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Film-type  resistor  and  method  of  making  it. 

©  A  film-type  resistor  comprises  a  cylindrical  sub- 
strate  (10),  a  film  of  resistive  material  (11)  on  the 
surface  of  the  substrate  and  an  insulating  and  envi- 
ronmentally  protective  coating  (19)  over  the  resistive 
film.  End  caps  (20)  are  applied  after  the  protective 
coating  (19)  to  establish  electrical  contact  with  the 
resistive  film  (11).  Preferably  the  environmentally 
protective  coating  (19)  is  applied  by  screen  printing 
and  a  highly  conductive  film  (17)  is  applied  to  estab- 
lish  electrical  contact  between  the  resistive  film  (11) 
and  the  end  caps  (20). 
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FILM-TYPE  RESISTOR,  AND  METHOD  OF  MAKING  IT 

terial.  It  follows  that  final  steps  in  the  conventional 
process  for  manufacturing  the  cylindrical  resistors 
include  tedious  hand  dressing,  cleaning  and 
straightening  operations  performed  on  the  lead 

5  wires.  It  is  to  be  understood  that,  for  cosmetic  and 
other  reasons  important  to  customers,  the  leads  of 
the  resistors  should  be  straight,  clean,  and  coaxial 
with  the  end  caps. 

The  above  descriptive  material  relates  primarily 
w  to  process  difficulties,  and  attendant  increased 

costs,  with  regard  to  conventional  cylindrical  film- 
type  resistors.  There  is,  however,  another  problem 
that  is  not  fully  process  related  but  also  relates  to  a 
characteristic  of  the  finished  resistor.  This  problem 

15  is  present  when  the  resistor  is  potted  with  other 
components  in  an  electronic  package,  as  often 
occurs.  When  the  end  caps  are  pre-covered  with 
environmentally  protective  coatings,  there  are  two 
interfaces  in  the  potted  electronic  package.  One 

20  interface  is  between  each  end  cap  and  its  coating. 
The  other  interface  is  between  such  coating  and 
the  potting  material.  Especially  since  the  coating 
and  potting  materials  have  different  dielectric  con- 
stants,  the  presence  of  two  interfaces  is  a  dis- 

25  advantage  in  circuit  applications. 
According  to  a  first  aspect  of  this  invention  a 

film-type  resistor  comprising: 
(a)  a  cylindrical  substrate; 
(b)  a  film  of  resistive  material  provided  ar- 

30  ound  at  least  portions  of  the  exterior  surface  of  the 
substrate  and  conforming  to  the  surface  of  the 
substrate; 

(c)  a  coating  of  environmentally  protective 
insulating  material  provided  over  the  resistive  film 

35  to  insulate  and  environmentally  protect  it;  and, 
(d)  electrically  conductive  end  caps  provided 

on  opposite  ends  of  the  substrate  and  being  elec- 
trically  connected  to  the  resistive  film, 
is  characterised  in  that  the  coating  does  not  extend 

40  over  the  end  caps. 
According  to  a  second  aspect  of  this  invention 

a  method  of  manufacturing  a  film  type  cylindrical 
resistor,  the  method  comprising: 

(a)  providing  a  cylindrical  substrate; 
45  (b)  providing  a  film  of  resistive  material  on 

the  outside  of  the  substrate; 
(c)  providing  over  the  resistive  material  film 

at  least  one  layer  of  environmentally  protective 
insulating  material;  and, 

so  (d)  providing  electrically  conductive  end 
caps  over  opposite  ends  of  the  substrate  and  caus- 
ing  the  end  caps  to  be  electrically  coupled  to  the 
resistive  film  material, 
is  characterised  in  that  the  end  caps  are  provided 
after  the  environmentally  protective  insulating  ma- 

IN  U.S.  patent  No.  3,858,147,  there  is  shown 
and  described  a  non-inductive  film-type  cylindrical 
resistor  in  which  the  resistive  film  material  is  ap- 
plied  by  silk-screen  printing  (hereinafter  called 
"screen  printing").  This  is  done  very  efficiently  and 
economically,  as  by  using  the  screen-printing  ap- 
paratus  of  U.S.  Patent  3,880,609. 

The  efficiency  and  economy  that  characterize 
application  of  the  resistive  film  material  have  not, 
during  manufacture  of  large  numbers  of  such  cylin- 
drical  resistors  over  a  period  of  many  years,  been 
mirrored  in  certain  other  major  aspects  of  the  man- 
ufacturing  operation.  These  major  aspects  include 
application  of  the  environmentally  protective  dielec- 
tric  coating  such  as  is  shown  in  patent  3,858,417  at 
reference  number  28;  they  further  include  the  final 
straightening,  cleaning,  and  dressing  of  the  leads 
that  extend  axially  from  the  end  caps. 

It  is  conventional,  in  the  manufacture  of  cylin- 
drical  film-type  resistors,  to  complete  all  aspects  of 
the  manufacturing  operation  except  application 
(and  curing)  of  the  environmentally  protective  coat- 
ing,  and  then  to  apply  such  coating  over  the  entire 
resistor,  including  its  end  caps.  There  is  thus  en- 
capsulation  of  the  entire  resistor.  Only  the  leads 
project. 

