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©  High  frequency  attenuation  cable  and  harness. 
  A  high  frequency  attenuation  cable  comprises  a  core 
comprising  at  least  one  conductor,  each  conductor  being 
surrounded  by  a  high  frequency  absorption  medium  and  at 
least  one  layer  of  high  dielectric  constant  material  having  a 
dielectric  constant  (ε)  greater  than  about  4  when  measured  at 
10  MHz  and  a  volume  resistivity  of  at  least  about  10'3 
ohm-cm.  The  high  dielectric  constant  material  may  be 
positioned  between  the  conductor  and  the  high  frequency 
absorption  medium,  outside  of  the  high  frequency  absorp- 
tion  medium  or  both.  The  high  dielectric  constant  material  is 
preferably  polyvinylidene  fluoride.  There  is  also  disclosed  a 
high  frequency  attenuation  harness  which  includes  a  plural- 
ity  of  such  high  frequency  attenuation  cables. 



T h i s   i n v e n t i o n   r e l a t e s   to  a  h igh   f r e q u e n c y   a t t e n u a t i o n  

c a b l e   and  to  a  h igh   f r e q u e n c y   a t t e n u a t i o n   c a b l e   h a r n e s s .  

H i g h  f r e q u e n c y   a t t e n u a t i o n   c a b l e s   a r e   w e l l   known.   I n  

g e n e r a l ,   such  c a b l e s   i n c l u d e   an  a b s o r p t i o n   medium  w h i c h  

f i l t e r s   out   h i g h   f r e q u e n c y   e n e r g y   which   c o u l d   o t h e r w i s e  

i n t e r f e r e   w i t h   t he   o p e r a t i o n   of  t he   c a b l e .   The  e f f e c -  

t i v e n e s s   w i t h   which   t h e   h igh   f r e q u e n c y   e n e r g y   is  f i l t e r e d  

o u t   is  r e f e r r e d   to  as  t he   h i g h   f r e q u e n c y   a t t e n u a t i o n .   T h e  

g r e a t e r   the   a t t e n u a t i o n ,   t he   h i g h e r   t he   e f f e c t i v e n e s s .  

V a r i o u s   a t t e m p t s   have  been   made  to  i m p r o v e   t he   h i g h  

f r e q u e n c y   a t t e n u a t i o n   of  t h e s e   c a b l e s .   in   t h i s   r e g a r d ,   s e e  

f o r   e x a m p l e ,   Maye r ,   USP  4 , 3 0 1 , 4 2 8 ;   M a r t i n ,   USP  4 , 3 4 7 , 4 8 7 ;  

C o r n e l i u s   et   a l . ,   USP  4 , 4 8 6 , 7 2 1 ;   and  C o r n e l i u s   e t   a l . ,   USP 

4 , 4 9 9 , 4 3 8 ,   a l l   of  w h i c h   a re   i n c o r p o r a t e d   h e r e i n   by  

r e f e r e n c e .  

T h e s e   r e f e r e n c e s   g e n e r a l l y   d i s c l o s e   a  c a b l e  

c o n s t r u c t i o n   in  wh ich   a  c o n d u c t o r   is  s u r r o u n d e d ,   in  o r d e r ,  

by  a  h i g h   f r e q u e n c y   e n e r g y   a t t e n u a t i o n   med ium,   a  d i e l e c t r i c ,  

and  an  e l e c t r i c a l l y   c o n d u c t i v e   s h i e l d i n g   m e a n s .   In  t h e  

C o r n e l i u s   e t   a l .   a p p l i c a t i o n ,   t he   r e l a t i v e   p o s i t i o n s   of  t h e  

h i g h   f r e q u e n c y   e n e r g y   a t t e n u a t i o n   medium  and  t he   d i e l e c t r i c  

a r e   r e v e r s e d .  

Whi l e   t he   h igh   f r e q u e n c y   a t t e n u a t i o n   c a b l e s   d e s c r i b e d  

in  t h e   above   r e f e r e n c e s   have  i m p r o v e d   h i g h   f r e q u e n c y   a t t e -  



n u a t i o n   a b o v e   100  m e g a h e r t z   (MHz),  t he   a t t e n u a t i o n   in  t h e  

r a n g e   of  10  to   100  MHz  is  somewha t   l e s s   t h a n   t h a t   d e s i r e d  

f o r   c e r t a i n   a p p l i c a t i o n s .  T h i s   i n v e n t i o n   p r o v i d e s   a  h i g h  

f r e q u e n c y   a t t e n u a t i o n   c a b l e   h a v i n g   i m p r o v e d   h i g h   f r e q u e n c y  

a t t e n u a t i o n   in  t h e   1 0 - 1 0 0   MHz  r a n g e .  

r   O n e  a s p e c t   of  t h i s   i n v e n t i o n   c o m p r i s e s   a  h i g h   f r e q u e n c y  

a t t e n u a t i o n   c a b l e   c o m p r i s i n g   a  c o r e   c o m p r i s i n g   at   l e a s t   o n e  

c o n d u c t o r ,   e ach   s a i d   c o n d u c t o r   b e i n g   s u r r o u n d e d   by  a  l a y e r  

of  h i g h   d i e l e c t r i c   c o n s t a n t   m a t e r i a l   h a v i n g   a  d i e l e c t r i c  

c o n s t a n t   g r e a t e r   t h a n   a b o u t   4  when  m e a s u r e d   a t   10  MHz  and  a  

v o l u m e   r e s i s t i v i t y   of  a t   l e a s t   a b o u t   1013  ohm-cm;   and  a  

l a y e r   of  h i g h   f r e q u e n c y   a b s o r p t i o n   med ium.   The  h i g h  

d i e l e c t r i c   c o n s t a n t   m a t e r i a l   p r e f e r a b l y   a l s o   has  a  t e n s i l e  

s t r e n g t h   of  at   l e a s t   a b o u t   4 , 000   p o u n d s   p e r   s q u a r e   i n c h  

( p s i ) .   A d d i t i o n a l   l a y e r s   of  t he   a b s o r p t i o n   medium  a n d / o r  

t h e   h i g h   d i e l e c t r i c   m a t e r i a l   a n d / o r   a  s e c o n d   d i e l e c t r i c  

m a t e r i a l   may  a l s o   be  p r e s e n t .  

