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Film-type  electrical  resistor. 

A  film-type  electrical  resistor  (10),  comprises 
a  chip  (11)  formed  of  a  substance  that  is  electri- 
cally  insulating  and  has  substantial  thermal 
conductivity,  a  resistive  film  (12)  applied  to  one 
side  of  the  chip  (11),  leads  (14,  15)  connected  to 
the  film  (12)  on  the  one  side  of  the  chip  (11),  and 
a  molded  body  (13)  substantially  fully  encap- 
sulating  the  chip  (11),  the  film  (12),  and  the 
inner  ends  (43)  of  the  leads  (14,  15).  The  molded 
body  (13)  is  formed  of  a  high  thermal-conduc- 
tivity  thermosetting  synthetic  resin,  and  the 
molded  body  (13)  has  a  bolthole  (16)  theret- 
hrough  for  clamping  of  the  resistor  (10)  to  a 
chassis  or  heatsink  (19). 
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For  many  years,  the  assignee  of  the  present  pa- 
tent  application  has  made  and  sold  large  numbers  of 
flat  film-type  power  resistors  that  are  fully  encapsu- 
lated  in  a  silicone  molding  compound.  These  resistors 
are  free-standing  ,  not  being  mounted  in  engagement 
with  any  chassis  or  heatsink.  Thus,  with  such  resis- 
tors,  there  is  no  danger  of  shorting  through  or  arcing 
to  the  chassis.  The  indicated  free-standing  power  re- 
sistors  that  have  long  been  sold  by  applicant's  assign- 
ee  have  power  ratings  of  either  0.5  watt  or  0.75  watt. 

A  power  resistor  in  accordance  with  the  present 
invention  has  a  power  rating  of  1  5  watts,  yet  the  phys- 
ical  size  of  the  resistor  i.e.  the  surface  area  of  one  of 
the  two  parallel  sides  of  the  resistor  is  only  a  little  over 
three  times  that  of  the  conventional  0.75  watt  free- 
standing  resistor. 

According  to  a  first  aspect  of  this  invention  a  film- 
type  electrical  resistor  comprises  a  film-type  electrical 
resistor,  comprising: 

(a)  a  chip  formed  of  a  substance  that  is  electrical- 
ly  insulating  and  has  substantial  thermal  conduc- 
tivity, 
(b)  a  resistive  film  applied  to  one  side  of  said  chip, 
(c)  leads  connected  to  said  film  on  said  one  side 
of  said  chip,  and 
(d)  a  molded  body  substantially  fully  encapsulat- 
ing  said  chip,  said  film,  and  the  inner  ends  of  said 
leads,  said  molded  body  being  formed  of  a  high 
thermal-conductivity  thermosetting  synthetic 
resin,  said  molded  body  having  a  bolthole  there- 
through  for  clamping  of  said  resistor  to  a  chassis 
or  heatsink. 
It  has  now  been  appreciated  that  a  relatively  high- 

power  ,  yet  physically  small,  flat  film-type  resistor  in 
accordance  with  this  invention  may  be  bolted  in  close 
heat-transfer  relationship  to  a  chassis,  without  dan- 
ger  of  shorting  through  or  arcing  to  such  chassis.  This 
is  accomplished  without  use  of  any  heatsink  in  the  re- 
sistor,  and  without  any  electrical  insulators  other  than 
the  chip  that  forms  the  substrate  for  the  resistive  film, 
and  other  than  high  thermal  conductivity  synthetic 
resin  in  which  the  chip  and  film  are  molded,  provided 
that  these  are  arranged  as  described. 

The  resistor  is  bolted  closely  to  the  chassis  by  us- 
ing  a  bolthole  provided  in  an  elongate  synthetic  resin 
body.  It  is  a  major  feature  of  the  invention  that  the 
combination  thus  resulting  is  one  where  the  resistive 
film  is  remote  from  the  chassis.  Thus,  the  orientation 
is  such  that  the  substrate  is  between  the  film  and 
chassis,  thereby  serving  as  an  electrical  insulator  in 
addition  to  performing  its  substrate  function.  In  the 
vast  majority  of  cases  there  is  also  substantial  syn- 
thetic  resin  between  the  resistive  film  and  the  chas- 
sis;  however,  should  a  molding  malfunction  result  in 
a  resistor  where  there  is  only  very  little  resin  below 
the  chip,  there  is  still  adequate  dielectric  strength  be- 
tween  film  and  chassis. 