The  coating  material  employed  for  the  above- 
indicated  encapsulation  is  necessarily  at  low  vis- 
cosity.  Therefore,  as  soon  as  the  coating  material 
is  applied,  by  dipping,  the  resistor  is  put  on  a 
fixture  that  rotates  the  resistor  about  its  longitudinal 
axis.  Rotation  is  continued  until  the  coating  material 
dries.  As  the  result  of  the  rotation,  the  coating 
material  does  not  sag,  and  it  is  relatively  uniform  in 
thickness.  Curing  of  the  encapsulating  coating  is 
then  effected,  at  high  temperature. 

A  single  coating  of  environmentally  protective 
material,  that  has  been  applied  in  the  ab.ove-stated 
manner,  is  generally  not  adequate.  Accordingly, 
one  or  more  additional  coatings  are  applied.  Each 
dipping  operation  is  followed  by  rotation  in  the 
fixture,  and  this  is  followed  by  a  high-temperature 
cure. 

The  lead  wires  that  project  axially  from  the  end 
caps  are  affected  so  substantially,  by  the  repeated 
high-temperature  cures,  that  it  is  conventional  to 
gold  plate  them.  The  gold  plating  eliminates  or 
reduces  the  harm  done  to  the  lead  wires  by  the 
repeated  cures.  However,  gold  plating  is  an  expen- 
sive  step  vis-a-vis  material  especially. 

The  lead  wires  are  repeatedly  handled  during 
the  various  process  steps  indicated  above,  and 
which  have  been  employed  for  years.  Typically, 
therefore,  leads  become  bent.  They  also  become 
partially  covered  by  environmentally  protective  ma- 
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press  fit  over  the  cylindrical  substrate  sufficiently 
far  that  the  inner  surfaces  thereof  engage  not  only 
the  termination  film  material  but  also  the  envi- 
ronmentally  protective  coating. 

5  A  particular  example  of  a  resistor  and  a  meth- 
od  of  making  it  in  accordance  with  this  invention 
will  now  be  described  with  reference  to  the  accom- 
panying  drawings;  in  which:- 

Figure  1  is  an  isometric  view  of  a  finished 
w  resistor; 

Figure  2  is  an  isometric  view  of  a  cylindrical 
substrate; 

Figure  3  is  an  isometric  view  showing  the 
non-inductive  serpentine  screen-printed  resistive 

75  film  on  the  cylindrical  substrate,  and  termination 
films  at  the  ends  of  the  resistive  film; 

Figure  4  is  an  isometric  view  after  a  screen- 
printed  environmentally  protective  coating  has  been 
applied  over  the  resistive  film  but  not  over  the 

20  termination  films; 
Figure  5  is  a  greatly  enlarged  transverse 

section  taken  on  the  line  5-5  shown  in  Figure  1; 
and, 

Figure  6  is  a  greatly  enlarged  fragmentary 
25  longitudinal  section  taken  on  the  line  6-6  shown  in 

Figure  1. 

The  thickness  (and  diameters)  of  the  elements 
shown  in  Figures  5  •  and  6  are  not  to  scale.  For 

30  example,  the  thickness  of  the  resistive  film  has,  in 
such  figures,  been  exaggerated  --  relative  to  the 
substrate  diameter  -for  clarity  of  illustration. 

Referring  first  to  Fig.  2,  there  is  illustrated  a 
typical  cylindrical  substrate  10.  The  cylinder  10  is 

35  heat  resistant,  is  preferably  formed  of  a  ceramic, 
and  is  preferably  solid  instead  of  hollow.  The  sub- 
strate  10  may  have  numerous  lengths  and  diam- 
eters  as  desired  for  particular  circuit  applications, 
the  sizes  ranging  from  quite  large  to  tiny 

40  "toothpick"  sizes. 
Referring  next  to  Fig.  3,  a  resistive  film  11  is 

applied  to  the  exterior  cylindrical  surface  of  cyl- 
inder  10.  Preferably,  resistive  film  11  is  spaced-- 
except  for  connector  portions-from  both  ends  of 

45  the  substrate.  Preferably,  film  1  1  is  one  created  by 
screen  printing  since  this  results  in  what  is  known 
in  the  art  as  a  "thick  film"  and,  furthermore,  since 
the  thickness  of  the  film  is  uniform  and  it  can  be 
very  closely  controlled.  The  resistive  film  may  also 

so  be  what  is  known  in  the  art  as  a  "thin  film",  for 
example,  one  applied  by  vapor  deposition  of  a 
resistive  material. 

Preferably,  resistive  film  11  is  directly  screen 
printed  onto  substrate  10  by  a  suitable  screen 

55  printing  apparatus.  One  such  apparatus  is  de- 
scribed  in  United  States  Patent  4,075,968  for  Ap- 
paratus  for  Manufacturing  Cylindrical  Resistors  by 
Thick-Film  Silk-Screening. 

terial  has  been  applied. 
Cylindrical  film-type  resistors  thus  can  have 

screen-printed  environmentally  protective  coatings, 
and  bare  end  caps  and  are  highly  satisfactory  for 
many  applications.  This  is  to  be  contrasted  with 
cylindrical  resistors  having  dip-applied  encapsulat- 
ing  coatings  that  cover  the  end  caps. 

