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I N T R O D U C T I O N

Currently, wiring in local area networks is based mainly on copper cables and 
glass fiber. Copper based technologies suffer strong susceptibility to electromagnetic 
interferences and have a limited capacity for digital transmission. Conventional silica 
based fibers are a costly solution because they require precise connecting and 
dedicated installation and handling. An alternative technology is the use of polymer 
optical fiber (POF) for data transmission. POF offer several advantages over 
conventional transmission media: large bandwidth over short distances (up to 1000 
m), potential low cost associated with ease of installation, splicing, and connecting. 
Furthermore^ POF has small volume and light weight. It guarantees electromagnetic 
immunity. In addition, POF is not brittle but ductile and will stretch rather than break 
under increased tension; even a thick bundle of POF is more flexible than a bundle of 
glass fiber. POF technology could be used for data transmission in many application 
areas ranging from in-house networking to the avionic environment deploying a 
variety of techniques.

POF has been used extensively in short-distance data communications 
applications, such as digital audio interface. POF are also used for data transmission 
equipment, control signal transmission for numerical control machine tools and 
railway rolling stocks, and so on.

POF consists of a plastic core and plastic cladding; both were made from 
highly transparent materials. As refractive index of core materials (ncore) have slightly 
higher than refractive index of cladding materials (nciad), so light is kept in core by 
total internal reflection. A core and a cladding were coated again by plastic 
protective layers to protect the fiber from damage and moisture. POF has very large 
core diameters compared to those of glass optical fibers. Even when the diameter has 
a thickness of between 0.5 and 1mm in diameter, POF is flexible. These features 
enable easy installation and safe handling. There is no fear for POF to stick into 
human skin. Owing to the large diameter, high-positioning accuracy is not required 
for connections so that cost of connecting devices can be reduced.
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POF used for data communications are made mostly of polymethyl 
methacrlylate (PMMA) and perfluorinated (PF) polymer material. Conventional 
PMMA-POF has a step index (SI) profile. SI PMMA-POF has been commercially 
available for many years. The core diameter of this fiber is typically 0.125-2.0 mm. 
This fiber has a large attenuation (150 dB/km at 650 nm wavelength) and limited 
bandwidth, e.g., 20 MHz km. Improvement in the bandwidth of this POF fiber has 
been obtained by grading the refractive index. Graded index (GI) PMMA-POF has 
shown a bandwidth-distance product of 0.5 GHz*km at the 650 nm wavelength 
(Monroy, e t a l. (2003)). Although by grading the index profile of significantly 
enhanced characteristics have been obtained, the bandwidth and attenuation still limit 
the transmission distances and capacity. Reduction of transmission loss has been 
achieved by using amorphous perfluorinated polymers for the core material. This 
new type of POF has been named perfluorinated POF (PF-POF). This new fiber with 
low attenuation and large bandwidth has opened the way for high capacity 
transmission over POF based systems. A cable of two fibers of GI PF-POF has been 
commercially available since June 2000 under the trademark Lucina.

The common polymer cores are poly(methyl methacrylate) (PMMA), 
polystyrene (PS), and polycarbonate (PC). PC core plastic optical fiber is developed 
for high temperature applications. General aliphatic polymer has high absorption loss 
due to carbon-hydrogen stretching vibration. Fluoropolymers have been developed 
to be used as cladding materials because C-F bonds do not absorb visible light. POF 
which has very low attenuation was achieved in a perfluorinated (PF) polymer-based 
GI POF, at wavelength of 1300 nm. Moreover, fluoropolymer can provide a good 
mechanical, chemical and thermal resistance to the core.

The most important property of POF is the optical transmission, which does 
depend on core materials, drawing process and also depend on the conditions of the 
manufacturing process. There are general methods for making optical fibers: the 
drawing a preform and the extrusion. The co-extrusion process is reasonable in 
industrial manufacturing because it is high-volume processing method. The co­
extruder produces the core and simultaneously coats it with cladding material.

