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A b s t r a c t  
 

I n t h i s  p a p e r a re  p re s e nt e d  t h e  i nt e rf e rom e t ri c  p a ra m e t e rs  of  op t i c a l 
c onne c t ors  a nd  re s u lt s  of  i nt e rf e rom e t ri c  m e a s u re m e nt s  f or va ri ou s  t y p e s  
of  c onne c t ors . T h e  g e om e t ri c a l p a ra m e t e rs  a re  d e f i ne d  a c c ord i ng  t o t h e  
I E C  i nt e rna t i ona l s t a nd a rd s . T h e  p re s e nt e d  re s u lt s  s h ow  i m p ort a nt  
m e a ni ng  of  t h e  s p h e ri c a l h e i g h t  p a ra m e t e r  on re s u lt s  of  c li m a t i c  t e s t . T h e  
re s u lt s  of  m e a s u re m e nt s  a re  p re s e nt e d  f or N  = 9 71  a ng le  c onne c t ors :   
F C -APC , S C -APC , E 2000-APC . 
 
K e y w o r d s :  op t i c a l f i b e r c onne c t or, f e rru le , s p h e ri c a l h e i g h t . 
 Ana l i za  w y ni k ó w  p o m i a ró w  i nt erf ero m et ry c zny c h  t el ek o m u ni k a c y jny c h  ś w i a t ł o w o do w y c h  zł ą c z ro zł ą c zny c h  

 
S t r e s z c z e n i e  

 
W  p ra c y  z a p re z e nt ow a no p a ra m e t ry  i nt e rf e rom e t ry c z ne  ś w i a t ł ow o-
d ow y c h  z ł ą c z  roz ł ą c z ny c h  ora z  w y b ra ne  w y ni k i  p om i a row e  d la  ró ż ny c h  
t y p ó w  z ł ą c z . Pa ra m e t ry  g e om e t ry c z ne  c z oł a  f e rru li  s ą  z d e f i ni ow a ne  
z g od ni e  z e  s t a nd a rd a m i  I E C . Prz e d s t a w i one  w y ni k i  w s k a z u j ą  na  i s t ot ne  
z na c z e ni e  p a ra m e t ru  w y s ok oś c i  s f e ry c z ne j  na  w y ni k i  t e s t ó w  
k li m a t y c z ny c h . Z a p re z e nt ow a ne  w y ni k i  d ot y c z ą  p ró b y  9 71  z ł ą c z   
k ą t ow y c h  F C -APC , S C _ APC , E 2000-APC . 
 
S ł o w a  k l u c z o w e :  z ł ą c z k a  op t y c z na , f e rru la , w y s ok oś ć  s f e ry c z na . 
 1 .  I nt ro du c t i o n 

 
Th e  d i s c u s s i o n  a b o u t  t h e  i n t e r f e r o m e t r i c  m e t h o d  a n d  o p t i c a l  

c o n n e c t o r s  m e a s u r e m e n t s  w a s  p r e s e n t e d  b y  a u t h o r s  i n  p a p e r s  [ 1 -4 ] .   
Th e   F C ,  S C ,  E -2 0 0 0  c o n n e c t o r s  a r e  v e r y  p o p u l a r  i n  o p t i c a l  