Stated  otherwise,  the  present  invention  goes 
contrary  to  encapsulation  such  as  has  been  con- 
ventional  for  decades.  Instead  of  encapsulation, 
there  is  preferably  screen  printing  of  an  environ- 
mentally  protective  substance  onto  only  the  cylin- 
drical  substrate  and  the  resistive  film  thereon,  but 
not  including  some  portions  beneath  the  end  caps. 
The  end  caps  are  not  screen  printed. 

The  screen-printed  coatings  do  not  require  ro- 
tating  in  a  fixture  (or  otherwise)  for  a  drying  step, 
since  their  rheology  (viscosity  and  thixotropy)  are 
such  that  no  rotation  is  needed.  Also,  a  single-layer 
screen-printed  coating  is  more  environmentally  pro- 
tective  than  is  a  single-layer  coating  applied  by 
dipping. 

The  end  caps  are  applied  as  the  last  step  in 
the  manufacturing  operation.  Thus,  they  are  not 
exposed  to  any  firing  steps.  The  leads  are  not 
bent,  nor  are  they  partially  (or  wholly)  covered  by 
environmental  protective  material.  It  follows  that  no 
gold  plating,  straightening,  cleaning,  or  dressing  is 
needed.  The  bare  end  caps  are  more  satisfactory 
in  typical  potted  electronics  packages  than  are 
coated  end  caps. 

In  accordance  with  the  method,  preferably  a 
resistive  film  is  first  applied  to  a  cylindrical  sub- 
strate,  and  is  then  fired.  The  resistive  film  is  subse- 
quently  trimmed  to  the  exact  desired  resistance 
value.  Termination  film  material  is  applied  to  the 
end  portions  of  the  resistive  film.  A  screen-printed 
environmentally  protective  coating  is  applied  over 
the  resistive  film,  and  is  then  cured.  Finally,  cylin- 
drical  end  caps  having  leads  extended  axially 
therefrom  are  press  fitted  over  the  ends  of  the 
substrate,  and  are  caused  to  be  in  effective  contact 
with  the  termination  film  material. 

The  article  has  a  resistive  film,  covered  by  a 
screen-printed  dielectric  coating,  and  further  has 
end  caps  that  are  electrically  connected  to  the 
resistive  film.  The  end  caps  are  not  covered  by  the 
screen-printed  dielectric  coating. 

In  the  preferred  form  of  the  method  and  article, 
the  resistive  film  is  screen  printed  onto  the  cylin- 
drical  substrate,  and  has  a  serpentine  pattern. 
There  is  a  gap,  extending  longitudinally  of  the 
substrate,  between  the  corner  portions  of  the  ser- 
pentine  line.  The  environmentally  protective  coating 
is  screen  printed  over  the  serpentine  resistive  pat- 
tern,  and  also  has  a  longitudinal  gap  therein.  Such 
latter  gap  is  caused  to  register  with  the  gap  in  the 
serpentine  pattern.  The  cylindrical  end  caps  are 
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printing  operation,  or  by  dipping  the  ends  of  the 
resistor  in  a  pool  oh  the  conductive  material.  The 
films  17  shown  in  Fig.  3  are  quite  small,  but  they 
may  extend  over  much  larger  regions,  including 

5  most  or  all  the  way  around  the  substrate  as  shown 
and  described  relative  to  reference  numerals  23 
and  24  in  patent  3,858,147.  After  application  of  the 
films  17,  the  resistor  is  again  fired.  The  conductive 
films  17  minimize  contact-resistance  problems, 

w  providing  better  connections  between  the  resistive 
film  1  1  and  the  end  caps  described  below. 

The  resistive  film  1  1  is  then  adjusted,  vis-a-vis 
resistance  value,  so  that  its  resistance  is  as  de- 
sired.  This  is  preferably  done  by  lapping  as  de- 

rs  scribed  in  U.S.  patent  4,132,971  cited  above. 
Referring  next  to  Figs.  4-5,  a  screen-printed 

environmentally  protective  coating  19,  of  dielectric 
(insulating)  substance,  is  applied  over  the  resistive 
film  11  but  not  over  conductive  films  17.  Very 

20  preferably,  coating  19  is  applied  by  direct  silk 
screening  thereof  onto  the  cylinder  10  over  resis- 
tive  film  11,  though  not  necessarily  over  those 
portions  of  tails  16  that  are  near  films  17.  Applica- 
tion  may  be  by  suitable  screen  printing  apparatus, 

25  for  example,  the  one  shown  and  described  in  pat- 
ent  4,075,968. 

As  shown  in  Fig.  5,  the  screen  printed  envi- 
ronmental  coating  19  preferably  covers  a  portions 
of  the  gap  14  between  the  opposed  rows  of  bends 

30  13.  Stated  otherwise,  the  screen  printing  operation 
which  applied  environmental  coating  19  is  so  con- 
ducted  that  there  is  a  longitudinal  gap  that  is  regis- 
tered  with  gap  14,  and  that  is  preferably  somewhat 
narrower  than  gap  14  in  order  to  ensure  that  the 

35  portions"of  bends  13  immediately  adjacent  gap  14 
will  be  covered  by  the  environmental  coating  19. 
The  above  relationship  is  accomplished  by  making 
the  permeable  area  of  the  screen  employed  to 
deposit  coating  19  somewhat  longer  (in  the  direc- 

40  tion  of  screen  movement)  than  is  the  permeable 
area  of  the  screen  employed  to  deposit  resistive 
film  11. 