Since the light transmission loss through PC is large, the improvement 
transmitting characteristics of the optical fibers have been studied. A plastic having
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s i l a n e - c r o s s l i n k  s tr u c tu r e  m a y  b e  c h o s e n  a n d  u s e d .  In  1 9 8 2 ,  C la r k e  R . s tu d ie d  a n  

o p t ic a l  f ib e r  c o r e  a n d  a  c r o s s - l in k e d  p o l y f l u o r o s i l o x a n e  c la d d in g  h a v i n g  a  v a r io u s  

f lu o r in e  c o n t e n t s  to  p r o d u c e s  a  w a v e g u i d e  h a v in g  a  h i g h  n u m e r ic a l  a p e r tu r e . In  1 9 8 8 ,  
Y a m a m o t o  T . a n d  c o w o r k e r s  p r o v id e d  a  P O F  c a p a b le  o f  e x h ib i t  g o o d  l ig h t  

t r a n s m it t in g  c h a r a c t e r is t ic  e v e n  a t h ig h  t e m p e r a tu r e s  h a v i n g  a  s i l a n e  c r o s s - l in k e d  

s tr u c tu r e  a s  a  p r o t e c t iv e  la y e r .
T h e  p u r p o s e  o f  t h is  w o r k  i s  to  p r o d u c e  p la s t i c  o p t ic a l  f ib e r  h a v in g  

p o ly c a r b o n a t e  c o r e  fo r  l ig h t  t r a n s m is s io n .  P C  c o r e s  w e r e  c o a t e d  b y  s y n t h e s iz e d  

p o ly m e r  c la d d in g  m a t e r ia ls  s im u l t a n e o u s ly  in  c o - e x t r u s io n  p r o c e s s .  T h e n ,  s tu d y  th e  

e f f e c t  o f  c l a d d i n g ’ร c o m p o s i t io n s  o n  o p t ic a l  p r o p e r t ie s  a n d  m e c h a n ic a l  p r o p e r t ie s  o f  

p o ly c a r b o n a t e  f ib e r .
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OBJECTIVES

1. T o  s y n t h e s i z e  a n d  c h a r a c t e r iz e  p o ly ( a r y le n e  s i l y l  e th e r )  a t v a r io u s  m o n o m e r s  

r a tio .
2 . T o  s t u d y  e f f e c t  o f  c la d d in g 's  c o m p o s i t io n s  o n  o p t ic a l  a n d  m e c h a n ic a l  

p r o p e r t ie s  o f  th e  f ib e r .
3 . T o  s t u d y  e f f e c t  o f  p r o c e s s in g  p a r a m e t e r s  o n  o p t ic a l  a n d  m e c h a n ic a l  

p r o p e r t ie s  o f  th e  f ib e r .
4 .  T o  p r e p a r e  a n d  c h a r a c t e r iz e  P O F  u s in g  P C  a s  a  c o r e  a n d  p o ly ( a r y le n e  s i ly l  

e t h e r ) /P M M A  a s  c la d d in g  m a te r ia ls  b y  c o - e x t r u s io n  t e c h n iq u e .

SCOPE OF RESEARCH

T h e  s c o p e  o f  t h is  r e s e a r c h  w i l l  c o v e r  th e  f o l lo w i n g :
1. P o ly ( a r y l e n e  s i l y l  e th e r )  is  s y n t h e s iz e d  f r o m  th e  r e a c t io n  o f  4 ,4 ' -  

( h e x a f lu o r o i s o p r o p y l i d e n e )  d ip h e n o l  ( 6 F - B P A ) ,  c r o s s  l in k a b le  b i s p h e n o l  

B H P F S  a n d  d i p h e n y ld ic h lo r o s i la n e  a t fo u r  r a t io  o f  s i la n e : d ip h e n o l
2 .  1 0 % , 2 0 %  a n d  2 5 %  o f  p o ly ( a r y le n e  s i l y l  e th e r )  i s  b l e n d e d  w i t h  P M M A  in  

B a r b e n d e r . T h e  c la d d in g s  a re  c h a r a c t e r iz e d  b y  D S C ,  T G A  a n d  S E M
3 . P C  a n d  s y n t h e s i z e d  c la d d in g  m a t e r ia ls  a re  c o - e x t r u d e d  b y  v a r y in g  d r a w  r a tio  

a n d  p i s t o n  s p e e d .
4 .  T h e r m a l  p r o p e r t ie s — d e c o m p o s i t i o n  te m p e r a tu r e  a n d  o p e r a t in g  t e m p e r a tu r e ,  

O p t ic a l  p r o p e r t ie s — a tte n u a t io n , N A  a n d  b e n d in g  l o s s ,  M e c h a n ic a l  

p r o p e r t ie s — t o u g h n e s s ,  t e n s i l e  s tr e n g th  a n d  e l o n g a t i o n  a t b r e a k  o f  P O F s  w i l l  
b e  c h a r a c t e r iz e d .
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