea tes t u s e f u l n e s s f o r w a v e 
l eng ths s h o r t e r t h a n 10 µm b u t e v e n i n 
the p r a c t i c a l 3 to 5 µm r e g i o n , the c h a l 
c o g e n i d e fibers a r e l i k e l y to b e r e p l a c e d 
b y the p o t e n t i a l l y l o w e r loss f l u o r i d e 
g lass f i be rs . 

H o l l o w w a v e g u i d e s d e v e l o p e d f o r 
use at 10.6 µm a r e e i t h e r r e c t a n g u l a r o r 
c i r c u l a r i n c r o s s s e c t i o n . M o s t w o r k has 
b e e n d o n e b y G a r m i r e a n d h e r c o w o r k 
e r s 7 o n the r e c t a n g u l a r w a v e g u i d e s . B y 
l a u n c h i n g i n a l i n e a r l y - p o l a r i z e d , s i n g l e 
G a u s s i a n m o d e they a re a b l e t o t r a n s m i t 
o v e r 800 wat ts o f p o w e r f o r w a v e g u i d e s 
a b o u t 1 m i n l e n g t h . F u r t h e r m o r e , the 
m o d e r e m a i n s p u r e e v e n t h r o u g h m o d 
era te b e n d i n g a n d t w i s t i n g o f the g u i d e . 
T h e d i s a d v a n t a g e o f these h o l l o w w a v e -

TABLE 1 
Properties of IR Fibers 

CHALCOGENIDE FLUORIDE GLASS POLYCRYSTALLINE SINGLE CRYSTAL HOLLOW WAVEGUIDE 

FABRICATION Drawing Drawing Extrusion Pull From Melt Mechanical 

EXAMPLE AS2S3 ZrF 4:BaF 2 

:GdF4:AIF3 

KRS-5 
(T1 Brl) 

Cs1 Rectangular 

LOWEST LOSS 78 dB/km 
at 2.4 µm 

8.5 dB/km 
at 2.1 µm 

190 dB/km 
at 10.6 µm 

300 dB/km 
at 10.6µm 

1000 dB/km 
at 10.6µm 

TRANSMISSION 1 to 10 µm 1 to 6 µm 5 to 20 µm 5 to 20 µm 0.8 µm 
and longer 

FEATURES Glass 
Easily Drawn 

Glass 
Cladding Easy 

Strong Low Loss 
CO Transmission 

Large IR Bandpass 
Nonlinear Fibers 

Ultralow Loss 
Large Power 

Threshold 
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Figure 1 C o m p a r i s o n o f the bes t g lass a n d P C f i be rs . 

• RELAY INFORMATION FROM REMOTE AREAS TO PHOTODETECTORS 

• IR FIBER RECEIVERS/TRANSMITTERS FOR IFF, COUNTERMEASURES 

• PYROMETRY-MEASURE TEMPERATURES LESS THAN 200°C 

• REMOTE IR SPECTROSCOPY-DETECT POLLUTANTS, GASES 

Figure 2 U s e o f I R f i be rs to t r ans fe r i n f o r m a t i o n f r o m a n i m a g e p l a n e to a re
m o t e p h o t o d e t e c t o r . 

• C O 2 L A S E R SURGERY 

• MULTIPOINT MATERIALS PROCESSING: LASER ANNEALING, 
ELECTRICAL CONTACTS, ETC. 

• POWER OUT: 10 WATTS, C O 2 LASER, 500 µm—DIAMETER FIBER 

Figure 3 P o w e r d e l i v e r y is a n i m p o r t a n t a p p l i c a t i o n e s p e c i a l l y i n l a s e r s u r g e r y 
w h e r e C O 2 l ase rs a re u s e f u l f o r c u t t i n g t i ssue . 

g u i d e s is that t hey a r e l a r g e r — a b o u t 1 
m m b y 5 m m — t h a n d i e l e c t r i c g u i d e s 
a n d they t e n d to d e v e l o p r a t h e r l a rge 
losses w h e n they a r e b e n t o r t w i s t e d . 
T h e y w i l l h a v e t h e i r g rea tes t u s e f u l n e s s 
i n v e r y h i g h p o w e r a p p l i c a t i o n s . 

Applications of IR fiber 
T h e a p p l i c a t i o n s o f I R f i be rs a r e m o s t 
eas i l y d i s c u s s e d i n t e r m s o f t h ree g e n 
e r a l c a t e g o r i e s : s e n s o r s , p o w e r de l i ve r y , 
a n d l o n g - d i s t a n c e c o m m u n i c a t i o n s . B e 
c a u s e the p r e s e n t f i be rs h a v e r a t h e r 
h i g h l oss , t he n e a r - t e r m a p p l i c a t i o n s i n 
v o l v e s e n s o r s a n d p o w e r de l i ve r y , w h i l e 
the f u tu re l o n g - d i s t a n c e c o m m u n i c a 
t i o n l i n k s a w a i t t he d e v e l o p m e n t o f u l 
t r a l o w - l o s s I R fibers. 