I t   s h o u l d   be  u n d e r s t o o d   t h a t   t he   c o r e   is   t h a t   p o r t i o n   o f  

t h e   c a b l e   wh ich   is   s u r r o u n d e d   by  t h e  e l e c t r i c a l l y   c o n d u c t i v e  

s h i e l d   and  any  o u t e r   or  p r o t e c t i v e   j a c k e t i n g .   - 

I  have   d i s c o v e r e d   t h a t   t he   use   of  a  h i g h   d i e l e c t r i c  

c o n s t a n t   m a t e r i a l   s u r p r i s i n g l y   and  u n e x p e c t e d l y   i m p r o v e s   t h e  

h i g h   f r e q u e n c y   a t t e n u a t i o n   in  the   f r e q u e n c y   r a n g e   of  10  t o  

100  MHz. 

F i g u r e   1  is   a  c u t - a w a y   s i d e   v iew  of  one  e m b o d i m e n t   o f  

a  c a b l e   c o n s t r u c t i o n   a c c o r d i n g   to  the   i n v e n t i o n .  



F i g u r e   2  is   a  c u t - a w a y   s i d e   v i e w   of  a n o t h e r   e m b o d i m e n t  

of  a  c a b l e   c o n s t r u c t i o n   a c c o r d i n g   to   t he   i n v e n t i o n .  

F i g u r e   3  i s   a  c r o s s - s e c t i o n a l   v i e w   of  one  e m b o d i m e n t  

of  a  c a b l e   h a r n e s s   a c c o r d i n g   to   t h e   i n v e n t i o n .  

F i g u r e   4  i s   a  c r o s s - s e c t i o n a l   v i ew   of  a n o t h e r   e m b o d i -  

ment   of  a  c a b l e   h a r n e s s   a c c o r d i n g   to   t h e   i n v e n t i o n .  

F i g u r e s   5  and  6  a r e   g r a p h s   of  a t t e n u a t i o n   v e r s u s  

.  f r e q u e n c y   f o r   c a b l e   c o n s t r u c t i o n s   a c c o r d i n g   to  t he   i n v e n -  

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

a r t .  

R e f e r r i n g   to   t h e   f i g u r e s   in  more  d e t a i l ,   and  p a r -  

t i c u l a r l y   r e f e r r i n g   to  F i g u r e   1,  t h e r e   i s   d i s c l o s e d   a  h i g h  

f r e q u e n c y   a t t e n u a t i o n   c a b l e   2.  The  c a b l e   c o m p r i s e s   a  c o r e  

w h i c h ,   in  t u r n ,   c o m p r i s e s   c o n d u c t o r   4,  a  l a y e r   of  h i g h   f r e -  

q u e n c y   a b s o r p t i o n   medium  6  s u r r o u n d i n g   t h e   c o n d u c t o r ,   and  a  

l a y e r   of  h i g h   d i e l e c t r i c   c o n s t a n t   m a t e r i a l   8  s u r r o u n d i n g   t h e  

h i g h   f r e q u e n c y   a b s o r p t i o n   m e d i u m .  

I t   is   to   be  u n d e r s t o o d   t h a t   t h e   c a b l e   may  f u r t h e r  

c o m p r i s e   a d d i t i o n a l   l a y e r s   of  a b s o r p t i o n   medium,   h i g h  

d i e l e c t r i c   c o n s t a n t   m a t e r i a l ,   a  s e c o n d   d i e l e c t r i c   m a t e r i a l  

and  t he   l i k e .   F u r t h e r   t he   c a b l e   g e n e r a l l y   a l s o   is   p r o v i d e d  

w i t h   an  e l e c t r i c a l l y   c o n d u c t i v e   s h i e l d  a n d  a   p r o t e c t i v e  

o u t e r   j a c k e t .  

As  w i l l   become  more  a p p a r e n t   h e r e a f t e r ,   t he   use   of  a  

l a y e r   of  h i g h   d i e l e c t r i c   c o n s t a n t   m a t e r i a l   a c c o r d i n g   to  t h e  



i n v e n t i o n   m a r k e d l y   i n c r e a s e s   t h e   h i g h   f r e q u e n c y   a t t e n u a t i o n  

of  t he   c a b l e   in  t h e   f r e q u e n c y   r a n g e   of  10  to  100  MHz. 

The  t e r m   " h i g h   d i e l e c t r i c   c o n s t a n t   m a t e r i a l "   is  u s e d  

h e r e i n   to  mean  a  m a t e r i a l   has  a  d i e l e c t r i c   c o n s t a n t   ( e )  

g r e a t e r   t h a n   a b o u t   4  when  m e a s u r e d   at   10  MHz.  F u r t h e r ,   t h e  

m a t e r i a l   has  a  v o l u m e   r e s i s t i v i t y   of  at   l e a s t   a b o u t   1 0 1 3  

ohm-cm.   The  h i g h   d i e l e c t r i c   c o n s t a n t   m a t e r i a l   p r e f e r a b l y  

a l s o   has  a  t e n s i l e   s t r e n g t h   g r e a t e r   t h a n   a b o u t   4 , 0 0 0   p s i .   A 

p r e f e r r e d   h i g h   d i e l e c t r i c   c o n s t a n t   m a t e r i a l   is  p o l y v i n y l i -  

dene   f l u o r i d e .   The  t e r m   p o l y v i n y l i d e n e   f l u o r i d e   is  u s e d  

h e r e i n   to  mean  p o l y m e r s   of  v i n y l i d e n e   f l u o r i d e .   The  h o m o p o -  

l y m e r   is  p r e f e r r e d .   P o l y v i n y l i d e n e   f l u o r i d e   is  c o m m e r c i a l l y  

a v a i l a b l e   u n d e r   t h e   t r a d e m a r k   Kynar  f rom  P e n n w a l t  

C o r p o r a t i o n ,   P h i l a d e l p h i a ,   PA. 