The  relationships  are  such  that  the  substrate  not 

only  electrically  insulates  the  resistive  film  from  the 
chassis,  while  effecting  major  heat  transfer  from  film 
to  chassis,  but  the  leads  are  likewise  spaced  from  the 
chassis  so  as  not  to  create  any  arcing  or  shorting 

5  problem. 
It  is  not  required,  and  not  desired,  that  any  elec- 

trical  insulator  other  than  the  chip  and  the  synthetic 
resin  be  between  the  resistive  film  and  the  chassis. 

The  present  power  resistor  combination  is  low  in 
w  cost,  and  is  well  suited  to  numerous  high-volume  ap- 

plications.  Another  of  its  advantages  is  that  the  high 
thermal-conductivity  synthetic  resin  is  quite  forgiving 
relative  to  burrs  on  the  chassis.  Thus,  the  bolt  that 
holds  the  resistor  to  the  chassis  may  be  tightened 

15  very  significantly  without  danger  that  the  substrate 
will  break. 

A  particular  example  of  a  resistor  and  its  use  will 
now  be  described  with  reference  to  the  accompany- 
ing  drawings,  in  which:- 

20  Figure  1  is  a  greatly  enlarged  longitudinal  central 
sectional  view  illustrating  the  combination  of 
chip,  resistive  film,  high  thermal-conductivity 
synthetic  resin,  30  chassis  and  mounting  bolt; 
Figure  2  is  an  isometric  view  illustrating  the  exter- 

25  iorof  the  resistor; 
Figure  3  corresponds  to  Figure  2  but  illustrates  in- 
terior  components  of  the  resistor,  the  resistive 
film  not  being  shown; 
Figure  4  is  a  plan  view  of  Figure  2; 

30  Figure  5  is  a  plan  view  of  the  substrate  having  ter- 
mination  traces  and  pads  thereon; 
Figure  6  is  a  view  corresponding  to  Figure  5  and 
also  showing  the  resistive  film;  and 
Figure  7  is  a  view  corresponding  to  Figures  5  and 

35  6  and  also  showing  the  overglaze  and  the  termi- 
nals. 
Referring  first  to  Figure  1  ,  the  resistor  is  indicated 

at  10  and  comprises  a  substrate  11  (which  may  be 
called  a  "chip")  on  the  upper  side  of  which  (Figure  1) 

40  is  provided  a  resistive  film  12.  Chip  11  is  an  effective 
electrical  insulator  but  is  a  rather  good  thermal  con- 
ductor  (for  a  nonmetal).  Chip  11  further  performs  the 
function  of  a  spacer,  because  it  assures  that  regard- 
less  of  the  location  of  elements  11,12  in  surrounding 

45  synthetic  resin  (the  resistor  body)  13,  film  12  will  al- 
ways  be  spaced  from  the  underlying  chassis  by  an 
amount  at  least  equal  to  the  thickness  of  the  chip  11. 
Not  only  is  the  film  thus  spaced  from  the  chassis,  but 
so  are  the  leads  14,  15  that  are  fixedly  connected  to 

50  the  upper  surface  of  chip  11  and  thus  can  never  be 
any  closer  to  the  chassis  than  is  the  resistive  film. 

The  synthetic  resin  13  that  forms  the  elongate 
body  of  the  resistor  is  a  high  thermal-conductivity  but 
electrically  insulating  thermosetting  resin,  being  pre- 

55  ferably  a  high  thermal-conductivity  epoxy  resin.  Por- 
tions  of  the  body  (synthetic  resin)  13  extend  substan- 
tial  distances  away  from  the  chip  (substrate/insulator- 
/spacer),  especially  at  the  body  end  remote  from 
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leads  14,  15.  Body  13  is  molded  with  a  bolt  hole  16 
provided  in  such  body  end.  The  axis  of  the  bolthole 
lies  in  a  plane  perpendicular  to  that  of  chip  11.  A  bolt 
17  extends  through  hole  16  and  through  a  corre- 
sponding  hole  18  in  the  chassis,  the  latter  being  indi-  5 
cated  by  the  reference  numeral  19. 