n e t w o r k  a p p l i c a t i o n s  ,  b u t  i t  i s  p o s s i b i l i t y  t o  f i n d  s u c h  o p t i c a l  
c o n n e c t o r s  l i k e  F -3 0 0 0 ,  L C ,  M T-R J ,  M U ,  D I N ,  A V I O / A V I M ,  
M F S ,  M P O ,  M TP ,  D 4 ,  F -S M A ,  E S C O N ,  F D D I ,  V F O ,  E C / R A C E ,  
H R L -1 1 .  Th e  p o l i s h e d  f e r r u l e  q u a l i t y  i s  c l a s s i f i e d  a c c o r d i n g   o n e  o f  
s t a n d a r d s :  P C   ,  S P C  a n d  U P C  t y p e s  f o r  t h e  f l a t  o p t i c a l  c o n n e c t o r  
a n d  f o r  a n g l e  o p t i c a l  c o n n e c t o r  ( A P ) .  Th e  t e l e c o m m u n i c a t i o n  
p a r a m e t e r s  d e p e n d s  o n  g e o m e t r i c a l  q u a l i t y  o f  t h e  f e r r u l e  e n d f a c e .  
Th e  f e r r u l e  i n  F C  o p t i c a l  f i b e r  c o n n e c t o r  i s  p r e s e n t e d  o n  F i g .  1 .  
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e-m a i l :  g a j d a j @ p s . p l    
 

 
 

  
F i g .  1 .   T h e  c o n s t r u c t i o n  o f  F C  o p t i c a l  f i b e r  c o n n e c t o r  
Ry s .  1 .   B u d o w a  z ł ą c z k i  ś w i a t ł o w o d o w e j  F C  
 
 2 .  T h e g eo m et ri c a l  p a ra m et ers  o f  f erru l e endf a c e 

 
Th e  g e o m e t r i c a l  p a r a m e t e r s  a r e  d e f i n e d  b y  I E C  s t a n d a r d  [ 5 -1 1 ] .  

Th e  i m p o r t a n t  i n t e r f e r o m e t r i c  p a r a m e t e r s  a r e  s h o w n  i n  t a b l e  1 .  
 

T a b .  1 .   T h e  m e a s u r i n g  i n t e r f e r o m e t r i c  p a r a m e t e r s  o f  f e r r u l e  e n d f a c e  
 

Ra d i u s  o f  c u r v a t u r e  
S p h e r i c a l  f i b e r  h e i g h t  
P l a n a r  f i b e r  h e i g h t  

I E C  6 1 30 0 -3-1 6  
I E C  6 1 30 0 -3-2 3 

A p e x  o f f s e t  
H i g h e s t  p o i n t  o n  f e r r u l e  e n d f a c e  
( V e r t e x ) 

I E C  6 1 30 0 -3-1 5  

A n g l e  d e v i a t i o n  (  8 0) 
F e r r u l e  e n d f a c e  a n g l e  

I E C  6 1 30 0 -3-1 7  

K e y  e r r o r  I E C  6 1 30 0 -3-1 8  
F i b e r  r o u g h n e s s  ( Ra ) 
F i b e r  r o u g h n e s s  ( Rq ) 
F e r r u l e  r o u g h n e s s  ( Ra ) 
F e r r u l e  r o u g h n e s s  ( Rq ) 

I E C  6 1 30 0 -3-2 3 

H o l e  d i a m e t e r  o f  f e r r u l e  I E C  6 1 30 0 -3-36  
 
Rq  - r o o t  m e a n  o f  t h e  s q u a r e s  b e t w e e n  t h e  f i t t e d  s p h e r e  a n d  r a w  d a t a  
Ra  - t h e  a v e r a g e  d i f f e r e n c e  b e t w e e n  t h e  f i t t e d  s p h e r e  a n d  r a w  d a t a  
 



PAK v o l .  5 3 ,  n r  6/2 0 0 7     61 
 

The endface angle of ferrule θ  i s  t he angle b et w een t he t angent  
p lane t o ferrule endface and t he p lane p erp endi cular t o t he fi b er 
ax i s  [ 5] .  
The eccent ri ci t y  of ferrule ( ap ex )  i s  t he di s t ance b et w een t he 

ferrule ax i s  and t he hi ghes t  p oi nt  of ferrule endface  ( v ert ex ) . The 
p aram et er i s  s how n on F i g. 2 . The endface curv at ure radi us   
( F i g. 6)  dep ends  on p oli s hi ng p rocedures . The hi gh v alue of radi us  
can b et ray  an ab norm al s elect i on of p oli s hi ng p ap ers  i n t he 
m anufact uri ng p roces s . 
 