In  t y p i c a l   p r i o r   a r t   h igh   f r e q u e n c y   a t t e n u a t i o n   c a b l e  

c o n s t r u c t i o n   t h e r e   g e n e r a l l y   is  a  c o n d u c t o r   s u r r o u n d e d   by  a  

h i g h   f r e q u e n c y   a b s o r p t i o n   medium  which   is  in  t u r n   s u r r o u n d e d  

by  a  d i e l e c t r i c   m a t e r i a l   such   a s  p o l y e t h y l e n e   or  TEFZELO 

(TEFZEL  is  a  c o p o l y m e r   of  e t h y l e n e   and  t e t r a f l u o r o e t h y l e n e  

and  is  a  p r o d u c t   of  E . I .   d u P o n t   de  N e m o u r s ,   W i l m i n g t o n ,  

DE).  Both  p o l y e t h y l e n e   and  TEFZEL  a r e   m a t e r i a l s   h a v i n g   l o w  

d i e l e c t r i c   c o n s t a n t s   (e  of  a b o u t   2 - 3 ) .   As  m e n t i o n e d   a b o v e  

p r i o r   a r t   c a b l e s   e x h i b i t   l o w e r   h i g h   f r e q u e n c y   a t t e n u a t i o n   i n  

t h e   f r e q u e n c y   r a n g e   of  1 0 - 1 0 0   MHz  t h a n   is  d e s i r a b l e   f o r   c e r -  

t a i n  u s e s .  

The  h i g h   f r e q u e n c y   a b s o r p t i o n   medium  such   as  the   w e l l -  

known  l o s s y   m a t e r i a l s   d i s c l o s e d   in  t he   C o r n e l i u s   e t   a l .  



r e f e r e n c e s   s e r v e s   to  a l l o w   t he   p a s s a g e   of  low  f r e q u e n c y  

e n e r g y   b u t   a b s o r b s   t he   h i g h   f r e q u e n c y   e n e r g y .   L o s s y  

m a t e r i a l s   a r e   a l s o   d i s c l o s e d   in  Maye r ,   USP  3 , 3 0 9 , 6 3 3   and  USP 

3 , 1 9 1 , 1 3 2   which   a r e   i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .   A 

p r e f e r r e d   l o s s y   m a t e r i a l   f o r   t he   p r e s e n t   i n v e n t i o n   i s  

f e r r i t e - l o a d e d   p o l y m e r ,   f o r   e x a m p l e ,   f e r r i t e - l o a d e d   VITON® 

A  (VITON  A  is   a  c o p o l y m e r   of  v i n y l i d e n e   f l u o r i d e   a n d  

h e x a f l u o r o p r o p y l e n e   and  is   a  p r o d u c t   of  E.  I.  Du  P o n t   d e  

N e m o u r s ,   W i l m i n g t o n ,   D E ) .  

In  F i g u r e   2  t h e r e   is   d i s c l o s e d  a   s e c o n d   e m b o d i m e n t   o f  

t h e   i n v e n t i o n .   As  shown  in  t h e   f i g u r e ,   t h e r e   is  a  h i g h  

f r e q u e n c y   a t t e n u a t i o n   c a b l e   2 ' .   The  c a b l e   c o m p r i s e s   a  c o n -  
d u c t o r   4,  a  l a y e r   of  h i g h   d i e l e c t r i c   c o n s t a n t   m a t e r i a l   9 

s u r r o u n d i n g   the   c o n d u c t o r ,   a  l a y e r   of  h i g h   f r e q u e n c y   a b s o r p -  
t i o n   medium  6  s u r r o u n d i n g   t h e   l a y e r   9  of  h i g h   d i e l e c t r i c  

c o n s t a n t   m a t e r i a l ,   and  an  a d d i t i o n a l   l a y e r   of  d i e l e c t r i c  

m a t e r i a l   8  s u r r o u n d i n g   t h e   l a y e r   of  h i g h   f r e q u e n c y   a b s o r p -  

t i o n   med ium.   The  d i e l e c t r i c   m a t e r i a l   of  the   a d d i t i o n a l  

l a y e r   can  be  a  h i g h   d i e l e c t r i c   c o n s t a n t   m a t e r i a l ,   as  d e f i n e d  

h e r e i n ,   or  a  s e c o n d   d i e l e c t r i c   m a t e r i a l ,   e . g .   one  h a v i n g   a  

l o w e r   d i e l e c t r i c   c o n s t a n t ,   e . g .   b e l o w   a b o u t   3 . -  

I t   has  been  f o u n d   t h a t   when  h i g h   d i e l e c t r i c   c o n s t a n t  

m a t e r i a l   is  l o c a t e d   b o t h   i n s i d e   and  o u t s i d e   of  t he   h igh   f r e -  

q u e n c y   a b s o r p t i o n   medium  t h a t   s i m i l a r   r e s u l t s   a r e   o b t a i n e d  

as  when  a  l a y e r   of  h i g h   d i e l e c t r i c   c o n s t a n t   m a t e r i a l   h a v i n g  

a  t h i c k n e s s   e q u a l   to   t h e   t o t a l   t h i c k n e s s   of  t he   two  l a y e r s  

i s   l o c a t e d   o n l y   o u t s i d e   of  t h e   a b s o r p t i o n   m e d i u m .  