A  belleville  spring  21  is  provided  around  the 
shank  of  bolt  17  on  the  upper  surface  of  body  13,  so 
as  to  apply  firm  compression  forcing  the  resistor 
against  the  flat  upper  surface  of  chassis  19  when  the  w 
hexhead  22  of  the  bolt  is  cranked  down  so  as  to  tight- 
en  the  bolt  in  its  associated  nut  23.  The  spring  21  per- 
mits  a  desired  amount  of  expansion  of  the  synthetic 
resin  forming  body  13  when  the  body  heats  to  a  rela- 
tively  high  temperature.  15 

Because  body  13  is  not  electrically  conductive, 
there  is  no  need  to  have  any  insulating  elements  as- 
sociated  with  any  part  of  bolt  17.  Thus,  there  need  be 
no  insulating  washers,  bushings,  etc. 

As  shown  in  Figures  2  to  4,  and  as  previously  in-  20 
dicated,  the  resistor  1  0  employed  in  the  best  mode  of 
the  present  invention  is  generally  rectangular  and 
elongate,  having  flat  parallel  upper  and  lower  surfac- 
es  25  and  26  (Figures  1  and  2)  of  body  13.  As  above 
indicated,  the  flat  lower  surface  26  is  pressed  into  25 
flatwise  engagement  with  the  flat  upper  surface  27  of 
chassis  19,  by  the  bolt  assembly. 

The  outer  end  surface,  inner  end  surface,  and 
side  surfaces  of  the  synthetic  resin  body  13  are  not 
precisely  perpendicular  to  upper  and  lower  surfaces  30 
25,  26.  Instead,  they  incline  outwardly  toward  the 
mold  parting  line  shown  at  28.  Similarly,  as  indicated 
in  Figure  1,  the  wall  of  bolthole  16  is  a  double  frusto- 
cone,  with  the  narrow  ends  of  the  frustoconical  sur- 
faces  meeting  at  the  parting  line.  35 

Referring  to  Figures  2  and  3,  recesses  29  are 
formed  in  upper  regions  of  synthetic  resin  body  13, 
along  a  transverse  line  that  passes  through  hole  16, 
such  recesses  being  unnecessary  in  the  present  re- 
sistor  but  being  present  because  (for  economy  of  pro-  40 
duction)  the  same  mold  cavities  are  preferably  em- 
ployed  for  types  of  resistors  different  from  that  shown 
and  described  herein. 

The  chip  11  of  the  best  mode  is  also  rectangular 
but  is  much  closer  to  a  square  than  is  the  body  13.  As  45 
best  shown  in  Figure  4,  the  chip  is  sufficiently  small 
that  it  does  not  extend  to  a  point  near  bolthole  16;  fur- 
thermore,  the  side  edges  and  the  inner-end  edge  of 
chip  11  are  spaced  inwardly  from  the  side  and  inner- 
end  surfaces  of  body  1  3.  50 

The  flat  upper  surface  of  chip  11,  bearing  the  re- 
sistive  film,  lies  in  substantially  the  same  horizontal 
plane  as  parting  line  28.  Thus,  the  flat  bottom  surface 
31  of  the  chip  11,  and  which  is  parallel  to  the  upper 
surface  thereof,  is  spaced  from  lower  surface  26  of  55 
body  1  3  by  a  distance  equal  to  the  spacing  of  the  part- 
ing  line  28  from  such  lower  surface  26  less  the  thick- 
ness  of  the  chip  11.  The  chip  thickness  is  such  that 

in  normal  desired  production  runs  of  the  resistor  10 
there  is  a  substantial  amount  of  the  high  thermal-con- 
ductivity  synthetic  resin  between  chip  and  body  sur- 
faces  31  and  26  (Figure  1).  Thus,  the  chip  11  and  re- 
sistive  film  12  thereon  are  fully  encapsulated  by  the 
synthetic  resin  13.  However,  even  in  an  extreme  sit- 
uation  where  the  chip  11  bends  downwardly  in  the 
mold  so  that  its  outer-lower  corner  touches  the  bot- 
tom  of  the  mold,  the  chip  itself  would  space  the  resis- 
tive  film  12  from  chassis  19. 