Coating  19  is  preferably  rectangular  in  shape  in 
a  developed  view  (not  shown).  Stated  otherwise, 

45  the  permeable  region  of  the  screen  that  is  used  to 
screen  coating  19  is  preferably  rectangular  in 
shape. 

The  resistor  is  then  heated  or  fired  in  order  to 
cure  the  environmentally  protective  coating  19.  The 

so  amount  of  heating,  the  duration  of  heating,  etc., 
depend  upon  the  particular  coating  19  employed. 

Although  a  single-layer  coating  1  9  normally  has 
protective  and  dielectric  properties  superior  to 
those  of  a  single  layer  of  silicone  conformal  (the 

55  material  conventionally  employed  for  encapsulation 
of  entire  cylindrical  resistors),  it  is  within  the  scope 
of  the  present  invention  to  provide  one  or  more 
additional  layers  of  environmentally  protective  coat- 

Preferably,  the  resistive  film  11  is  in  the  form 
of  a  long  strip  or  line  12  having  a  serpentine 
pattern  or  configuration,  with  adjacent  portions  of 
the  serpentine  strip  being  sufficiently  close  togeth- 
er  to  effect  inductance  cancellation.  Such  adjacent 
portions  of,  the  serpentine  strip  may  be  termed 
"arms".  The  arms  are  preferably  parallel  to  each 
other,  and  each  extends  circumferentially  about  the 
exterior  of  substrate  10  in  a  plane  perpendicular  to 
the  axis  of  such  substrate. 

The  above-indicated  arms  of  the  serpentine 
strip  connect  to  each  other  at  bend  or  base  por- 
tions  13.  The  bend  or  base  portions  are,  in  the 
preferred  configuration,  disposed  in  two  parallel 
rows  extending  longitudinally  of  substrate  10  at 
opposite  sides  of  a  gap  14  in  the  resistive  film  11. 
The  gap  14  also  extends  longitudinally  of  the  sub- 
strate. 

In  the  preferred  form,  the  bends  13  are  rela- 
tively  wide,  being  substantially  wider  than  are  the 
parallel  arm  portions  of  strip  12.  The  relatively  wide 
bends  13  minimize  the  change  that  there  will  be 
circuit  discontinuities  when  the  resistor  is  trimmed 
by  lapping. 

After  the  resistive  film  1  1  has  been  applied,  the 
substrate  10  with  film  11  thereon  is  fired  as  de- 
scribed  in  U.S.  patent  3,858,147.  After  the  firing, 
the  screen  printed  thick-film  strip  or  line  12  has  a 
feathered  configuration  when  viewed  in  cross-sec- 
tion,  reference  being  made  to  the  left  portion  of 
Fig.  6  of  the  present  patent  application. 

For  a  more  detailed  description  of  the  method 
and  apparatus  relative  to  the  preferred  screen  print- 
ed  thick-film  resistor,  and  a  method  and  apparatus 
for  making  it,  reference  is  made  to  U.S.  patents 
3,858,147,  3,880,609,  4,075,968,  and  4,132,971. 
The  disclosures  of  all  of  said  patents  are  hereby 
incorporated  by  reference  herein. 

The  longitudinal  gap  14  between  the  parallel 
rows  of  bends  13  preferably  extends  for  the  full 
length  of  substrate  10.  In  the  present  resistor,  the 
width  of  such  gap  14,  that  is  to  say  the  dimension 
of  the  gap  circumferentially  of  the  substrate,  is 
preferably  somewhat  greater  than  the  minimum 
width  of  gap  specified  in  certain  of  the  above-cited 
patents.  This  is  to  make  it  more  practical  to  apply 
to  substrate  10  a  screen-printed  layer  of  envi- 
ronmentally  protective  coating  having  a  gap  some- 
what  narrower  than  gap  1  4. 

At  each  end  of  the  serpentine  pattern,  there  is 
a  tail  or  connector  portion  16  of  strip  12,  reference 
being  made  to  the  left  and  right  ends  of  Fig.  3. 
After  the  resistive  film  has  been  fired,  there  is 
applied  over  each  tail  16  a  film  17  that  is  highly 
conductive  as  distinguished  from  resistive.  Conduc- 
tive  films  17  may  be  applied  in  various  ways.  They 
may,  for  example,  be  manually  applied  by  means 
of  a  brush.  They  may  also  be  applied  by  a  screen 
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The  pressing  of  the  end  caps  20  onto  the 
substrate  is  done  carefully,  by  a  suitable  pressing 
tool  that  permits  leads  23  to  continue  their  axially- 
projecting  relationship  during  all  stages  of  the 

5  pressing  operation.  Thus,  the  leads  23  are  not 
bendt  or  adversely  affected  by  the  pressing.  Since 
the  application  of  the  end  caps  is  the  final  step  in 
the  method,  it  follows  that  there  is  not  need  to 
straighten  any  leads  23,  or  to  remove  any  material 

w  from  such  leads  by  cleaning  and  hand  dressing 
operations.  Also,  it  is  not  necessary  that  the  leads 
23  be  gold  plated  in  order  to  prevent  damage 
thereto  during  firing  operations. 