A n o t h e r   e m b o d i m e n t   of  t he   h igh   f r e q u e n c y   a t t e n u a t i o n  

c a b l e   ( n o t   shown)  c o m p r i s e s   a  c o n d u c t o r ,   a  l a y e r   of  h i g h  

d i e l e c t r i c   c o n s t a n t   m a t e r i a l   s u r r o u n d i n g   t h e   c o n d u c t o r ,   a n d  

a  h i g h   f r e q u e n c y   a b s o r p t i o n   medium  s u r r o u n d i n g   t he   l a y e r   o f  

h i g h   d i e l e c t r i c   m a t e r i a l .   I t   is  b e l i e v e d   t h a t   t h i s   c a b l e  

c o n s t r u c t i o n   w i l l   a l s o   l e a d   to  i m p r o v e d   h i g h   f r e q u e n c y   a t t e -  

n u a t i o n   in  t he   10  to   100  m e g a h e r t z   r a n g e ,   as  was  t he   c a s e  

w i t h   t h e   p r e v i o u s   e m b o d i m e n t s .  

T h u s ,   i t   is  now  a p p a r e n t   t h a t   the   h i g h   d i e l e c t r i c  

m a t e r i a l ,   p r e f e r a b l y   p o l y v i n y l i d e n e   f l u o r i d e ,   can  b e  

l o c a t e d   e i t h e r   i n s i d e   of  t he   h igh   f r e q u e n c y   a b s o r p t i o n  

medium  or  o u t s i d e   of  t h e   h i g h   f r e q u e n c y   a b s o r p t i o n   m e d i u m  

or  b o t h   i n s i d e   and  o u t s i d e   of  t he   h i g h   f r e q u e n c y   a b s o r p t i o n  

medium.   F u r t h e r ,   a  l a y e r   of  d i e l e c t r i c   m a t e r i a l   h a v i n g   a  

d i e l e c t r i c   c o n s t a n t   l e s s   t h a n   a b o u t   3  can  be  i n c l u d e d   in  t h e  

c o n s t r u c t i o n ,   p r e f e r a b l y   as  an  o u t e r m o s t   l a y e r .  

The  a d d i t i o n a l   l a y e r   of  d i e l e c t r i c   m a t e r i a l   can  b e  

s e l e c t e d   to  p r o v i d e   d e s i r e d   e l e c t r i c a l   a n d / o r   m e c h a n i c a l  

p r o p e r t i e s .   For  e x a m p l e ,   fo r   maximum  a t t e n u a t i o n ,   i t   i s  

b e l i e v e d   t h a t   t he   a d d i t i o n a l   l a y e r   s h o u l d   be  of  a  h i g h  

d i e l e c t r i c   c o n s t a n t   m a t e r i a l ,   e . g .   p o l y v i n y l i d e n e   f l u o r i d e .  

In  c e r t a i n   s i t u a t i o n s   i t   may  be  d e s i r a b l e   to  o p t i m i z e   t h e  

o v e r a l l   c a p a c i t a n c e   of  t he   c a b l e   mak ing   i t   as  low  a s  

p o s s i b l e   w h i l e   s t i l l   m a i n t a i n i n g   good  a t t e n u a t i o n .   In  s u c h  

a  s i t u a t i o n   a  m a t e r i a l   h a v i n g   a  l ower   d i e l e c t r i c   c o n s t a n t ,  

e . g .   p o l y e t h y l e n e   or  TEFZEL,  can  be  u s e d .   In  o t h e r   i n s t a n -  

ce s   the   s e l e c t i o n   of  t he   a d d i t i o n a l   l a y e r   of  d i e l e c t r i c  

m a t e r i a l   is  made  to   p r o v i d e   good  m e c h a n i c a l   p r o p e r t i e s .   F o r  



e x a m p l e   good  s o l v e n t   r e s i s t a n c e ,   t o u g h n e s s ,   a b r a s i o n  

r e s i s t a n c e ,   c u t   t h r o u g h   r e s i s t a n c e   and  t h e   l i k e   may  l e a d   t o  

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

o p t i m u m   e l e c t r i c a l   p e r f o r m a n c e   i s   not   a c h i e v e d .   S u i t a b l e  

d i e l e c t r i c   m a t e r i a l s   u n d e r   t h e s e   c r i t e r i a   i n c l u d e   p o l y e t h y -  

l e n e ,   p o l y v i n y l   c h l o r i d e ,   TEFZEL,  p o l y e s t e r s ,   p o l y a m i d e s ,  

p o l y a m i d e - i m i d e s ,   p o l y e t h e r - e s t e r s ,   a n d  t h e   l i k e   a l s o   p o l y -  

m e r i c   b l e n d s .   The  h i g h   d i e l e c t r i c   c o n s t a n t   m a t e r i a l   and  t h e  

s e c o n d   d i e l e c t r i c   m a t e r i a l ,   if   p r e s e n t ,   can  i n c l u d e   v a r i o u s  

a d d i t i v e s   such   as  s t a b i l i z e r s ,   p i g m e n t s ,   f l a m e   r e t a r d a n t s ,  

p r o c e s s i n g   a i d s   and  t he   l i k e .  

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

e l e c t r i c a l l y   c o n d u c t i v e   s h i e l d i n g   means   s u r r o u n d i n g   t he   c o r e  

and  an  o u t e r   j a c k e t   s u r r o u n d i n g   the   s h i e l d i n g   m e a n s .  