I n the s h o r t l e n g t h s e n s o r a p p l i c a 
t i ons , f i be rs a r e u s e d to r e l a y i n f o r m a 
t i o n f r o m o n e a r e a , s u c h as a f o c a l 
p l a n e , to a r e m o t e p h o t o d e t e c t o r . F i g 
u r e 2 i l l us t ra tes h o w a b u n d l e o f f i be rs 
m a y b e u s e d to d i s s e c t a f o c a l p l a n e a n d 
r e l a y the I R i m a g e to a p h o t o d e t e c t o r 
a r ray . W e h a v e u s e d K R S - 5 f i b e r b u n 
d les w i t h as m a n y as 10 f i be rs u p to 5 m 
i n l e n g t h to t r ans fe r 10.6 µm i n f o r m a 
t i o n to l i q u i d n i t r o g e n c o o l e d H g C d T e 
d e t e c t o r s . 8 I n these p a r t i c u l a r a p p l i c a 
t i o n s , the f i be rs w e r e pa r t o f a n ear ly -
w a r n i n g r e c e i v e r f o r the d e t e c t i o n o f 
10.6 µm r a d i a t i o n . I n o n e i n s t a n c e , the 
f i b e r b u n d l e s w o u l d b e i n s t a l l e d i n a n 
a i r c ra f t to de tec t a n d t r a n s m i t C O 2 l a s e r 
r a d i a t i o n that w o u l d i l l u m i n a t e the s k i n 
o f t h e a i r c r a f t f r o m , f o r e x a m p l e , 
g r o u n d - b a s e d l ase r r a n g e f i n d e r s . 

O t h e r s e n s o r a p p l i c a t i o n s i n c l u d e the 
d e t e c t i o n o f b l a c k b o d y r a d i a t i o n a n d 
r e m o t e I R s p e c t r o s c o p y . U s i n g a f iber -
d e t e c t o r c o m b i n a t i o n , i t is p o s s i b l e to 
m e a s u r e t e m p e r a t u r e s w e l l b e l o w 
200°C °C b e c a u s e at these l o w t e m p e r a 
tu res the b l a c k b o d y r a d i a t i o n is p e a k e d 
n e a r 10 µm. T h e s p e c t r o s c o p i c a p p l i c a 
t i o n i n v o l v e s u s i n g the fibers to m o n i t o r 
the I R a b s o r p t i o n o f gases s u c h as C O 2 

o r c o m m o n p o l l u t a n t s . 
T h e d e l i v e r y o f l a se r p o w e r b y I R 

fibers is o f g rea t i m p o r t a n c e i n s u c h 
f i e lds as m e d i c i n e . F i b e r s h a v e a l r e a d y 
b e e n u s e d to d e l i v e r u p to 100 wat ts o f 
1.06 µm r a d i a t i o n f r o m N d : Y A G lase rs 
f o r l a se r s u r g i c a l a p p l i c a t i o n s . W e a re 
n o w d e v e l o p i n g I R fibers that w i l l r e l i 
a b l y d e l i v e r 10 to 20 wat ts f r o m f i be rs 
that a r e as s m a l l as 250µm i n d i a m e t e r . 
F i g u r e 3 s h o w s a n e n d o s c o p i c a p p l i c a 
t i o n f o r a n I R f iber , b u t o t h e r s u r g i c a l 
m o d a l i t i e s s u c h as g y n e c o l o g y , u r o l o g y , 
a n d o p h t h a l m o l o g y a re a l s o g o o d c a n d i 
da tes f o r l a s e r su rgery . 

O t h e r p o w e r d e l i v e r y a p p l i c a t i o n s i n 
c l u d e m u l t i p o i n t s o l d e r i n g a n d c u t t i n g . 
S o far, I R f i be rs s u c h as K R S - 5 h a v e 
p o w e r t h r e s h o l d s that v a r y f r o m 10 t o 
80 wa t t s s o that c u t t i n g a n d s o l d e r i n g 
o p e r a t i o n s w o u l d b e l i m i t e d to s m a l l 
a m o u n t s o f so f te r m a t e r i a l s . 

