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Thermally  conducting  filler  for  enclosing  electrical  components. 

o  
o  
o  

(§5  A  slurry  of  particles  of  thermally  conductive  but  electrically 
insulative  material  is  suspended  in  a  dielectric  fluid  such  as 
silicone  oil  and  is  capable  of  freely  flowing  to  fill  the  irregular 
interior  volume  of  a  housing  containing  electrical  components. 
The  particles  are  compacted,  by  settling  and  centrifuging,  to  form 
a  compact,  relatively  non-flowable  paste  in  which  the  dielectric 
fluid  is  present  only  to  the  extent  that  it  fills  the  interstitial  spaces 
between  particles.  The  thermal  conductivity  of  the  compacted 
particles  is  close  to  that  of  the  bulk  material.  The  free  volume 
within  the  housing  may  be  reduced  by  adding  relatively  large 
blocks  of  solid  electrically  insulative  but  thermally  conductive 
ceramic  before  filling  with  the  slurry  of  particles  which  are  to  be 
compacted. 

Q.  
I l l  

ACTORUM  AG 

  A  slurry  of  particles  of  thermally  conductive  but  electrically 
insulative  material  is  suspended  in  a  dielectric  fluid  such  as 
silicone  oil  and  is  capable  of  freely  flowing  to  fill  the  irregular 
interior  volume  of  a  housing  containing  electrical  components. 
The  particles  are  compacted,  by  settling  and  centrifuging,  to  form 
a  compact,  relatively  non-flowable  paste  in  which  the  dielectric 
fluid  is  present  only  to  the  extent  that  it  fills  the  interstitial  spaces 
between  particles.  The  thermal  conductivity  of  the  compacted 
particles  is  close  to  that  of  the  bulk  material.  The  free  volume 
within  the  housing  may  be  reduced  by  adding  relatively  large 
blocks  of  solid  electrically  insulative  but  thermally  conductive 
ceramic  before  filling  with  the  slurry  of  particles  which  are  to  be 
compacted. 



BACKGROUND  OF  THE  INVENTION 

This  i n v e n t i o n   r e l a t e s   to  a  novel  t h e r m a l l y   c o n d u c t i v e  

f i l l e r   for  i n s u l a t i n g   the  i n t e r i o r   of  a  hous ing  c o n t a i n i n g  

e l e c t r i c a l   components  and  to  a  method  of  f i l l i n g   the  housing  and 

e n c a p s u l a t i n g   the  e l e c t r i c a l   components  with  the  t h e r m a l l y  

conduc t ive   medium. 

It  is  well  known  that   heat   produced  by  e l e c t r i c a l  

components  c o n t a i n e d   w i t h i n   a  housing  should  be  removed  by 

conduc t ing   the  heat   to  the  e x t e r i o r   of  the  hous ing .   When  t h e  

e l e c t r i c a l   components  w i t h i n   the  housing  are  r e l a t i v e l y   h i g h  

v o l t a g e   components  and  the  housing  has  a  r e l a t i v e l y   s m a l l  

volume,  i t   is  not  f e a s i b l e   to  employ  c o n v e n t i o n a l   a i r   coo l ing   o r  

l i q u i d   coo l ing   sys tems.   Moreover,   i t   is  f r e q u e n t l y   d e s i r a b l e  

tha t   the  housing  be  f i l l e d   with  a  medium  which  w i l l   e n c a p s u l a t e  

and  p r o t e c t   the  i n d i v i d u a l   components  t h e r e i n   a g a i n s t   r e l a t i v e  

movement  due  to  shock  fo r ce s   and  the  l i k e ,   and  a g a i n s t   c h e m i c a l  

a t t a c k   or  c o n t a m i n a t i o n   by  envi ronment   i n f l u e n c e s .  

Consequen t ly ,   e l e c t r i c a l   equipment  i n c l u d i n g   such  a s s e m b l i e s   a s  

high  v o l t a g e   power  s u p p l i e s   which  produce  ou tput   v o l t a g e s   of  t h e  

order   of  thousands   of  v o l t s ,   are  c o n v e n t i o n a l l y   po t t ed   by  a  

p o t t i n g   m a t e r i a l   which  is  t y p i c a l l y   a  po lymer ized   r e s i n .  