I t   has   been   f o u n d   t h a t   t he   use   of  a  h i g h   d i e l e c t r i c  

c o n s t a n t   m a t e r i a l ,   as  d e f i n e d   a b o v e ,   l e a d s   to  s i g n i f i c a n t l y  

i m p r o v e d   p e r f o r m a n c e .   I t   has   a l s o   been   f o u n d   t h a t   r e d u c i n g  

t h e   w a l l   t h i c k n e s s   of  the   h i g h   d i e l e c t r i c   c o n s t a n t   m a t e r i a l  

w i l l   a l s o   l e a d   to  e n h a n c e d   p e r f o r m a n c e .   T h u s ,   in  a  p r e -  
. f e r r e d   e m b o d i m e n t   of  t h i s   i n v e n t i o n ,   a  r e l a t i v e l y   t h i n   l a y e r  

o f   h i g h   d i e l e c t r i c   c o n s t a n t   m a t e r i a l   is  u s e d .   W h i l e   t h e  

r e a s o n   f o r   t h e   i m p r o v e d   p e r f o r m a n c e   is  not   f u l l y   u n d e r s t o o d ,  

i t   is   b e l i e v e d   to  be  due  to  t he   i n c r e a s e d   c a p a c i t a n c e   b e t -  

ween  t he   a b s o r p t i v e   m a t e r i a l   and  t he   c o n d u c t o r   when  the   h i g h  

d i e l e c t r i c   c o n s t a n t   m a t e r i a l   is  p o s i t i o n e d   t h e r e b e t w e e n   o r  

b e t w e e n   t h e   a b s o r p t i v e   medium  and  the   e l e c t r i c a l l y   c o n d u c -  

t i v e   s h i e l d   when  the   h igh   d i e l e c t r i c   m a t e r i a l   is   p o s i t i o n e d  

o u t s i d e   of  t h e   a b s o r p t i v e   med ium.   The  c a p a c i t a n c e   i s  



f u r t h e r   i n c r e a s e d   if   t h e   l a y e r   of  the   h i g h   d i e l e c t r i c  

c o n s t a n t   m a t e r i a l   is  r e l a t i v e l y   t h i n .  

F u r t h e r   d i s c l o s e d   a c c o r d i n g   to  the   i n v e n t i o n ,   a s  

i l l u s t r a t e d   in  F i g u r e s   3  and  4,  a re   h igh   f r e q u e n c y   a t t e -  

n u a t i o n   c a b l e   h a r n e s s e s .   Each  of  t he   c a b l e   h a r n e s s e s  

c o m p r i s e s   a  p l u r a l i t y - o f  c a b l e s   w i t h  e a c h   c a b l e   h a v i n g   a  

c o r e   as  d e s c r i b e d   a b o v e .   T h u s ,   in  g e n e r a l   t h e   c o r e   w i l l  

c o m p r i s e   a  c o n d u c t o r ,   a  h i g h   f r e q u e n c y   a b s o r p t i o n   m e d i u m  

s u r r o u n d i n g   t he   c o n d u c t o r   and  a t   l e a s t   one  l a y e r   of  h i g h  

d i e l e c t r i c  c o n s t a n t  m a t e r i a l ,   p r e f e r a b l y   p o l y v i n y l i d e n e  

f l u o r i d e .   The  o n l y   d i f f e r e n c e   b e t w e e n   the   v a r i o u s   c o r e s  

w i l l   be  t h e   l o c a t i o n   of  t h e   h i g h   d i e l e c t r i c   c o n s t a n t  

m a t e r i a l   wh ich   may  be  i n s i d e   or  o u t s i d e ,   or  b o t h   i n s i d e   a n d  

o u t s i d e   of  t he   h igh   f r e q u e n c y   a b s o r p t i o n   m e d i u m .  

F i g u r e   3  i l l u s t r a t e s   one  e m b o d i m e n t   of  a  c a b l e   h a r n e s s  

20  h a v i n g   a  p l u r a l i t y   of  c a b l e s   22  in  w h i c h ,   in  e a c h   c o r e  

t h e r e   is  a  c o n d u c t o r   24  s u r r o u n d e d   by  a  h i g h   f r e q u e n c y  

a b s o r p t i o n   medium  26  w h i c h   in  t u r n   is  s u r r o u n d e d   by  a  l a y e r  

of  h i g h   d i e l e c t r i c   c o n s t a n t   m a t e r i a l   2 8 .  

-  S i m i l a r l y ,   in  F i g u r e   4,  e a c h   c a b l e   42  of  c a b l e   h a r n e s s  

40  has   a  c o r e   h a v i n g   a t   l e a s t   one  c o n d u c t o r   44  s u r r o u n d e d  

by  a  h i g h   f r e q u e n c y   a b s o r p t i o n   medium  46  w h i c h   is   in  t u r n  

s u r r o u n d e d   by  a  l a y e r   o f  h i g h   d i e l e c t r i c   c o n s t a n t   m a t e r i a l  

4 8 .  

The  main  d i s t i n g u i s h i n g   f e a t u r e   b e t w e e n   t h e   c o n s t r u c -  

t i o n s   in  F i g u r e s   3  and  4  i s   how  t he   i n d i v i d u a l   c a b l e s   a r e  



s h i e l d e d .   T h u s ,   in  F i g u r e   3  e a c h   c a b l e   c o m p r i s e s   e l e c t r i -  

c a l l y   c o n d u c t i v e   s h i e l d i n g   means   30  s u r r o u n d i n g   e a c h   of  t h e  

c o r e s   and  an  o u t e r   j a c k e t   32  s u r r o u n d i n g   each   of  t h e  

e l e c t r i c a l l y   c o n d u c t i v e   s h i e l d i n g   m e a n s .   The  c o n s t r u c t i o n  

in  F i g u r e   3  may  f u r t h e r   c o m p r i s e   p r o t e c t i v e   o u t e r   j a c k e t i n g  

34  s u r r o u n d i n g   t h e   p l u r a l i t y   of  c a b l e s .  