In  the  mold  cavity,  the  chip  11  with  film  12  there- 
on  is  cantilevered  from  the  inner  ends  of  leads  or  pins 
14,  1  5.  Such  innerends  are  bonded  to  pads  on  the  up- 
per  surface  of  chip  11  as  described  subsequently,  so 
that  the  chip  is  cantilevered  out  into  the  empty  mold 
cavity  prior  to  introduction  of  the  synthetic  resin. 
Leads  or  pins  14,15  are  flat  metal  elements  the  lower 
surfaces  of  which  lie  on  the  bottom  mold  element  that 
defines  the  mold  cavity,  and  thus  hold  the  chip  11  in 
a  predetermined  position  in  such  cavity  with  the  re- 
sistive  film  at  the  plane  of  the  parting  line  28  (be- 
tween  the  upper  and  lower  mold  elements)  as  above 
indicated. 

However,  when  relatively  viscous  synthetic  resin 
is  introduced  into  the  mold  cavity  during  a  transfer- 
molding  operation,  this  has  a  tendency  to  move  the 
chip  11.  As  above  indicated,  even  an  extreme  down- 
ward  movement  of  the  chip  caused  by  this  action 
would  not  create  a  shorting  condition  because  there 
is  always  the  thickness  of  the  chip  11  between  resis- 
tive  film  12  and  chassis  19. 

It  is  emphasized  that  the  leads  14,  15  must  also 
be  spaced  from  chassis  19  by  a  distance  sufficient  to 
achieve  a  required  dielectric  strength  (dielectric-with- 
standing  voltage).  Also,  it  is  emphasized  that  the  low- 
er  surfaces  of  the  leads  14,  15  are  electrically  con- 
nected  to  the  resistive  film  12  (as  described  below), 
which  means  that  the  upper  surfaces  of  the  leads 
14,15  have  nothing  but  a  relatively  thin  layer  of  syn- 
thetic  resin  above  them. 

In  the  illustrated  best  mode,  the  vertical  (as 
viewed  in  Fig.  1)  distance  between  leads  14,15  and 
upper  body  surface  25  is  substantially  less  than  the 
vertical  distance  between  leads  14,  15  and  body  sur- 
face  26  (the  lower  surface).  In  addition,  the  vertical 
distance  from  resistive  film  12  to  upper  surface  25  is 
less  than  the  vertical  distance  between  film  12  and 
lower  surface  26. 

Despite  the  relatively  short  distance  from  film  12 
to  upper  surface  25,  which  provides  a  relatively  short 
path  for  thermal  conduction  of  heat  from  film  12,  it  is 
not  desired  that  the  resistor  10  be  turned  over  so  that 
surface  25  (instead  of  surface  26)  is  pressed  against 
chassis  19. 

Applicant  employs  the  relatively  high  thermal 
conductivity  of  the  chip  11,  in  combination  with  the 
high  thermal  conductivity  of  the  synthetic  resin  dis- 
posed  between  chip  11  and  the  chassis  19,  to  create 
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effective  heat  transfer  from  film  to  chassis  while  en- 
suring  that  under  all  conditions  there  is  adequate 
spacing  between  the  leads  and  the  chassis  and  be- 
tween  the  resistive  film  and  the  chassis. 

The  relatively  high  thermal-conductivity  chip  co-  5 
operates  with  the  relatively  high  thermal-conductivity 
synthetic  resin  to  effectively  transfer  heat  from  film  12 
through  both  the  chip  and  the  resin  to  the  chassis, 
where  the  heat  is  effectively  dissipated.  The  result  is 
relatively  high  power  ratings  for  an  economically-pro-  w 
duced  resistor,  yet  with  effective  built-in  safeguards 
preventing  shorting  or  arcing  between  film  (and 
leads)  and  chassis. 

To  cause  customers  to  place  the  surface  26  (not 
surface  25)  in  flatwise  engagement  with  chassis  19,  15 
the  surface  25  is  provided  with  suitable  indicia  while 
the  surface  26  is  preferably  not  so  provided.  The  in- 
dicia  are  preferably  ink  or  paint,  for  example  a  trade- 
mark,  but  the  indicia  may  also  comprise  spaced  small 
protuberances  (for  example,  of  different  heights)  on  20 
surface  25. 

The  preferred  chip  is  formed  of  ceramic,  prefer- 
ably  aluminum  oxide.  Other  less-preferred  ceramics 
include  beryllium  oxide  and  aluminum  nitride.  The 
preferred  high  thermal-conductivity  synthetic  resin  is  25 
ARATRONIC  2125  epoxy,  available  from  CIBA- 
GEIGY  Corporation,  Electronic  Materials,  Los  An- 
geles,  California. 