These  p o t t i n g   r e s i n s   provide   mechan ica l   p r o t e c t i o n   o f  

the  po t t ed   components  but  the  thermal   c o n d u c t i v i t y   of  s u c h  

r e s i n s   is  r e l a t i v e l y   poor.   For  example,  the  t h e r m a l  

c o n d u c t i v i t y   of  t y p i c a l   p o t t i n g   m a t e r i a l   now  used  is  of  t h e  

order   of  0.0005  ca l .   per  second  cm  °C.  T h e r e f o r e ,   h e a t  

g e n e r a t e d   by  the  e l e c t r i c a l   components  w i th in   the  hous ing  is  n o t  

e a s i l y   conducted  to  e x t e r n a l   s u r f a c e s   of  the  h o u s i n g .  

It  is  known  tha t   t h e r m a l l y   conduc t ive   p a r t i c l e s   can  be 

added  to  po lymer ized   p o t t i n g   r e s i n s   in  order   to  i n c r e a s e   t h e  

thermal   c o n d u c t i v i t y   of  the  p o t t i n g   m e t e r i a l .   These  t h e r m a l l y  

c o n d u c t i v e   p a r t i c l e s   are  g e n e r a l l y   e l e c t r i c a l l y   i n s u l a t i v e  

ceramics   which  have  good  thermal   conduc t ion   c h a r a c t e r i s t i c s   and  

t y p i c a l l y   may  be  b e r y l l i u m   oxide ,   aluminium  oxide,   boron  n i t r i d e  

or  some  types  of  s i l i c o n   c a r b i d e .   These  t h e r m a l l y   c o n d u c t i v e  



p a r t i c l e s   are  normal ly   s t i r r e d   in to   the  p o t t i n g   r e s i n   j u s t  

before   the  r e s i n   is  poured  in to   the  i n t e r i o r   of  a  h o u s i n g .  

It  has  been  found  tha t   the  volume  of  the  i n s u l a t i o n  

p a r t i c l e s   loaded  in  t h i s   way  can  r a r e l y   exceed  50%  of  the  t o t a l  

r e s i n   volume.  Consequen t ly ,   the  thermal   c o n d u c t i v i t y   of  t h e  

i n s u l a t i o n   medium  with  the  p a r t i c l e s   in  pace  is  u s u a l l y   o n l y  

about   twice  tha t   of  the  r e s i n   i t s e l f .   Thus,  while  a l u m i n i u m  

oxide ,   for  example,   has  a  bulk  thermal   c o n d u c t i v i t y   of  0 . 0 8 4  

c a l ,   per  second  cm  °C.  when  p a r t i c l e s   of  the  ceramic  c o n s i s t   o f  

about  50X  of  the  t o t a l   volume  of  a  c o n v e n t i o n a l   p o l y m e r i z e d  

p o t t i n g   r e s i n ,   the  thermal   c o n d u c t i v i t y   of  the  u l t i m a t e   m a t e r i a l  

w i l l   be  i n c r e a s e d   from  about  0.0005  ca l .   per  second  cm' °C.  t o  

about   0.001  ca l .   per  second  cm  °C. 

BRIEF  DESCRIPTION  OF  THE  INVENTION 

In  acco rdance   with  the  i n v e n t i o n ,   the  i n t e r i o r   of  a n  

e l e c t r i c a l   hous ing  f i l l e d   with  h e a t - g e n e r a t i n g   d e v i c e s ,   such  a s  

t r a n s i s t o r s ,   t r a n s f o r m e r s ,   r e s i s t o r s   and  the  l i k e ,   h a v i n g  

i r r e g u l a r   volumes  and  shapes ,   is  f i l l e d   with  an  e a s i l y   f l o w i n g  

s l u r r y   c o n s i s t i n g   of  a  mix tu re   of  more  than  50%  by  volume  a n d  

p r e f e r a b l y   more  than  70%  by  volume  of  h e a t - c o n d u c t i v e ,  

e l e c t r i c a l l y   i n s u l a t i v e   p a r t i c l e s ,   suspended  in  a  d i e l e c t r i c  

f l u i d ,   which  p r e f e r a b l y   is  a  l i q u i d   such  as  s i l i c o n e   o i l .   The 

t h e r m a l l y   c o n d u c t i v e   p a r t i c l e s   t y p i c a l l y   may  be  aluminium  o x i d e  

p a r t i c l e s   or  the  l i ke   having  a  p a r t i c l e   s ize   which  is  p r e f e r a b l y  

d i s t r i b u t e d   about  a  mean  d i ame te r   of  about  150  m i c r o n s .  