R e t u r n i n g   to   F i g u r e   4,  t h e   c a b l e   h a r n e s s   40  c o m p r i s e s  

g r o s s   e l e c t r i c a l l y   c o n d u c t i v e   s h i e l d i n g   means  50  s u r r o u n d i n g  

t h e   p l u r a l i t y   of  c a b l e s   and  p r o t e c t i v e   o u t e r   j a c k e t i n g   52  

s u r r o u n d i n g   t h e   s h i e l d i n g   m e a n s .  

As  s t a t e d   a b o v e ,   t he   h i g h   f r e q u e n c y   a b s o r p t i o n   m e d i u m  

may  be  any  of  t h e   w e l l - k n o w n   l o s s y   m a t e r i a l s .   However   t h e  

p r e f e r r e d   l o s s y   m a t e r i a l   is  f e r r i t e - l o a d e d   p o l y m e r   and  m o r e  

p r e f e r a b l y   f e r r i t e - l o a d e d   VITON.  

The  a d v a n t a g e s   of  t he   i n v e n t i o n   w i l l   become  m o r e  

a p p a r e n t   a f t e r   r e f e r e n c e   to  t h e   f o l l o w i n g   e x a m p l e s .  

E x a m p l e   I  

Two  s a m p l e s   were   p r e p a r e d   e a c h   by  e x t r u d i n g   a  f i r s t  

l a y e r   ( a b o u t   15  m i l s   t h i c k )   o f  h i g h   f r e q u e n c y   a b s o r p t i o n  

medium  ( a b o u t   5  m i l s   t h i c k )   o n t o   a  s t r a n d e d   c o n d u c t o r   40 

m i l s   in  d i a m e t e r   and  t h e n   a  s e c o n d   l a y e r   ( a b o u t   5  m i l s  

t h i c k )  o f   d i e l e c t r i c  m a t e r i a l .   Each  c o r e   was  s u r r o u n d e d   by  

m e t a l l i c   b r a i d   f o r   s h i e l d i n g   and  t h e n   s u r r o u n d e d   by  o u t e r  

j a c k e t i n g .   The  o n l y   d i f f e r e n c e   b e t w e e n   t he   s a m p l e s   was  t h a t  

in  one  s a m p l e   t h e   d i e l e c t r i c   m a t e r i a l   was  TEFZEL  ( l o w  



d i e l e c t r i c   c o n s t a n t   m a t e r i a l )   and  in  t he   o t h e r   s ample   t h e  

i n s u l a t i o n   l a y e r   was  KYNAR,  p o l y v i n y l i d e n e   f l u o r i d e   ( h i g h  

d i e l e c t r i c   c o n s t a n t   m a t e r i a l ) .   Each  s a m p l e   was  s u r r o u n d e d  

by  a  m e t a l l i c   b r a i d   and  the   i n s e r t i o n   l o s s   was  m e a s u r e d .  

The  r e s u l t s   a r e   i l l u s t r a t e d   in  F i g u r e   5 .  

A s   can  be  s e e n ,   the   c a b l e   c o n s t r u c t i o n   h a v i n g   t h e  

KYNAR  i n s u l a t i o n   l a y e r   (Sample   2)  is   f a r   s u p e r i o r   ove r   t h e  

e n t i r e   f r e q u e n c y   r a n g e   to  t he   c a b l e   c o n s t r u c t i o n   h a v i n g   t h e  

TEFZEL  i n s u l a t i o n   l a y e r   (Sample   1 ) .   Most  i m p o r t a n t l y ,   i n  

t h e   c r i t i c a l   r a n g e   of  10  to  100  MHz  t h e   a t t e n u a t i o n   h a s  

been   d r a m a t i c a l l y   i m p r o v e d .  

Example   I I  

T w o  o t h e r   s a m p l e s   were  s i m i l a r l y   p r e p a r e d .   Both  of  t h e  

s a m p l e s   in  g e n e r a l   had  a  c o n d u c t o r   s u r r o u n d e d   by  a  l a y e r   o f  

l o s s y   m a t e r i a l   w h i c h   in  t h e s e   s a m p l e s   c o n s i s t e d   of  30  v o l u m e  

p e r c e n t   of  f e r r i t e   in  VITON.  The  c a b l e   c o n s t r u c t i o n s  

f u r t h e r   c o m p r i s e d   a  l a y e r   of  i n s u l a t i v e   d i e l e c t r i c   m a t e r i a l  

s u r r o u n d e d   by  e l e c t r i c a l l y   c o n d u c t i v e   s h i e l d i n g   means  a n d  

f i n a l l y   s u r r o u n d e d   by  o u t e r   j a c k e t i n g .   The  r e s u l t s   a r e  

i l l u s t r a t e d   in  F i g u r e   6 .  

The  o n l y   d i f f e r e n c e   b e t w e e n   t he   s a m p l e s   was  t h a t  

Sample   1  had  KYNAR  ( h i g h   d i e l e c t r i c   c o n s t a n t   m a t e r i a l )   i n s u -  

l a t i o n   and  t h e   o t h e r   s ample   (Sample   2)  had  p o l y e t h y l e n e   ( l o w  

d i e l e c t r i c   c o n s t a n t   m a t e r i a l )   i n s u l a t i o n .   As  can  be  seen  i n  

F i g u r e   6  t h e   s a m p l e   h a v i n g   the   KYNAR  is  f a r   s u p e r i o r   o v e r  

t h e   e n t i r e   f r e q u e n c y   r a n g e   to  t he   s a m p l e   h a v i n g   t h e  



p o l y e t h y l e n e   i n s u l a t i o n .   And  a g a i n   most   i m p o r t a n t l y ,   in  t h e  

c r i t i c a l   r a n g e   of  10  t o  1 0 0   MHz,  t h e   a t t e n u a t i o n   of  t h e  

s a m p l e   h a v i n g   KYNAR  i n s u l a t i o n   is   m a r k e d l y   i m p r o v e d   o v e r   t h e  

s a m p l e   h a v i n g   t h e   p o l y e t h y l e n e   i n s u l a t i o n .  