 

  
F i g .  2 .   T h e  d e f i n i t i o n  o f  f e r r u l e  e n d f a c e  p a r a m e t e r s  
R y s .  2 .   P a r a m e t r y  c z o ł a  f e r r u l i  
 
The k ey  accuracy   i s  t he p aram et er w hi ch des cri b es  m i s m at ch 

ferrules  and t he m echani cal p art  of connect ors . The p aram et er i s  
defi ned b y  t he α angle b et w een t w o p lanes : one p lane p as s es  
t hrough ferrule ax i s  and t he s econd p lane has  t he norm al t o t he 
ferrule m at i ng s urface. 
The p aram et ers  w hi ch det erm i nat e t he fi b er p os i t i on relat i v e t o 

ferrule endface are es s ent i al t o  t rans m i s s i on and m echani cal 
p rop ert i es : t he effect  of t he v i b rat i on on fi b er connect ors  or t he 
t em p erat ure endurance. Tw o i m p ort ant  p aram et ers  are m eas ured 
for t hi s  cas e: t he s p heri cal hei ght  and t he p lanar hei ght .  
The s p heri cal hei ght  i s  calculat ed from  t he s p heri cal p rofi le of 

ferrule endface i n ap p rox i m at i on t o a s p heri cal s ect or ( F i g. 2 , 3 ) . 
Thi s  p aram et er i s  des cri b ed b y  t he p rot rus i on ( + w )  and  
t he undercut  ( -w ) . The i nt erferom et ri c m eas urem ent s  allow s  t o 
calculat e: fi b er roughnes s  and ferrule roughnes s . 
 
 

  
F i g .  3 .   T h e  d e f i n i t i o n  o f  s p h e r i c a l  h e i g h t  ( + w  p r o t r u s i o n ,  -w  u n d e r c u t )  
R y s .  3 .   W y s o k o ś ć  s f e r y c z n a  ( + w  w y s u n i ę c i e ,  -w  p o d c i ę c i e )  
 
 

3. M e a s u r e m e n t s  r e s u l t s  
 
The m eas urem ent  s et up  b as es  on t he M i chels on i nt erferom et er 

s et up . The s et up  i s  des cri b ed i n p ub li s hed p ap ers  [ 1 , 4 ]  and i t  i s  
s how n on F i g. 4 . 
The i nt erferom et ri c p aram et ers  are calculat ed from  four 

i nt erference i m ages  of ferrule endface. The i m ages  w ere recorded 
for p has e m i s s m at ches  ϕ = 0  ,π / 2 , 3 / 4 π, π w hi ch i s  reali z ed b y  t he 
m ov ab le p i ez oelect ri c m i rror. 
The req ui rem ent s  for geom et ri cal p aram et ers  of  op t i cal fi b er 

connect ors  accordi ng I E C  s t andard [ 5-1 1 ]  : 
-  t he eccent ri ci t y  of ferrule ( ap ex ) : les s  t han 50 0 nm , 
-  t he s p heri cal hei ght : w  les s  t han ± 1 0 0 nm , 

-  t he endface angle of ferrule: les s  t han ± 0 .2 0, 
-  t he endface curv at ure radi us : 5÷ 1 2 m m  for A P C  connect ors , 
5÷ 2 5m m  for P C  connect ors , 

-  t he k ey i ng accuracy : les s  t han ± 0 .50. 
 