B e r y l l i a   can  a l so   be  used,   but  i t   is  more  expens ive   than  a lumium 

and  is  very  tox ic   in  powdered  f o r m .  

The  s l u r r y   is  f i r s t   mixed  at  room  t e m p e r a t u r e   by 

pour ing   the  p a r t i c l e s   in to   the  d i e l e c t r i c   f l u i d   and  a g i t a t i n g  

t h i s   m i x t u r e .   The  s l u r r y   is  then  poured  in to   a  f i l l e r   column 

which,  in  t u rn ,   is  connec ted   to  the  open  top  of  the  e l e c t r i c a l  

hous ing .   The  f i l l e r   column  and  housing  are  sea led   to  be 

a i r - t i g h t   so  tha t   the  s l u r r y   cannot  f r e e l y   escape  from  t h e  

i n t e r i o r   of  the  hous ing .   The  s l u r r y   is  then  s u b j e c t e d   t o  

vacuum  to  remove  t rapped   a i r   bubbles   t he r e f rom  and  the  s l u r r y   i s  

p e r m i t t e d   to  s e t t l e   into  the  housing  i n t e r i o r   under  the  force  o f  

g r a v i t y .   During  the  s e t t l i n g   p e r i o d ,   the  assembly  is  t i l t e d   i n  



d i f f e r e n t   d i r e c t i o n s   to  e l i m i n a t e   Rankine  slope  e f f e c t s .   O i l  

a p p e a r i n g   at  the  top  of  the  column  is  decan ted   and  r e p l a c e d   by 

a d d i t i o n a l   s l u r r y   dur ing   the  s e t t l i n g   p r o c e s s .   The  v o l u m e t r i c  

packing  d e n s i t y   a f t e r   s e t t l i n g   for  about  36  hours  w i l l   o f t e n  

exceed  80%  of  p a r t i c l e s   by  v o l u m e .  

The  s l u r r y   p a r t i c l e s   are  then  f u r t h e r   compacted  a g a i n s t  

one  ano the r   to  form  a  r e l a t i v e l y   n o n - f l o w a b l e   p a s t e .   t h i s  

f u r t h e r   compact ing  can  be  c a r r i e d   ouy  by  a  c e n t r i f u g a l  

p r o c e s s .   Thus,  the  e n t i r e   housing  is  spun  at  moderate   "g" 

force   for  about  two  hours  in  a  s u i t a b l e   f i x t u r e .   The 

i n s u l a t i o n   p a r t i c l e s ,   which  are  more  dense  than  the  s u s p e n d i n g  

l i q u i d ,   tend  to  compact  in  one  d i r e c t i o n   r e l a t i v e   to  the  h o u s i n g  

due  to  c e n t r i p i t a l   fo rce   e f f e c t s   to  form  a  p a s t e - l i k e  

c o n s i s t e n c y   in  which  s i l i c o n e   o i l   f i l l s   the  i n t e r s t i c e s   b e t w e e n  

p a r t i c l e s .   The  pas te   now  forms  an  almost   so l id   c o n t i n u o u s   body 

which  e n c a p s u l a t e s   the  components  and  ex tends   between  t h e  

components  and  to  the  i n t e r i o r   of  the  s u r r o u n d i n g   wa l l s   of  t h e  

hous ing .   It  has  been  found  tha t   the  f i n a l   h i g h l y   compac ted  

mass  has  a  thermal   c o n d u c t i v i t y   c lose   to  that   of  a  s o l i d   b l o c k  

of  the  i n s u l a t i o n   m a t e r i a l   which  is  emp loyed .  

The  f i l l e r   column  is  then  removed  and  the  p a s t e ,   w h i c h  

ex tends   above  the  top  of  the  open  housing  end,  is  s l i c e d   off  t o  

be  f l u sh   with  the  hous ing  top.  A  housing  l id   is  then  s e a l e d  

over  the  housing  top  to  complete   the  e n c l o s u r e .  