The  preferred  thickness  of  the  ceramic  chip  is 
aboutthree-hundredthsofan  inch,  for  example  0.034  30 
inch  (0.9  mm).  The  preferred  spacing  from  the  bottom 
31  of  the  chip  to  the  bottom  26  of  body  1  3  is  also  about 
three-hundredths  of  an  inch,  for  example  0.036  inch 
(0.9  mm).  This  latter  dimension,  however,  varies  as  in- 
dicated  above  due  to  movement  of  the  chip  in  the  35 
mold  cavity  as  the  viscous  epoxy  enters  the  mold  cav- 
ity  during  transfer  molding.  The  preferred  distance 
from  the  resistive  film  12  to  upper  surface  25  of  body 
13  is  about  five  or  six-hundredths  of  an  inch,  for  ex- 
ample  0.055  inch  (1  .44  mm).  The  preferred  thickness  40 
of  the  leads  14,  15  (vertical  dimension  in  Figure  1)  is 
about  two  or  three-hundredths  of  an  inch,  for  example 
0.025  inch  (0.6  mm). 

Chip  11  is,  in  the  best  mode  stated  in  the  preced- 
ing  paragraph,  about  one-third  inch  (8.4  mm)  wide  45 
and  a  small  amount  longer.  Thus,  for  example,  the 
width  (dimension  in  a  direction  perpendicular  to  leads 
14,  15)  is  0.330  inch  (8.4  mm).  The  length  of  the  chip, 
in  a  direction  longitudinally  of  the  leads,  is  0.365  inch 
(9.1  mm).  The  width  of  body  13  is  about  forty-nun-  50 
dredths  of  an  inch,  for  example  0.410  inch  (10  mm). 
The  length  of  such  body  is  about  sixty-hundredths  of 
an  inch,  for  example  0.640  inch  (16  mm).  The  bolthole 
16  has  a  diameter  of  0.125  inch  (3.2  mm)  approxi- 
mately.  55 

The  inner  edge  of  ceramic  chip  11  is,  in  the  best 
mode,  spaced  about  0.060  inch  (1  .5  mm)  from  the  in- 
ner  edge  of  synthetic  resin  body  13.  The  chip  edge  re- 

mote  from  the  leads  is  spaced  0.425  inch  (10.6  mm) 
from  the  inner  edge  of  the  synthetic  resin  body.  On 
the  other  hand,  the  center  of  the  bolthole  is  spaced 
0.125  inch  (3.2  mm)  from  the  outer  edge  of  the  body. 
The  minimum  distance  between  the  bolthole  (at  its  re- 
gion  closest  to  the  leads)  and  the  outer  edge  of  the 
chip  is  approximately  0.027  inch  (0.7  mm).  This  latter 
distance  is  somewhat  less  than  the  thickness  of  the 
ceramic  chip. 

Referring  to  Figures  5  to  7,  during  manufacture  of 
the  resistor  10  there  are  screen-printed  onto  the  up- 
per  side  of  chip  11  two  metallization  traces  36.  Each 
of  these  comprises  a  termination  strip  37  that  con- 
nects  to  a  pad  38.  As  shown,  each  strip-pad  combin- 
ation  is  generally  L-shaped,  with  the  pads  extending 
towards  each  other  and  being  separated  from  each 
other  by  a  substantial  gap  39.  The  outer  edges  of  the 
strip-pad  combinations  are  parallel  to  and  spaced 
short  distances  inwardly  from  the  extreme  edges  of 
chip  11  ,  as  shown.  The  metallizations  are  applied  and 
fixed  before  application  of  films  as  described  below. 

Referring  particularly  to  Figure  6,  the  resistive 
film  12  is  screen-printed  onto  the  same  side  of  chip 
11  ,  with  the  side  edge  portions  of  the  film  12  overlap- 
ping  and  in  contact  with  inneredge  portions  of  termin- 
ation  strips  17.  The  deposited  resistive  film  12  is,  in 
the  example,  substantially  square.  The  edges  of  film 
1  2  nearest  pads  38  are  spaced  therefrom  at  gaps  41  . 
The  edge  of  film  12  remote  from  gaps  41  is  spaced  in- 
wardly  from  the  corresponding  edge  of  chip  11,  the 
spacing  being  somewhat  more  than  the  spacing  of 
the  ends  of  termination  strips  37  from  such  edge. 