The  environmentally  protective  coating  19  is 
75  formed  of  a  "screen  printable"  dielectric 

(insulating)  material.  One  such  material  that  has 
been  employed  by  applicant  in  performing  the 
method  of  the  present  invention,  and  creating  the 
article  of  the  present  invention,  is  a  resin-type 

20  mineral-filled  silicone.  More  specifically,  such  ma- 
terial  is  number  240-SB  described  in  bulletin  num- 
ber  42479,  by  Electro-Science  Laboratories,  Inc.  of 
Pennsauken,  New  Jersey. 

Another  screen  printable  material  that  has  been 
25  employed  by  applicant  in  the  present  invention  is 

number  242-SB  by  said  Electro-Science  Laborato- 
ries,  Inc.  Such  latter  material  is  a  mineral-filled 
epoxy,  and  is  described  in  a  bulletin  promulgated 
by  said  Electro-Science  Laboratories,  Inc.  and  en- 

30  titled  POLYMER  PROTECTIVE  COATINGS  242-S, 
242-SB,  242-D,  the  bulletin  being  numbered  22084. 

A  further  screen  printable  substance  that  has 
been  employed  by  applicant  in  the  present  inven- 
tion  is  number  9137,  produced  by  E.I.  Du  Pont  de 

35  Nemours  &  Co.  Electronic  Materials  Division  of 
Wilmington,  Delaware.  This  is  described  in  a  Du 
Pont  bulletin  entitled  "Du  Pont  Thick  Film  Dielectric 
Compositions  5137  and  9137". 

The  Du  Pont  screen  printable  material  is  a 
40  vitrifying  glass  frit.  It  is  heated  to  a  peak  tempera- 

ture  of  about  500°  C,  this  being  in  contrast  with  the 
above-indicated  Electro-Science  materials  that  are 
only  heated  to  temperatures  of  abouFT50°  C.  When 
a  resistor  is  fired  at  a  high  temperature,  such  as 

45  500  '  C,  its  resistance  value  changes  somewhat. 
Thus,  when  the  Du  Pont  material  is  employed, 

.  trimming  is  effected  after  application  of  the  dielec- 
tric  screen-printing  coating. 

A  further  screen  printable  substance  that  may 
so  be  employed  is  a  resin-type  polymide.  It  may  be 

obtained  as  EPO-TEK  600-BLT  from  Epoxy  Tech- 
nology,  Inc.  of  Billerica,  Massachusetts.  It  also 
cures  at  150°  C. 

As  a  specific  example,  which  is  given  by  way 
55  of  illustration  and  not  limitation,  the  substrate  10  is 

a  centerless-ground  cylinder  of  aluminum  oxide, 
having  a  diameter  of  0.250  inch  (6.35  mm).  The 
resistive  film  1  1  is  composed  of  electrically  con- 

ing  19.  After  application  of  each  layer,  by  screen 
printing,  heating  or  firing  is  effected  to  cure  the 
layer  as  required  by  the  particular  substance  em- 
ployed. 

It  is  presently  preferred  that  only  one  layer  19 
of  environmentally  protective  substance  be  pro- 
vided. 

There  is  not  requirement  that  the  resistors  be 
rotated  about  their  longitudinal  axes  prior  to  or 
during  curing,  because  the  coating  substances 
have  such  rheologies  (viscosities  and  thixotropies) 
that  the  coatings  do  not  sag  or  flow  after  screen 
printing  has  been  performed. 

As  the  final  step  in  the  method,  end  caps  20 
are  press-fit  over  the  ends  of  cylinder  10,  so  as  to 
be  in  physical  and  electrical  contact  with  conduc- 
tive  films  17.  The  end  caps  are  preferably  cylin- 
drical  and  cup-shaped,  as  illustrated.  Very  prefer- 
ably,  the  end  regions  of  protective  coating  19  are 
sufficiently  close  to  the  ends  of  substrate  10,  and 
the  end  caps  are  sufficiently  deep,  that  the  rim 
regions  of  the  end  caps  telescope  over  the  coating 
19  as  best  illustrated  in  Figs.  1  and  6. 

The  relationships  are  caused  to  be  such  that 
the  interior  cylindrical  surface  of  each  end  cap  20 
is  in  effective  contact  with  a  conductive  layer  17 
while,  at  the  same  time,  rim  regions  of  the  end 
caps  are  telescoped  over  and  in  contact  with  the 
screen-printed  coating  1  9. 

It  is  emphasized  that  screen  printing  permits 
the  thickness  of  the  coating  19  to  be  very  ac- 
curately  controlled.  Furthermore,  the  end  caps  20 
are  preferably  formed  by  stamping  (more  specifi- 
cally,  deep  drawing  followed  by  shearing),  so  that 
their  interior  dimensions  are  also  effectively  con- 
trolled.  The  thicknesses  of  the  coatings  17  and  19, 
and  the  dimensions  of  the  interior  surfaces  of  end 
caps  20,  are  selected  in  order  to  create  effective 
interference  fits  between  the  end  caps  and  not  only 
the  conductive  films  17  but  also  the  dielectric  envi- 
ronmentally  protective  coating  19. 