P r e f e r a b l y ,   the  hous ing  is  made  of  c o n d u c t i v e   m a t e r i a l  

to  act  as  a  heat   s ink  to  heat   conducted  from  i n t e r n a l   p o t t e d  

components  through  the  e n c a p s u l a n t .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  is  a  c r o s s - s e c t i o n   taken  through  a  h o u s i n g  

which  has  been  f i l l e d   with  t h e r m a l l y   c o n d u c t i v e   i n s u l a t i o n   i n  

acco rdance   with  the  i n v e n t i o n .  

Figure  2  is  a  c r o s s - s e c t i o n   view  of  F igure   1  t a k e n  

ac ro s s   the  s e c t i o n   l ine   2-2  in  Figure  1 .  

DETAILED  DESCRIPTION  OF  THE  DRAWINGS 

R e f e r r i n g   to  the  d rawings ,   there   is  shown  i n  

g e n e r a l i z e d   form  a  housing  10  which  may  be  of  a  good  t h e r m a l  

c o n d u c t o r ,   p r e f e r a b l y   of  a luminium,  and  which  may  have  any  



d e s i r e d   t h i c k n e s s .   Housing  10  has  a  top  l id   11  a t t a c h e d   and  

sea led   t h e r e t o   in  any  d e s i r e d   manner.  The  housing  10  c a n  

t y p i c a l l y   have  d imens ions   of  2  inches   by  4  inches   by  5  i n c h e s  

but  i t   w i l l   be  obvious  tha t   the  i n v e n t i o n   can  apply  to  any  

housing  s ize   which  c o n t a i n s   any  type  of  componen t .  

Various  h e a t - g e n e r a t i n g   e l e c t r i c a l   components  a r e  

mounted  w i t h i n   the  hous ing  and  are  s c h e m a t i c a l l y   i l l u s t r a t e d   a s  

the  h e a t - g e n e r a t i n g   components  12,  14,  16,  18,  20  and  22.  

These  components  can  be  of  any  d e s i r e d   n a t u r e .   By  way  o f  

example,   component  12  could  be  a  b r i d g e - c o n n e c t e d   r e c t i f i e d  

c i r c u i t   which  might  produce  4.8  wat ts   dur ing   i t s   o p e r a t i o n .  

Component  14  could  be  an  i n v e r t e r   t r a n s f o r m e r   which  produces  25 

wat t s   dur ing   i t s   o p e r a t i o n .   Components  16  to  22  could  be  t h e  

e lements   of  a  b r i d g e - c o n n e c t e d   r e c t i f i e r   which  produces   1 . 2  

w a t t s .   Components  16  to  22  can  be  c a r r i e d   on  a  common  c i r c u i t  

board  with  o the r   components ,   not  shown.  An  e l e c t r i c a l  

connec to r   shown  in  the  form  of  a  m u l t i - c o n d u c t o r   r ibbon  24 

c a r r i e s   s u i t a b l e   wires   from  the  i n t e r i o r   e l e c t r i c a l   components  

of  hous ing  10  to  the  e x t e r i o r   where  the  wires   can  be  c o n n e c t e d  

to  o the r   c i r c u i t s .   A  s u i t a b l e   i n s u l a t i o n   sea l   can  enc lose   and 

sea l   r ibbon   24  as  i t   passes   through  the  wall  of  housing  1 0 .  

A l t e r n a t i v e l y ,   a  m u l t i - p i n   connec to r   can  be  formed  in  the  w a l l  

of  hous ing  10  and  i n d i v i d u a l   wires   from  the  components  w i t h i n  

hous ing  10  can  be  connected   to  the  m u l t i - p i n   c o n n e c t o r .  

In  order   to  p reven t   an  e x c e s s i v e   t e m p e r a t u r e   r i s e   o f  

components  16  to  22  and  t h e i r   connec t ing   leads   or  wires   d u r i n g  

t h e i r   o p e r a t i o n   wi thou t   c o m p l i c a t i n g   the  housing  des ign   w i t h  

metal   heat   s inks ,   and  wi thou t   having  to  e n l a r g e   the  hous ing ,   t h e  

components  can  be  t h e r m a l l y   connected   to  the  e x t e r i o r   wal ls   o f  

hous ing  10  by  the  novel  heat   conduc t ive   i n s u l a t i o n   of  t h e  

i n v e n t i o n   which  e n c a p s u l a t e s   the  e l e c t r i c a l   componen t s .  