T h e t h e o r e t i c a l a t t e n u a t i o n i n these 
w a v e g u i d e s is n e a r 10-3 d B / k m . W h i l e 
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the current IR fibers have losses we l l 
above this level, when IR fiber losses 
are reduced to this level we can look for 
a major advance in communica t ion sys
tems. Wi th a loss of 10-3 d B / k m , it 
would be possible to construct commu
nication l inks thousands of ki lometers 
in length without repeaters. This wou ld 
be part icularly useful in undersea l inks 
between shore and submarine where 
the use of repeaters wou ld be inconve
nient. This appl icat ion and a compar i 
son of the various repeaterless lengths 
for wire and fibers are shown in Figure 
4. 

Polycrystalline KRS-5 fibers 
PC fibers made f rom the thal l ium and 
silver halides are fabricated using a hot 
ext rus ion techn ique. The ex t rus ion 
temperatures are general ly between 
200 and 350 °C and the extrusion force 
may be as high as 40 k N for bil lets 1.5 
c m in diameter. 9 Fibers have been ex
truded with diameters ranging f rom 75 
to 1000 µm and with lengths as long as 
200 m. The fiber grain size is typically 3 
to 10 µm with the smallest grain size 
f i b e r h a v i n g the g rea tes t t e n s i l e . 
strength. 

A l l KRS-5 fibers made to date have 
had no convent ional c ladding. For most 
applications, the fibers are placed in 
loose fitting polyethylene tubing that, 
for lengths less than 10 m, has been 
found to induce no extra loss. 

The attenuation at 10.6 µm in K R S - 5 
fibers is typically 1 d B / m , wh ich is 
about 1,000 times greater than the in
trinsic loss. To understand this large 
extrinsic loss, we studied 3 the total 
attenuation, on, and the attenuation due 
to scattering, as, as a funct ion of wave
length. In general, on can convenient ly 
be written in the form 

αT(λ) = Aλ-4 + B + Cλ-2 + αA (λ), 

where λ is the vacuum wavelength. In 
sil ica-based fibers, measurements of 
both αT and αs are in excellent agree
ment with theories based on the first 
(Rayleigh) and second (geometrical op
tics) terms. In contrast, we f ind that in 
our PC fibers the λ-2 term dominates 
the fiber attenuation. To explain these 
results, we developed a m o d e l 3 show
ing that this λ-2 attenuation results f rom 
the combinat ion of bulk scattering f rom 
large-scale, optical ly thin imperfections 
and surface scattering and absorption. 
In KRS-5 fibers, the imperfections that 
may lead to a λ-2 scattering loss are 
be l ieved to be because of res idua l 
strains in the fibers and surface irregu
larities. The strain is induced in the 
extrusion process and results in a large 
birefr ingence that causes scattering. 
The surface of the fiber is also rough 
compared with a drawn-glass fiber sur
face. 

Figure 5 shows the λ-2 dependence of 
αT for two KRS-5 fibers approximately 

Figure 5 The attenuation in K R S - 5 fi
bers decreases as λ-2, in sharp contrast 
to the situation in glass fibers. 

1 m long. One fiber (No. 1) has a loss of 
0.74 d b / m at 10.6 µm, whereas the other 
(No. 2) has a higher attenuation coef
ficient of 2.1 d B / m at 10.6 µm. The 
higher-loss fiber exhibits several impu
rity bands, wh ich may result f rom im
purities on the fiber's surface; for exam
ple, the 6.1 µm band is due to water. 

Finally, we note that there have been 
severa l at tempts to c o m m e r c i a l i z e 
KRS-5 fibers. The first was by Hor iba 
L imi ted in Japan and now by Infrared 
Fiber Industries in Cal i fornia. The fi
bers made by Hor iba were very expen
sive, more than $ 10,000 per cable 1.2 m 
in length, and, to the best of the author's 
knowledge, they are no longer avail
able. The reason for this may be, in part, 
an aging prob lem in wh ich the trans
mission of the KRS-5 fiber decreases 
with time. Since the Hor iba fibers ap
peared, there has been more progress 

Figure 4 Future appl icat ion for ul t ra low loss IR fibers is in repeaterless, long
distance communicat ions. 

on solving the aging prob lem, and fi
bers available in the future should show 
min ima l aging. 

Single-crystal fibers 
The losses of PC fiber result f rom the 
absorption and scattering of light f rom 
defects that may be impuri t ies decorat
ing grain boundaries, residual strain in
duced dur ing the fiber's extrusion, and 
poor surface quality. SC fibers have the 
potential of el iminat ing these deleteri
ous effects because they can be grown 
with smoother surfaces and less fiber 
strain than P C fibers. We have devel
oped at Hughes a new method of S C 
fiber fabrication in which P C fiber is 
converted into S C fiber using a travel
ing zone growth technique. Using this 
method we have made 1-m long lengths 
of si lver and thal l ium halide SC fibers 
with losses as low as 6.6 d B / m at 10.6 
µm. 