In  v i e w   of   t h e   above   r e s u l t s   i t   can  be  a p p r e c i a t e d  

t h a t   by  u s i n g   an  i n s u l a t i o n   l a y e r   of  h i g h   d i e l e c t r i c  

c o n s t a n t   m a t e r i a l ,   p r e f e r a b l y   p o l y v i n y l i d e n e   f l u o r i d e  

( c o m m e r c i a l l y   a v a i l a b l e   as  KYNAR)  t h a t   t h e   a t t e n u a t i o n   o f  

t h e   c a b l e   c o n s t r u c t i o n   in  t he   f r e q u e n c y   r a n g e   of  10  to  1 0 0  

MHz  is  s u r p r i s i n g l y   and  u n e x p e c t e d l y   i m p r o v e d   o v e r   t h e   p r i o r  

a r t   c a b l e   c o n s t r u c t i o n s   u s i n g   p o l y e t h y l e n e ,   TEFZEL,  or  o t h e r  

s i m i l a r   i n s u l a t i o n   m a t e r i a l s .  

Example   I I I  

A  s a m p l e   was  p r e p a r e d   by  e x t r u d i n g   a  f i r s t   l a y e r   o f  

p o l y v i n y l i d e n e   f l u o r i d e   h a v i n g   a  w a l l   t h i c k n e s s   of  3  m i l s  

o n t o   a  s t r a n d e d ,   t i n _ p l a t e d   20  AWG  c o p p e r   c o n d u c t o r .   O n t o  

t h i s   was  e x t r u d e d   a  4  mil   l a y e r   of  f e r r i t e   f i l l e d   VITON  A  a s  

d e s c r i b e d   in  E x a m p l e s   I  and  I I .   A  t h i r d   l a y e r   c o n s i s t i n g   o f  

an  e t h y l e n e   t e t r a f l u o r o e t h y l e n e   c o p o l y m e r   (ETFE)  w i t h   a  w a l l  

t h i c k n e s s   of  4  m i l s   was  t h e n   e x t r u d e d   on  t o p   of  t he   f i r s t  

two  l a y e r s .   The  s a m p l e   was  t h e n   s u r r o u n d e d   w i t h   a  m e t a l l i c  

b r a i d ,   and  t h e   i n s e r t i o n   l o s s   was  m e a s u r e d .   The  r e s u l t s  

were   as  f o l l o w s :  



While   t he   i n v e n t i o n   has  been   d e s c r i b e d   h e r e i n   in  a c c o r -  

d a n c e   w i t h   c e r t a i n   p r e f e r r e d   e m b o d i m e n t s   t h e r e o f ,   many  m o d i -  

f i c a t i o n s   and  c h a n g e s   w i l l   be  a p p a r e n t   to  t h o s e   s k i l l e d   i n  

t h e   a r t .   A c c o r d i n g l y ,   i t   is  i n t e n d e d   by  t he   a p p e n d e d   c l a i m s  

to  c o v e r   a l l   s u c h   m o d i f i c a t i o n s   and  c h a n g e s   as  f a l l   w i t h i n  

t h e   t r u e   s p i r i t   and  s c o p e   of  t he   i n v e n t i o n .  



1.  A  h i g h   f r e q u e n c y   a t t e n u a t i o n   c a b l e   c o m p r i s i n g   a  c o r e  

c o m p r i s i n g   at   l e a s t   one  c o n d u c t o r ,   e a c h   c o n d u c t o r   b e i n g  

s u r r o u n d e d   b y :  

(a)   a  l a y e r   of  h i g h   d i e l e c t r i c   c o n s t a n t   m a t e r i a l   h a v i n g  

a  d i e l e c t r i c   c o n s t a n t   g r e a t e r   t h a n   a b o u t   4  w h e n  

m e a s u r e d   at   10  MHz  and  a  v o l u m e   r e s i s t i v i t y   of  a t  

l e a s t   a b o u t   1013  ohm-cm;  a n d  

(b)  a  l a y e r   of  h igh   f r e q u e n c y   a b s o r p t i o n   m e d i u m .  

2.  A  c a b l e  i n - a c c o r d a n c e   w i t h   C l a i m   1,  w h e r e i n   s a i d   h i g h  

d i e l e c t r i c   c o n s t a n t   m a t e r i a l   has  a  t e n s i l e   s t r e n g t h   g r e a t e r  
t h a n   a b o u t   4 , 0 0 0   p s i .  

3.  A  c a b l e   in  a c c o r d a n c e   w i t h   C l a i m   1,  w h e r e i n   s a i d   l a y e r  

of  h i g h   d i e l e c t r i c   c o n s t a n t   m a t e r i a l   is   p o s i t i o n e d   b e t w e e n  

s a i d   c o n d u c t o r   and  s a i d   l a y e r   of  a b s o r p t i o n   m e d i u m .  

4.  A  c a b l e   in  a c c o r d a n c e   w i t h   C l a i m   1,  w h e r e i n   s a i d   l a y e r   o f  

a b s o r p t i o n   medium  is  p o s i t i o n e d   b e t w e e n   t h e   c o n d u c t o r   a n d  

t h e   h i g h   d i e l e c t r i c   c o n s t a n t   m a t e r i a l .  