The  housing  10  is  p rovided   with  an  open  top  ( l id   11  i s  

removed)  and  the  e l e c t r i c a l   components  to  be  mounted  t h e r e i n   a r e  

f ixed   in  p l ace .   A  f i l l e r   column  (not  shown)  which  has  a  volume 

l a r g e r   than  that   of  housing  10,  is  sea led   to  the  open  top  o f  

housing  10 .  



In  acco rdance   with  the  i n v e n t i o n ,   an  i n s u l a t i o n   medium 

is  p repared   as  a  r e l a t i v e l y   n o n - v i s c o u s   s l u r r y   of  p a r t i c l e s   of  a 

m a t e r i a l   having  good  thermal   c o n d u c t i v e   p r o p e r t i e s   but  which  a r e  

e l e c t r i c a l l y   i n s u l a t i v e ,   suspended  in  an  i n s u l a t i o n   f l u i d .  

Typica l   p a r t i c l e s   may  be  of  aluminium  oxide ,   b e r y l l i u m   o x i d e ,  

boron  n i t r i d e   and  c e r t a i n   types  of  known  s i l i c o n   c a r b i d e s .   The 

p a r t i c l e   s ize   employed  for  these   p a r t i c l e s   is  not  c r i t i c a l .  

Good  r e s u l t s   have  been  o b t a i n e d   with  p a r t i c l e s   d i s t r i b u t e d   a b o u t  

a  mean  d iamete r   of  l e s s   than  about  300  microns  which  e n s u r e s  

uni form  and  homogeneous  f i l l i n g   of  the  p a r t i c l e s   w i t h i n   h o u s i n g  

10  and  in to   very  small  i r r e g u l a r   c r e v i c e s   or  the  l i k e ,   in   t h e  

i n t e r i o r   of  housing  10 .  

The  p a r t i c l e s   are  loaded  in to   a  s u i t a b l e   d i e l e c t r i c  

f l u i d   as  s i l i c o n e   o i l   at  room  t e m p e r a t u r e   and  s t i r r e d   to  e n s u r e  

thorough  mixing  and  uni form  d i s t r i b u t i o n   of  the  p a r t i c l e s   i n t o  

the  o i l .   There  should  be  s u f f i c i e n t   o i l   p r e s e n t   in  the  m i x t u r e  

to  ensure   tha t   the  s l u r r y   w i l l   flow  e a s i l y   in to   the  i n t e r i o r   o f  

housing  10.  G e n e r a l l y ,   the  p a r t i c l e s   should  occupy  more  t h a n  

one  ha l f   by  volume  of  the  s l u r r y .  

In  an  i l l u s t r a t i v e   embodiment  of  the  i n v e n t i o n ,  

aluminium  oxide  p a r t i c l e s   have  a  s ize   d i s t r i b u t e d   around  a  mean 

d i ame te r   of  about  150  microns  are  s t i r r e d   in to   a  s i l i c o n e   o i l  

c a r r i e r .   The  powder  and  o i l   are  in  a  r a t i o   of  about  70%  t o  

30%,  r e s p e c t i v e l y ,   by  volume.  The  s l u r r y   is  very  e a s i l y  

f lowable   in  t h i s   c o n d i t i o n .   Other  s t a b l e   d i e l e c t r i c   f l u i d s   c a n  

be  used  in  place  of  s i l i c o n e   o i l .  

The  s l u r r y   is  then  poured  in to   the  f i l l e r   co lumn 

connec ted   to  c o n t a i n e d   10  of  Figure  1  a n d   2,  with  the  f i l l e r  

column  and  c o n t a i n e r   under  vacuum.  The  alumina  c o n t a i n i n g  

s l u r r y   is  then  p e r m i t t e d   to  s e t t l e   in to   c o n t a i n e r   10  for  a  g i v e n  

s e t t l i n g   p e r i o d ,   for  example,   36  hours .   During  t h i s   s e t t l i n g  

p e r i o d ,   the  un i t   and  column  are  t i l t e d   to  d i f f e r e n t   o r i e n t a t i o n s  

to  e l i m i n a t e   Rankine  s lope  e f f e c t s .   During  the  s e t t l i n g  

p e r i o d ,   o i l   at  the  top  of  the  column  is  decanted   and  is  r e p l a c e d  

with  the  70%  to  30%  by  volume  s l u r r y .  