Previous SC fiber fabrication tech
niques have most generally rel ied on a 
capi l lary shaper or edge definer to con
figure the fiber diameter. B r idges 1 0 at 
AT&T Be l l Labs and Ota 1 1 at K D D in 
Japan uses shapers to make SC fibers 
from the silver, thal l ium, and cesium 
halides. In these cases, a molten reser
voir of material was used as the source. 
In the traveling zone method, we do not 
use a shaper and, therefore, no part of 
the molten zone contacts a surface. In 
this way, we el iminate a potential impu
rity source that occurs when the melt 
contacts the container walls. Another 
advantage of our method is that the 
melt zone is very smal l—approximately 
one fiber diameter. 

The heart of the traveling zone tech
nique is shown in Figure 6. Two sets of 
synchronous ly d r iven dr ive wheels 
move extruded PC fiber through a smal l 
heater co i l that is used to form a melt 
zone with a length between 0.1 and 4 
fiber diameters. As the fiber exits the 
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Figure 6 Traveling-zone growth of SC fibers in wh ich P C fiber is converted into 
SC fiber. 

ω, cm-1 

CdCI 2 (50%): BaCI2 (40%): KCI (10%) 

THICKNESS ~ 0.4 mm 

SOURCE: M. POULAIN, et al., U. OF RENNES 

Figure 7 New chlor ide glass with transmission beyond 10 µm. 

TABLE 2 
Loss at 10.6 µm 

PC FIBER SC FIBER 

LENGTH (cm) LOSS (dB/m) LENGTH (cm) LOSS (dB/m) 

94 
49 

2.6 
8.5 

80 
28 

6.6 
8.3 

melt zone it freezes into a single crystal. 
The melt zone is held together by sur
face tension, and we f ind no sagging 
even if growth is horizontal. The growth 
rates are approximately 1 c m / m i n and 
all fibers grown to date have preserved 
the original PC fiber diameter. 

We had the best success growing S C 
fibers of the silver salts. This is because 
of their low vapor pressure. The optical 
absorption of several samples of 620µm 
diameter AgBr fiber is given in Table 2. 
From the table, we note that the longer 
SC fiber had a higher attenuation than 
the starting PC fiber. This, plus the fact 

that the lowest loss of 6.6 d B / m is sti l l 
rather high, is because of some irregu
larities in the fiber surface quality and a 
few bubbles inc luded in the fiber core. 

We have begun to apply these same 
techniques to the fabrication of SC fi
bers f rom nonl inear and electro-optic 
materials. Non l inear fibers12 only tens 
of centimeters in length wou ld be use
ful in frequency conversion appl ica
t ions, whi le E O fibers wou ld be poten
tially useful modulators. Based on our 
work to date, it wou ld seem that near-
term applications for SC fibers wou ld 
involve nonl inear and E O materials. 

Future directions 
The lowest-loss IR fibers are the flu
oride glass fibers, and it wou ld seem 
that the losses in these waveguides 
wou ld cont inue to decrease as new 
glass fabrication and puri f icat ion meth
ods are developed. Of part icular impor
tance wi l l be the development of a 
chemica l vapor deposit ion method of 
making glass preforms analogous to 
that used so successfully for sil ica-based 
glasses. The use of C V D methods should 
al low losses lower than 1 d B / k m to be 
achieved. 

A new glass technology that shows 
promise is the development of f luoro¬
chlor ide and chlor ide glasses for trans
mission beyond 10 µm. A recent exam
ple of an al l-chloride glass is shown in 
Figure 7. Whi le this sample of C d F 2 

: B a F 2 :KC1 is on l y 0.4 m m thick, the 
transmission range out to 15 µm is im
pressive. Unfortunatly, these chlor ide 
glasses suffer f rom very low glass transi
t ion temperatures—some are as low as 
room temperature—and poor stability. 
In particular, they are very sensitive to 
moisture and, for some glasses l ike 
Z n C l 2 , they del iquese and devi tr i fy 
wi th in minutes after exposure to the 
atmosphere. 

PC fibers made by the extrusion pro
cess may be very near their pract ical 
lower l imi t . W i th some further im
provements in extrusion, the losses in 
fibers l ike KRS-5 may be reduced even 
further to about 100 d B / k m . However, 
the induced strain and poor surface 
qual i ty of extruded f ibers prec lude 
achieving the low loss of glass fibers. 
Whi le SC fibers may solve some of the 
problems that extrusion presents, the 
usefulness of SC fibers w i l l be in short 
length nonl inear and E O applications. 
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