As  shown  in  Figure  7,  a  coating  42  is  provided 
over  resistive  film  12,  being  preferably  a  layerof  fused 
glass  (overglaze).  Along  the  edge  of  resistive  film  12 
adjacent  gaps  41,  the  overglaze  42  extends  beyond 
the  resistive  film,  occupying  an  elongate  area  at  the 
edges  of  gaps  19  and  41.  The  overglaze  is  also  ap- 
plied  to  the  chip  11  along  the  edge  remote  from  gaps 
1  9  and  41  ,  as  shown  at  the  right  in  Figure  7. 

The  termination  strip-pad  combinations  are,  for 
example,  a  palladium-silver  metallization  deposited 
by  screen-printing  and  then  fired.  Thereafter,  the  re- 
sistive  film  12  is  applied  by  screen-printing,  this  film 
being  a  thick  film  composed  of  complex  metal  oxides 
in  a  glass  matrix.  After  deposition  of  the  resistive  film, 
it  is  fired  at  a  temperature  in  excess  of  800  degrees 
C.  The  overglaze  42  is  a  relatively  low-melting-point 
glass  frit  that  is  screen-printed  onto  the  described 
areas  after  firing  of  the  resistive  film,  following  which 
the  overglaze  is  fired  at  a  temperature  of  about  500 
degrees  C.  The  distinct  difference  in  firing  tempera- 
tures  between  the  film  12  and  the  overglaze  42 
means  that  the  overglaze  will  not  adversely  affect  the 
film.  The  overglaze  42  prevents  the  high  thermal- 
conductivity  molded  body  1  3  from  adversely  affecting 
the  film  12. 

The  pads  38  are  screen-printed  with  solder,  fol- 
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lowing  which  the  inner  ends  43  of  leads  14,  15  are  lo- 
cated  and  clamped  thereon.  Then,  the  combination  is 
baked  in  order  to  melt  the  solder  and  complete  the 
soldering  operation,  thus  securing  the  leads  effec- 
tively  to  the  pads  and  thus  to  the  chip.  The  solder  em-  5 
ployed  is  preferably  96.5%  tin  and  3.5%  silver. 

The  leads  14,  15  are  connected  into  an  electrical 
circuit  and  the  resistor  is  trimmed  to  the  desired  de- 
gree  of  resistivity.  This  is  preferably  done  by  laser- 
scribing  a  line  50  as  shown  in  Figure  7,  the  size  of  the  w 
line  being  adjusted  in  order  to  achieve  the  desired  re- 
sistance  value. 

After  chip  11  and  the  associated  films  and  leads 
are  manufactured  and  connected  as  described,  the 
high  thermal-conductivity  synthetic  resin  (the  prefer-  15 
red  type  of  which  is  stated  above)  is  provided  in  pow- 
der  form,  heated,  and  then  introduced  into  the  mold 
cavity  in  viscous  condition  by  transfer  molding. 

The  words  "high  thermal-conductivity  synthetic 
resin"  denote  a  thermosetting  synthetic  resin  which  20 
is  an  electrical  insulator  and  has  a  thermal  conductiv- 
ity  of  at  least  about  0.9,  and  preferably  at  least  2.5, 
W/m  K  (watts  per  meter  per  degree  Kelvin). 

(26)  generally  parallel  to  said  chip  (11  )  and  on  the 
side  of  said  chip  (11)  that  is  relatively  remote  from 
said  film  (12),  said  flat  surface  (26)  of  said  body 
being  disposed  in  flatwise  engagement  with  said 
flat  chassis  or  heatsink  region  (1  9),  whereby  heat 
from  said  film  (12)  passes  through  said  chip  (11) 
and  through  part  of  said  body  (13)  in  order  to 
reach  said  flat  surface  (26)  and  thus  said  chassis 
or  heatsink,  said  bolt  (17)  maintaining  said  flat 
surface  (26)  in  high-thermal-conductivity  en- 
gagement  with  said  flat  chassis  region  (27). 