At  the  end  of  the  s e t t l i n g   p e r i o d ,   the  a l u m i n a  

p a r t i c l e s   wi l l   reach  a  packing  d e n s i t y   in  excess   of  80%  by 

volume  of  the  s l u r r y .  



The  assembly  is  then  p laced  in  a  c e n t r i f u g a l   a p p a r a t u s  

and  is  r o t a t e d   at  a  moderate   "g"  force   to  cause  the  a l u m i n i u m  

oxide  p a r t i c l e s   to  compact  f u r t h e r .   The  compacted  p a r t i c l e s  

now  form  an  a lmost   so l i d   p a s t e - l i k e   body  which  adheres   to  a l l  

exposed  s u r f a c e s   w i t h i n   hous ing  10  and  which  e n c a p s u l a t e s   a l l  

components  w i t h i n   the  h o u s i n g .  

T h e r e a f t e r ,   excess   s i l i c o n e   f l u i d   is  drawn  off  from  t h e  

top  of  the  column  and  the  column  is  removed.  The  p a s t e ,   which  

extends   above  the  top  of  c o n t a i n e r   10,  is  s l i c e d   through  at  t h e  

column  to  c o n t a i n e r   j o i n t .  

A  c o n d u c t i v e   l id   30  is  then  f a s t e n e d   to  the  top  o f  

hous ing   10.  A  c o m p r e s s i b l e   s y n t h e t i c   rubber   pad  31  is  f ixed  t o  

the  i n t e r i o r   of  l id   31  to  keep  the  pas te   under  p o s i t i v e   p r e s s u r e  

w i t h i n   housing  10 .  

Pas te   compacted  in  th i s   way  and  employing  a l u m i n i u m  

oxide  p a r t i c l e s   has  a  thermal   c o n d u c t i v i t y   of  the  order   of  0 . 0 7  

ca l .   per  second  cm  °C.  as  compared  with  a  thermal   c o n d u c t i v i t y  

of  0.084  ca l .   per  second  cm  °C,  for  the  s o l i d   m a t e r i a l .  

Af te r   f i l l i n g ,   small  c a v i t i e s   may  appear   w i t h i n   t h e  

pas te   as  a  r e s u l t   of  the rmal   movement.  These  c a v i t i e s   are  n o t  

i m p o r t a n t   to  thermal   behav ious ,   but  they  could  be  s i g n i f i c a n t   i n  

terms  of  f o r m a t i o n   of  corona  d i s c h a r g e .   However,  o i l   in  and 

around  the  a lumina  w i l l   f i l l   these   c a v i t i e s   as  they  form  t o  

p reven t   e l e c t r i c a l   breakdown  w i th in   the  c a v i t i e s .  

If  the  i n t e r i o r   of  the  volume  c o n t a i n s   l a rge   vo ids ,   a 

r e l a t i v e l y   l a rge   volume  of  powder  would  be  needed  to  f i l l   t h e  

i n t e r i o r   f ree   volume.  This  i n t e r i o r   volume  can  be  reduced  by 

f i l l i n g   with  s o l i d   f i l l e r   blocks  such  as  f i l l e r   blocks  34  and  26 

in  F igure   1.  These  b locks   can  have  any  d e s i r e d   shape  and 

reduce  the  volume  of  compacted  p a r t i c l e s   needed  to  f i l l   t h e  

housing  i n t e r i o r .   The  f i l l e r   blocks  34  and  36  may  be  of  t h e  

same  ceramic  m a t e r i a l  a s   the  p a r t i c l e s   of  the  s l u r r y   and,  in  t h e  

p r e f e r r e d   example,  are  of  aluminium  o x i d e .  