 

  
F i g .  4 .   T h e  m e a s u r e m e n t  s e t u p  b a s e d  o n  t h e  M i c h e l s o n  i n t e r f e r o m e t e r  
R y s .  4 .   U k ł a d  p o m i a r o w y  n a   b a z i e  i n t e r f e r o m e t r u  M i c h e l s o n a  
 
The res ult s  of m eas urem ent s  are p res ent ed for N = 9 7 1   

angle connect ors : F C -A P C , S C -A P C , E 2 0 0 0 -A P C  connect ors .  
The s p heri cal hei ght  p aram et er w as  m oni t ori ng i n t he cli m at i c t es t  
for 3  q uali t y  group s  of op t i cal connect ors . The cli m at i c t es t : fi v e 
t em p erat ure cy cles  for -4 0 0C  and + 7 0 0C  accordi ng t o I E C ,I TU -T, 
B ellcore s t andards  [ 5-1 3 ] . 
The res ult s  for t he cli m at i c t es t  are p res ent ed on F i g. 5-6. 
 

a )  

 b )  

  
F i g .  5.   R e s u l t s  o f  c l i m a t i c  t e s t  o p t i c a l  c o n n e c t o r s :  c o n n e c t o r  w i t h  s p h e r i c a l   

h e i g h t  w = 1 2 0 n m  ( a ) ,  c o n n e c t o r  w i t h  s p h e r i c a l  h e i g h t  w = 1 7 n m  ( b )  
R y s .  5.   W y n i k i  t e s t u  k l i m a t y c z n e g o  z ł ą c z  ś w i a t ł o w o d o w y c h :  a )  z ł ą c z k a   

z  w y s o k o ś c i ą  s f e r y c z n ą  w = 1 2 0 n m ,  b )  z ł ą c z k a  z  w y s o k o ś c i ą   
s f e r y c z n ą  w = 1 7 n m  
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F i g .  6 .   T h e  r e s u l t s  o f  s p h e r i c a l  h e i g h t  c h a n g e s  o f  o p t i c a l  f i b e r  c o n n e c t o r s  f o r   

t h r e e  q u a l i t y  g r o u p s  d u r i n g  t h e  c l i m a t i c  t e s t  
R y s .  6 .   W y n i k i  z m i a n  w y s o k o ś c i  s f e r y c z n e j  b a d a n y c h  z ł ą c z  ś w i a t ł o w o d o w y c h   

w  t r z e c h  j a k o ś c i o w y c h  g r u p a c h  p o d c z a s  t e s t u  k l i m a t y c z n e g o  
 
 4. C o n l u s i o n s  

 
Th e  i n t e r f e r o m e t r i c  p a r a m e t e r s  o f  a n g l e  o p t i c a l  c o n n e c t o r s  w e r e  

a n a l y z e d .  M e a s u r e m e n t s  r e s u l t s  w e r e  p r e s e n t e d  o n  f i g u r e s  5 -6.   
Th e  s p h e r i c a l  h e i g h t  p l a y s  i m p o r t a n t  r o l e  f o r  i n s e r t i o n  l o s s e s  a n d  
r e f l e c t a n c e  o f  o p t i c a l  c o n n e c t o r s .  Th i s  p r o b l e m  i s  i m p o r t a n t  f o r  
a g e i n g  p r o c e s s e s  o f  i n s t a l l e d  c o n n e c t o r s  i n  c o m m u n i c a t i o n  o p t i c a l  
f i b e r  l i n e s .  Th e  c l i m a t i c  t e s t s   w i t h  t h e  c o n n e c t i o n  o f  
i n t e r f e r o m e t r i c  m e a s u r e m e n t s  s h o w  o n  p r o b l e m  o f  f e r r u l e  
p r o t r u s i o n  a n d  u n d e r c u t  m o n i t o r i n g .  B e f o r e  c l i m a t i c  t e s t  
t r a n s m i s s i o n  p a r a m e t e r s  a n d  i n t e r f e r o m e t r i c  p a r a m e t e r s  h a v e  
v a l u e s  c o r r e c t l y  a c c o r d i n g  t o  I E C  s t a n d a r d  ( F i g .  6) .   
Th e  a g e i n g  p r o c e s s  i s  t h e  a i m  o f   f u t u r e  r e s e a r c h  w o r k s .  
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1 5 :  M e a s u r e m e n t s  - E c c e n t r i c i t y  o f  a  c o n v e x  p o l i s h e d  f e r r u l e  e n d f a c e  