5.  A  c a b l e - i n   a c c o r d a n c e   w i t h   C l a i m   1,  wh ich   f u r t h e r  

c o m p r i s e s   an  a d d i t i o n a l   l a y e r   of  d i e l e c t r i c   m a t e r i a l .  

6.  A  c a b l e   in  a c c o r d a n c e   w i t h   C l a i m   5,  w h e r e i n   t he   a d d i -  

t i o n a l   l a y e r   of  d i e l e c t r i c   m a t e r i a l   c o m p r i s e s   a  h i g h  



d i e l e c t r i c   c o n s t a n t   m a t e r i a l   h a v i n g   a  d i e l e c t r i c   c o n s t a n t  

g r e a t e r   t h a n   a b o u t   4  when  m e a s u r e d   a t   10  MHz  and  a  v o l u m e  

r e s i s t i v i t y   of  at   l e a s t   a b o u t   1013  o h m - c m .  

7.  A  c a b l e   in  a c c o r d a n c e   w i t h   C l a i m   5,  w h e r e i n   s a i d   a d d i -  

t i o n a l   l a y e r   of  d i e l e c t r i c   m a t e r i a l   s u r r o u n d s   s a i d   o t h e r  

l a y e r s .  

8.  A  c a b l e   in  a c c o r d a n c e   w i t h   C l a i m   5,  w h e r e i n   s a i d   a d d i -  

t i o n a l   l a y e r   of  d i e l e c t r i c   m a t e r i a l   c o m p r i s e s   a  m a t e r i a l  

h a v i n g   a  d i e l e c t r i c   c o n s t a n t   l e s s   t h a n   a b o u t   3 .  

9.  A  c a b l e   in  a c c o r d a n c e   w i t h   C l a i m   1,  w h e r e i n   s a i d   h i g h  

d i e l e c t r i c   c o n s t a n t   m a t e r i a l   is  p o l y v i n y l i d e n e   f l u o r i d e .  

10.  A  c a b l e   in  a c c o r d a n c e   w i t h   C l a i m   1,  w h e r e i n   s a i d   h i g h  

f r e q u e n c y   a b s o r p t i o n   medium  c o m p r i s e s   a  f e r r i t e   l o a d e d   p o l y -  

m e r i c   m a t e r i a l .  

11.  A  c a b l e   in  a c c o r d a n c e   w i t h   C l a i m   1,  w h e r e i n   s a i d   c o r e   i s  

s u r r o u n d e d   by  an  e l e c t r i c a l l y   c o n d u c t i v e   s h i e l d i n g   m e a n s .  

1 2 .  A   h i g h   f r e q u e n c y   a t t e n u a t i o n   c a b l e   h a r n e s s   c o m p r i s i n g   a  

p l u r a l i t y   of  c a b l e s ,   each   c a b l e   c o m p r i s i n g   a  c o r e   c o m p r i s i n g  

a t   l e a s t   one  c o n d u c t o r ,   each   c o n d u c t o r   b e i n g   s u r r o u n d e d   b y :  

(a)  a  l a y e r   of  h igh   d i e l e c t r i c   c o n s t a n t   m a t e r i a l   h a v i n g  

a  d i e l e c t r i c   c o n s t a n t   g r e a t e r   t h a n   a b o u t   4  w h e n  

m e a s u r e d   a t   10  MHz  and  a  v o l u m e   r e s i s t i v i t y   of  a t  

l e a s t   a b o u t   1013  ohm-cm;  a n d  



(b)  a  l a y e r   of  h i g h   f r e q u e n c y   a b s o r p t i o n   m e d i u m .  

13.  The  h i g h   f r e q u e n c y   a t t e n u a t i o n   c a b l e   h a r n e s s   of  Cla im  11 

w h e r e i n   t he   h igh   d i e l e c t r i c   c o n s t a n t   m a t e r i a l   is  p o l y v i n y l i -  

dene   f l u o r i d e .  

14.  The  h igh   f r e q u e n c y   a t t e n u a t i o n   c a b l e   h a r n e s s   of  C l a i m  

12,  w h e r e i n   t he   h i g h   f r e q u e n c y   a b s o r p t i o n   medium  is  f e r r i t e  

l o a d e d   p o l y m e r .  

15.  The  h igh   f r e q u e n c y   a t t e n u a t i o n   c a b l e   h a r n e s s   of  C l a i m  

12,  f u r t h e r   c o m p r i s i n g   an  e l e c t r i c a l l y   c o n d u c t i v e   s h i e l d i n g  

means  s u r r o u n d i n g   e a c h   of  s a i d   c a b l e s   and  an  o u t e r   j a c k e t  

s u r r o u n d i n g   each   of  s a i d   s h i e l d i n g   m e a n s .  

16.  The  h igh   f r e q u e n c y   a t t e n u a t i o n   c a b l e   h a r n e s s   of  C l a i m  

15,  f u r t h e r   c o m p r i s i n g   p r o t e c t i v e   o u t e r   j a c k e t i n g  

s u r r o u n d i n g   the   p l u r a l i t y   of  c a b l e s .  

17.  The  h igh   f r e q u e n c y   a t t e n u a t i o n   c a b l e   h a r n e s s   of  C l a i m  

12,  f u r t h e r   c o m p r i s i n g   g r o s s   e l e c t r i c a l l y   c o n d u c t i v e  

s h i e l d i n g   means  s u r r o u n d i n g   the   p l u r a l i t y   of  c a b l e s   and  p r o -  
t e c t i v e   o u t e r   j a c k e t i n g   s u r r o u n d i n g   the   g r o s s   s h i e l d i n g  

m e a n s .  
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