In  a  s p e c i f i c   example  of  the  i n v e n t i o n ,   the  e l e c t r i c a l  

components  12  through  22  were  capable   of  having  a  w o r k i n g  

su r f ace   t e m p e r a t u r e   of  220°C.  The  mean  f ree   path  d i s t a n c e s  

f r o m  t h e   s u r f a c e s   of  components  12  and  14  and  of  components  16,  



18,  20  and  22  c o l l e c t i v e l y   was  25mm  (1  i n c h ) ,   10mm  (0.375  i n c h )  

and  25mm  (1  inch)  r e s p e c i t v e l y ,   and  t h e i r   e f f e c t i v e   a reas   were  

13  square  cm  (2  square  i n c h e s ) ,   52  square  cm  (8  square  i n c h e s )  

and  26  square  cm  (4  square  inches )   r e s p e c t i v e l y .   The  n o v e l  

t he rma l ly   pas te   of  the  i n v e n t i o n   e n c a p s u l a t e d   and  coupled  t h e s e  

components  to  the  s u r f a c e s   of  housing  10  so  tha t   the  hous ing  10 

had  a  t e m p e r a t u r e   of  about  210°C.,  i n d i c a t i n g   a  t e m p e r a t u r e  

d i f f e r e n t i a l   a c ros s   the  t h e r m a l l y   conduc t ive   i n s u l a t i n g   m a t e r i a l  

of  only  10°C.  

In  ano the r   example,  a  m a g n e t i c / r e c t i f i e r   module  of  a  

550  watt  i n v e r t e r ,   working  at  1  watt  per  cubic  cm  (16  wat ts   p e r  
cubic  inch)  had  an  i n t e r n a l   d i s s i p a t i o n   of  the  order   of  30 

w a t t s .   The  s teady  s t a t e   t e m p e r a t u r e   d i f f e r e n c e   between  t h e  

cen t e r   of  the  module  and  the  o u t s i d e   wal ls   was  l e s s   than  f i v e  

c e n t i g r a d e   d e g r e e s .  

It  is  impor t an t   to  examine  the  v a r i a t i o n   of  t h e r m a l  

c o n d u c t i v i t y   for  the  e n c a p s u l a t i n g   m a t e r i a l   with  the  p r o p o r t i o n  
of  f i l l e r .   This  is  t a b u l a t e d   in  the  f o l l o w i n g   t a b l e   for  two 

t h e o r e t i c a l   m a t e r i a l s ,   one  a  t h e r m a l l y   conduc t ive   powder  and  one 

a  f l u i d .   The  thermal   c o n d u c t i v i t i e s   are  shown  for  t h r e e  
a l t e r n a t i v e   thermal   c o n d u c t i v i t y   r a t i o s   of  the  powder  to  f l u i d  

of  10:1,  100:1,   1 0 0 0 : 1 .  



It  is  seen  tha t   for  p r o p o r t i o n s   of  the  h igher   t h e r m a l  

c o n d u c t i v i t y   m a t e r i a l ,   up  to  about  70%  by  volume,  the re   is  no 

s i g n i f i c a n t   d i f f e r e n c e   in  the  ach ieved   thermal   c o n d u c t i v i t y ,  

i r r e s p e c t i v e   of  whether   the  c o n d u c t i v i t y   r a t i o s   are  10:1,   1 0 0 : 1  

or  1000:1.   This  r e s u l t   covers   the  range  of  p r o p o r t i o n s   which  

can  be  o b t a i n e d   with  loaded  e n c a p s u l a t i n f   r e s i n s   (due  t o  

l i m i t a t i o n s   in  pour  and  i n f i l l ) ,   and  shows  the  r e s t r i c t i o n  

imposed  by  the  r e s i n   i t s e l f .  

The  t a b l e   a l so   shows  tha t   i t   would  be  v a l u a b l e   t o  

ach ieve   vo luma t i c   f i l l   p r o p o r t i o n s   of  the  more  c o n d u c t i v e  

m a t e r i a l   of  g r e a t e r   than  about   80%,  and  s p e c i f i c a l l y   in  t h e  

range  from  90%  to  96%,  and  thereby   o b t a i n   a  s i g n i f i c a n t  

p r o p o r t i o n   of  the  a v a i l a b l e   b e n e f i t s   of  the  m a t e r i a l   with  a  

r a t i o   of  100:1.   The  t a b l e   a l so   shows  tha t   the  b e n e f i t s   of  a  

1000:1  m a t e r i a l   cannot   be  o b t a i n e d   u n t i l   a  load ing   of  v i r t u a l l y  

100%  hase  been  a c h i e v e d .  