[ 6]  I E C  61 30 0 -3-1 6 ( 1 9 9 5 -0 5 ) .  F i b e r  o p t i c  i n t e r c o n n e c t i n g  d e v i c e s  a n d  
p a s s i v e  c o m p o n e n t s  - B a s i c  t e s t  a n d  m e a s u r e m e n t  p r o c e d u r e s  - Pa r t  3-
1 6:  E x a m i n a t i o n s  a n d  m e a s u r e m e n t s  - E n d f a c e  r a d i u s  o f  s p h e r i c a l l y  
p o l i s h e d  f e r r u l e s .  

[ 7 ]  I E C  61 30 0 -3-1 7  ( 1 9 9 9 -0 9 ) .  F i b e r  o p t i c  i n t e r c o n n e c t i n g  d e v i c e s  a n d  
p a s s i v e  c o m p o n e n t s  - B a s i c  t e s t  a n d  m e a s u r e m e n t  p r o c e d u r e s  - Pa r t  3-
1 7 :  E x a m i n a t i o n s  a n d  m e a s u r e m e n t s  - E n d f a c e  a n g l e  o f  a n g l e -
p o l i s h e d  f e r r u l e s .  

[ 8 ]  I E C  61 30 0 -3-1 8  ( 1 9 9 5 -0 5 ) .  F i b e r  o p t i c  i n t e r c o n n e c t i n g  d e v i c e s  a n d  
p a s s i v e  c o m p o n e n t s  - B a s i c  t e s t  a n d  m e a s u r e m e n t  p r o c e d u r e s  - Pa r t  3-
1 8 :  E x a m i n a t i o n s  a n d  m e a s u r e m e n t s  - Ke y i n g  a c c u r a c y  o f  a n  a n g l e d  
e n f d f a c e  c o n n e c t o r .  

[ 9 ]  I E C  61 30 0 -3-2 3 ( 1 9 9 8 -0 4 ) .  F i b e r  o p t i c  i n t e r c o n n e c t i n g  d e v i c e s  a n d  
p a s s i v e  c o m p o n e n t s  - B a s i c  t e s t  a n d  m e a s u r e m e n t  p r o c e d u r e s  - Pa r t  3-
2 3:  E x a m i n a t i o n s  a n d  m e a s u r e m e n t s  – F i b e r  p o s i t i o n  r e l a t i v e  t o  
f e r r u l e  e n d f a c e .  

[ 1 0 ]  I E C  61 30 0 -3-36 ( 1 9 9 8 -0 4 ) .  F i b e r  o p t i c  i n t e r c o n n e c t i n g  d e v i c e s  a n d  
p a s s i v e  c o m p o n e n t s  - B a s i c  t e s t  a n d  m e a s u r e m e n t  p r o c e d u r e s  - Pa r t  3-
36:  E x a m i n a t i o n s  a n d  m e a s u r e m e n t s  –M e a s u r e m e n t  m e t h o d s  f o r  
i n s i d e  a n d  o u t s i d e  d i a m e t e r  o f  f i b e r  o p t i c  c o n n e c t o r  f e r r u l e s .  

[ 1 1 ]  E N -1 8 65 0 0  ( 1 9 9 8 -0 7 ) .  E u r o p e a n  S t a n d a r d .  Pr o d u c t  s p e c i f i c a t i o n  f o r  
c o n n e c t o r  s e t  t o  b e  u s e d  i n  s i n g l e  m o d e  o p t i c a l  f i b e r  c o m m u n i c a t i o n  
s y s t e m s .  

[ 1 2 ]  I T U -T  R e c o m m e n d a t i o n  L . 1 2 :  O p t i c a l  f i b e r  j o i n t s .  
[ 1 3]  G R -32 6-C O R E ,  I s s u e  1 .  Al l  a s s e m b l i e s  m e e t  E I A 4 5 5  s t a n d a r d s .  
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