Each  end  cap  20  is  a  highly  conductive  hollow 
cylinder  21  preferably  formed  of  a  metal,  and  pref- 
erably  having  a  bottom  wall  22  that  is  adjacent  the 
end  of  substrate  10.  Projecting  from  the  bottom 
wall  22  is  a  lead  23  that  is  preferably  caused  to  be 
coaxial  with  the  end  cap  20  and  thus  with  the 
substrate  10.  Each  lead  23  is  welded  to  the  center 
of  wall  22  by  a  weld  24  (Fig.  6).  The  welding  is 
effected  prior  to  the  pressing  of  the  end  caps  20 
onto  the  ends  of  the  substrate,  and  is  such  that  the 
lead  extends  perpendicular  to  the  bottom  wall  22 
as  shown. 

As  indicated  in  Fig.  6,  the  interior  surfaces  of 
the  end  caps  20  at  the  rim  regions  thereof  are 
beveled  (divergent  in  directions  away  from  the 
ends  of  the  substrate)  somewhat.  This  facilitates 
pressing  of  the  end  caps  onto  the  substrate  ends. 



EP  0  334  473  A2 10 

said  end  caps  being  in  contact  with  said  termina- 
tion  films  and  thus  being  electrically  connected  to 
said  resistive  film,  and 

(e)  an  environmentally  protective  coating 
5  adherently  applied  to  the  exterior  cylindrical  sur- 

face  of  said  substrate  and  overlying  said  resistive 
film, 
said  environmentally"  protective  coating  not  over- 
lying  said  end  caps. 

10 
5.  A  resistor  as  described  in  clause  4,  in 

which  said  environmentally  protective  coating  (e)  is 
one  which  has  been  formed  by  screen  printing  and 
has  a  precisely  controlled  uniform  thickness  and 

75  has  a  precisely  controlled  area  of  application,  said 
area  of  application  not  including  at  least  substantial 
portions  of  said  termination  films  (c). 

6.  A  resistor  as  described  in  clause  5,  in 
which  said  environmentally  protective  coating  (e)  is 

20  one  which  has  been  directly  screen  printed  onto 
said  substrate. 

7.  A  film-type  cylindrical  resistor,  which  com- 
prises: 

(a)  a  cylindrical  substrate, 
25  (b)  a  film  of  resistive  material  adherently 

provided  on  the  exterior  cylindrical  surface  of  said 
substrate, 

(c)  a  coating  of  environmentally  protective 
material  adherently  provided  on  the  exterior  cylin- 

30  drical  surface  of  said  substrate  over  said  resistive 
film, 

(d)  films  of  highly  conductive  termination 
material  adherently  provided  over  said  resistive  film 
at  predetermined  regions  relatively  adjacent  the 

35  ends  of  said  substrate,  and 
(e)  electrically  conductive  end  caps  moun- 

ted  on  the  ends  of  said  substrate  and  overlying  and 
contacting  both: 
(1)  at  least  parts  of  said  termination  films  (d),  and 

40  (2)  the  regions  of  said  environmentally  protective 
coating  (c)  that  are  relatively  adjacent  the  ends  of 
said  substrate. 

8.  A  resistor  as  described  in  clause  7,  in 
45  which  said  end  caps  are  metal  cups  press  fit  onto 

the  ends  of  said  substrate,  said  metal  cups  being 
in  interference-fit  engagement  with  said  termination 
films  (d)  and  with  said  environmentally  protective 
coating  (c). 

50  9.  A  resistor  as  described  in  clause  7,  in 
which  said  coating  (c)  of  environmentally  protective 
material  is  one  that  has  been  formed  by  screen 
printing,  having  a  uniform  controlled  thickness  and 
a  controlled  area  of  application. 

55 

ductive  complex  metal  oxides  in  a  glass  matrix, 
and  has  a  thickness  of  0.0007  inch  (17.8  urn).  The 
environmentally  protective  coating  19  is  the  above- 
specified  resin-type  mineral-filled  silicone,  and  has 
a  thickness  of  0.0015  inch  (38.1  urn).  Each  end 
cap  20  is  formed  of  stainless  steel,  and  has  a  wall 
thickness  of  0.010  inch  (0.25  mm).  The  inner  diam- 
eter  of  cylinder  21  is  0.246  inch  plus  or  minus 
0.002  inch  (50  urn).  The  conductive  coating  17  is  a 
silver-ceramic  conductive  material  in  a  glass  ma- 
trix,  and  has  a  thickness  of  0.001  inch  (25  urn)  at 
regions  that  contact  the  exterior  cylindrical  surface 
of  substrate  1  0. 

The  present  article  is  of  high  quality,  yet  may 
be  manufactured  by  the  present  method  at  rela- 
tively  low  cost  and  with  a  high  rate  of  production. 

The  two  bulletins  identified  above  and  promul- 
gated  by  Electro-Science  Laboratories,  Inc.,  and 
the  above-identified  bulletin  by  Du  Pont,  are  hereby 
incorporated  by  reference  herein  as  though  set 
forth  in  fuli. 