Although  a  p r e f e r r e d   embodiment  of  t h i s   i n v e n t i o n   h a s  

been  d e s c r i b e d ,   many  v a r i a t i o n s   and  m o d i f i c a t i o n s   w i l l   now  be  

a p p a r e n t   to  those   s k i l l e d   in  the  a r t ,   and  i t   is  t h e r e f o r e  

p r e f e r r e d   tha t   the  i n s t a n t   i n v e n t i o n   be  l i m i t e d   not  be  t h e  

s p e c i f i c   d i s c l o s u r e   h e r e i n ,   but  only  by  the  appending  c l a i m s .  



1.  A  t h e r m a l l y - c o n d u c t i n g   f i l l e r   for  e n c l o s i n g   e l e c t r i c a l  

components  c o n t a i n e d   in  a  hous ing ,   c h a r a c t e r i s e d   by  a n  

e a s i l y - f l o w i n g   s l u r r y   compr i s ing   at  l e a s t   50%  by  volume  o f  

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

in  a  d i e l e c t r i c   f l u i d .  

2.  A  f i l l e r   as  c laimed  in  Claim  1  c h a r a c t e r i s e d   in  t h a t  

said  p a r t i c l e s   have  a  mean  d iamete r   of  150  m i c r o n s .  

3.  A  f i l l e r   as  c laimed  in  e i t h e r   of  Claims  1  or  2 

c h a r a c t e r i s e d   in  tha t   the  p a r t i c l e s   are  formed  from  a  c e r a m i c  

m a t e r i a l .  

4.  A  f i l l e r   as  c laimed  in  Claim  3  c h a r a c t e r i s e d   in  t h a t  

the  ceramic  m a t e r i a l   is  s e l e c t e d   from  the  group  compr i s ing   m e t a l  

ox ides ,   metal   n i t r i d e s   and  metal   c a r b i d e s .  

5.  A  f i l l e r   as  claimed  in  a n y  o n e   of  Claims  1  to  4 

c h a r a c t e r i s e d   in  tha t   the  d i e l e c t r i c   f l u i d   is  a  s i l i c o n e   o i l .  

6.  A  method  of  f i l l i n g   a  hous ing  c o n t a i n i n g   e l e c t r c a l  

components  c h a r a c t e r i s e d   by  the  s teps   of  f i l l i n g   the  i n t e r i o r   o f  

the  housing  with  a  f i l l e r   as  c laimed  in  any one  of  the  p r e c e d i n g  

c l a ims ,   and  compact ing  the  suspended  p a r t i c l e s   to  form  a  

n o n - f l o w a b l e   but  deformable   p a s t e .  

7.  A  method  as  c laimed  in  Claim  6  c h a r a c t e r i s e d   in  t h a t  

the  f i l l e r   m a t e r i a l   is  i n i t i a l l y   compacted  by  g r a v i t a t i o n a l  

s e t t l i n g .  

8.  A  method  as  c laimed  in  Claim  7  c h a r a c t e r i s e d   in  t h a t  

the  f i l l e r   is  s u b s e q u e n t l y   compacted  by  being  s u b j e c t e d   t o  

c e n t r i f u g a l   f o r c e .  

9.  A  method  as  c la imed  in  Claim  8  c h a r a c t e r i s e d   in  t h a t  

the  n o n - f l o w a b l e   pas te   comprises   at  l e a s t   80%  by  volume  of  s a i d  

p a r t i c l e s .  

10.  A  m e t h o d  a s   claimed  in  a n y  o n e   of  CLaims  6  to  9 

c h a r a c t e r i s e d   in  tha t   spaces  w i t h i n   the  housing  are  p a r t i a l l y  

f i l l e d   with  homogeneous  so l id   b locks   of  t h e r m a l l y - c o n d u c t i n g  

e l e c t r i c a l l y - i n s u l a t i n g   m a t e r i a l   p r io r   to  f i l l i n g   the  r e m a i n i n g  

space  with  said  f i l l e r .  
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