5.  A  film-type  power  resistor,  which  comprises: 
(a)  an  elongate  thin  rectangular  body  formed 
of  molded  high  thermal  conductivity  synthetic 
resin,  said  body  having  flat  upper  and  lower 
surfaces  that  are  substantially  parallel  to 
each  other,  said  body  having  a  bolthole  there- 
through  at  a  location  relatively  near  one  end 
of  said  body  and  extending  in  a  direction  per- 
pendicular  to  said  surfaces, 
(b)  a  flat  ceramic  chip  embedded  in  said  mold- 
ed  body  and  substantially  parallel  to  said  up- 
per  and  lower  surfaces,  said  chip  being  be- 
tween  said  bolthole  and  the  other  end  of  said 
body,  said  chip  being  spaced  below  said  up- 
per  surface  and  spaced  above  said  lower  sur- 
face, 
(c)  termination  traces  and  pads  adhered  to 
the  upper  surface  of  said  ceramic  chip,  said 
pads  being  relatively  adjacent  said  other  end 
of  said  body, 
(d)  a  resistive  film  adhered  to  said  upper  sur- 
face  of  said  ceramic  chip  and  also  adhered  to 
said  termination  traces,  and 
(e)  leads  having  inner  portions  overlapping 
said  chip  and  adhered  to  said  pad,  outer  por- 
tions  of  said  leads  projecting  out  of  said  body 
in  parallel  relationship  to  each  other. 

6.  The  invention  as  claimed  in  claim  5,  in  which  said 
resin  is  high  thermal-conductivity  epoxy  and  said 
ceramic  chip  is  aluminum  oxide  ceramic,  said 
epoxy  having  a  thermal  conductivity  of  about  2.5 
W/mK. 

7.  The  invention  as  claimed  in  claim  5  or  6,  in  which 
said  resistive  film  is  a  thick  film. 

8.  The  invention  as  claimed  in  claim  5,  6  or  7,  in 
which  the  upper  surface  of  said  chip  is  spaced 
farther  from  said  lower  surface  of  said  body  than 
from  said  upper  surface  of  said  body. 

9.  The  invention  as  claimed  in  claim  5,  6,  7  or  8,  in 
which  said  resin  is  high  thermal-conductivity 
epoxy  and  said  ceramic  chip  is  aluminum  oxide 
ceramic. 

25 
Claims 

1.  A  film-type  electrical  resistor  (10),  comprising: 
(a)  a  chip  (11)  formed  of  a  substance  that  is 
electrically  insulating  and  has  substantial  30 
thermal  conductivity, 
(b)  a  resistive  film  (12)  applied  to  one  side  of 
said  chip  (11), 
(c)  leads  (14,  15)  connected  to  said  film  (12) 
on  said  one  side  of  said  chip  (11),  and  35 
(d)  a  molded  body  (13)  substantially  fully  en- 
capsulating  said  chip  (11),  said  film  (12),  and 
the  inner  ends  (43)  of  said  leads  (14,  15),  said 
molded  body  (13)  being  formed  of  a  high  ther- 
mal-conductivity  thermosetting  synthetic  res-  40 
in,  said  molded  body  (13)  having  a  bolthole 
(16)  therethrough  for  clamping  of  said  resistor 
(10)  to  a  chassis  or  heatsink  (19). 

2.  A  resistor  claim  1,  in  which  said  resin  is  high  ther- 
mal-conductivity  epoxy. 

45 

3.  A  resistor  according  to  claim  1  ,  in  which  said  chip 
substance  is  a  ceramic  such  as  aluminum  oxide 
or  aluminum  oxide  ceramic.  50 

4.  Use  of  a  resistor  in  accordance  with  any  one  of 
the  preceding  claims  as  a  power  resistor  in  com- 
bination  with  a  flat  chassis  or  heatsink  region  (27, 
19)  having  a  bolthole  (18)  therethrough;  and  a  55 
bolt  (17)  extended  through  said  boltholes(16,  18) 
in  said  body  (13)  and  said  chassis  or  heatsink 
(19),  said  molded  body  (13)  having  a  flat  surface 
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10.  The  invention  as  claimed  in  claim  5,  6,  7,  8  or  9, 
in  which  a  flat  metal  chassis  region  is  provided 
and  has  a  bolthole  therethrough,  in  which  said 
lower  surface  of  said  body  is  mounted  in  flatwise 
engagement  with  said  chassis  region,  and  in  5 
which  a  bolt  is  extended  through  both  of  said  bolt- 
holes  to  maintain  said  lower  surface  of  said  body 
in  high  heat-transfer  relationship  to  said  chassis 
region,  whereby  heat  from  said  film  passes 
through  said  chip  and  the  body  portion  therebe-  w 
neath  to  said  lower  body  surface  and  thus  to  said 
chassis  region. 
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