Various  different  aspects  of  the  invention  will 
now  be  described  in  the  following  numbered 
clauses:- 

1  .  A  film-type  resistor,  which  comprises: 
(a)  a  cylindrical  substrate, 
(b)  a  film  of  resistive  material  provided  around  at 
least  portions  of  the  exterior  surface  of  said  sub- 
strate  and  conforming  to  said  surface  of  said  sub- 
strate, 
(c)  a  coating  of  environmentally  protective  insulat- 
ing  material  provided  over  said  resistive  film  to 
insulate  and  environmentally  protect  the  same,  and 
(d)  electrically  conductive  end  caps  provided  on 
opposite  ends  of  said  substrate  and  being  elec- 
trically  connected  with  said  resistive  film, 
characterised  in  that  said  coating  (c)  does  not 
extend  over  said  end  caps  (d). 

2.  A  resistor  as  described  in  clause  1,  in 
which  said  end  caps  are  in  interference-fit  engage- 
ment  with  said  substrate. 

3.  A  resistor  as  described  in  clause  1,  in 
which  said  end  caps  have  cylindrical  sidewalls  and 
generally  radial  bottom  walls,  and  in  which  leads 
are  connected  to  said  bottom  walls. 

4.  A  cylindrical  film-type  resistor,  which  com- 
prises: 

(a)  a  cylindrical  substrate, 
(b)  a  resistive  film  adherently  applied  to 

the  exterior  cylindrical  surface  of  said  substrate, 
(c)  highly  conductive  termination  films  ad- 

herently  applied  over  said  resistive  film  at  regions 
respectively  near  the  ends  of  said  substrate, 

(d)  conductive  end  caps  fit  over  the  ends 
of  said  substrate  and  over  at  least  portions  of  said 
termination  films. 
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(b)  a  noninductive  thick-film  serpentine 
film  of  resistive  material  adherently  provided  by 
screen  printing  onto  the  exterior  cylindrical  surface 
of  said  substrate, 

5  said  film  (b)  having  highly  uniform  in  thickness  and 
having  a  controlled  known  thickness, 

(c)  an  environmentally  protective  coating 
of  screen  printable  insulating  material  adherently 
provided  by  screen  printing  onto  the  exterior  cylin- 

w  drical  surface  of  said  substrate  over  said  serpentine 
resistive  film, 
said  coating  (c)  being  highly  uniform  in  thickness 
and  having  a  controlled  known  thickness,  and 

(d)  metal  end  caps  press-fit  over  the  ends 
75  of  said  substrate  and  over  portions  of  said  coating 

(c), 
said  end  caps  having  inner  substantially  cylindrical 
surfaces  the  diameters  of  which  are  so  correlated, 
to  the  diameter  of  said  substrate  and  to  film  por- 

20  tions  thereon,  as  to  create  a  correct  interference-fit 
relationship  therewith. 

19.  A  resistor  as  described  in  clause  18,  in 
which  highly  conductive  termination  films  are  pro- 

25  vided  over  said  resistive  film,  and  in  which  portions 
of  said  termination  films  are  not  covered  by  said 
environmentally  protective  coating  and  are  in  direct 
contact  with  inner  surface  portions  of  said  end 
caps. 

30  20.  A  method  of  manufacturing  a  relatively 
low-cost  high-quality  film  type  cylindrical  resistor, 
said  method  comprising: 

(a)  providing  a  cylindrical  substrate, 
(b)  providing  a  film  of  resistive  material 

35  exteriorly  on  said  substrate, 
(c)  providing  over  said  resistive  material 

film  at  least  one  layer  of  environmentally  protective 
insulating  material,  and 

(d)  providing  electrically  conductive  end 
40  caps  over  opposite  ends  of  said  substrate  and 

causing  said  end  caps  to  be  electrically  connected 
with  said  resistive  material, 
said  end  caps  being  provided  after  said  providing 
of  said  environmentally  protective  insulating  ma-  ' 

45  terial. 

21.  A  resistor  as  described  in  clause  20,  in 
which  said  method  further  comprises  press-fitting 
said  end  caps  onto  said  substrate  so  as  to  cause 

so  said  end  caps  to  be  in  interference-fit  relationship 
with  said  substrate. 

22.  A  method  of  manufacturing  relatively 
low-cost  high-quality  film-type  cylindrical  resistors, 
said  method  comprising: 

55  (a)  providing  a  cylindrical  substrate, 
(b)  applying  to  the  exterior  cylindrical  sur- 

face  of  said  substrate  a  film  of  resistive  material, 

10.  A  resistor  as  described  in  clause  9,  in 
which  said  coating  (c)  is  environmentally  protective 
material  is  one  which  is  formed  of  screen  printable 
material,  and  which  has  been  screen  printed  di- 
rectly  onto  said  substrate. 

11.  A  resistor  as  described  in  clause  7,  in 
which  said  resistive  film  (b)  has  a  gap  therein 
extending  longitudinally  of  said  substrate,  and  in 
which  said  coating  (c)  of  environmentally  protective 
material  also  has  a  gap  therein  extending  longitudi- 
nally  of  said  substrate,  said  gaps  being  substan- 
tially  registered  with  each  other. 

12.  A  resistor  as  described  in  clause  11,  in 
which  said  gap  in  said  coating  (c)  of  environmen- 
tally  protective  material  is  narrower  than  said  gap 
in  said  resistive  film  (b),  the  relationships  between 
said  gaps  being  such  that  all  regions  of  said  film 
(b)  adjacent  said  gap  therein  are  covered  by  said 
coating  (c). 

13.  A  resistor  as  described  in  clause  7,  in 
which  said  film  (b)  of  resistive  material  is  a  non- 
inductive  serpentine  film  having  a  gap  therein  that 
extends  longitudinally  of  said  substrate,  said  resis- 
tive  film  having  rows  of  bends  at  opposite  sides  of 
said  gap,  and  in  which  said  coating  (c)  of  envi- 
ronmentally  protective  material  has  a  gap  therein 
that  extends  longitudinally  of  said  substrate,  said 
gaps  being  substantially  registered  with  each  other. 

14.  A  resistor  as  described  in  clause  13,  in 
which  said  coating  (c)  of  environmentally  protective 
material  is  substantially  rectangular  in  shape  when 
developed. 

15.  A  resistor  as  described  in  clause  13,  in 
which  said  resistive  film  (b)  is  a  thick-film  resistive 
film  that  has  been  directly  screen  printed  onto  said 
substrate. 

16.  A  resistor  as  described  in  clause  7,  in 
which  said  film  (b)  of  resistive  material  is  a  non- 
inductive  serpentine  film  having  a  gap  therein  that 
extends  longitudinally  of  said  substrate,  said  film 
having  rows  of  bends  adjacent  opposite  sides  of 
said  gap,  said  film  (b)  having  been  formed  by 
screen  printing,  and  in  which  said  environmentally 
protective  coating  (c)  is  a  coating  formed  by  screen 
printing. 

17.  A  resistor  as  described  in  clause  16,  in 
which  said  film  (b)  is  a  thick-film  formed  of  resistive 
material  that  has  been  directly  screen  printed  onto 
said  substrate,  and  in  which  said  environmentally 
protective  coating  (c)  is  a  coating  of  screen  print- 
able  environmentally  protective  material  that  has 
been  directly  screen  printed  onto  said  substrate 
over  said  film  (b). 

18.  A  cylindrical  film-type  resistor,  which 
comprises: 

(a)  a  cylindrical  ceramic  substrate, 
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(a)  providing  a  cylindrical  substrate 
formed  of  heat  resistant  insulating  ceramic, 

(b)  screen  printing  a  thick-film  resistive 
film  onto  said  substrate, 

5  (c)  firing  said  substrate  and  said  resistive 
film  thereon, 

(d)  screen  printing  termination  films  onto 
said  substrate  over  end  portions  of  said  resistive 
film,  near  the  ends  of  said  substrate, 

w  (e)  screen  printing  at  least  one  layer  of 
screen  printable  environmentally  protective  insulat- 
ing  coating  onto  said  substrate  over  said  resistive 
film  but  not  over  at  least  portions  of  said  termina- 
tion  films, 

15  (f)  heating  said  substrate  to  cure  said  in- 
sulating  coating,  and 

(g)  thereafter  press-fitting  cup-shaped 
metal  end  caps  over  the  ends  of  said  substrate  in 
such  relationships  that  interior  cylindrical  surface 

20  portions  of  said  end  caps  are  in  contact  with  said 
termination  films. 

30.  A  method  as  described  in  clause  29,  in 
which  said  method  further  comprises  so  performing 

25  said  steps  (e)  and  (g)  that  interior  cylindrical  sur- 
face  portions  of  said  end  caps  are  in  interference-fit 
relationship  with  said  termination  films  and  also 
with  end  portions  of  said  environmentally  protective 
insulating  coating. 

30  31.  A  method  as  described  in  clause  29,  in 
which  said  method  further  comprises  employing,  as 
said  screen  printable  environmentally  protective  in- 
sulating  coating,  a  resin-type  mineral-filled  silicone. 

32.  A  method  as  described  in  clause  29,  in 
35  which  said  method  further  comprises  employing,  as 

said  screen  printable  environmentally  protective  in- 
sulating  coating,  a  mineral-filled  epoxy. 

33.  A  method  as  described  in  clause  29,  in 
which  said  method  further  comprises  employing,  as 

40  said  screen  printable  environmentally  protective  in- 
sulating  coating,  a  vitrifying  glass  frit. 

34.  A  method  as  described  in  clause  29,  in 
which  said  method  further  comprises  employing,  as 
said  screen  printable  environmentally  protective  in- 

45  sulating  coating,  a  resin-type  polyimide. 

(c)  screen-printing  a  layer  of  environmen- 
tally  protective  insulating  material  onto  said  sub- 
strate  over  said  resistive  film,  and 

(d)  providing  terminations  for  said  resistive 
film. 

23.  A  method  for  manufacturing  a  relatively 
low-cost  high-quality  film-type  cylindrical  resistor, 
said  method  comprising: 

(a)  providing  a  cylindrical  substrate, 
fb)  applying  a  resistive  film  to  the  exterior 

cylindrical  surface  of  said  substrate, 
(c)  applying  conductive  termination  films 

over  portions  of  said  resistive  film  adjacent  the  end 
portions  of  said  substrate, 

(d)  screen  printing  a  coating  of  screen- 
printable  environmentally  protective  insulating  ma- 
terial  over  said  resistive  film  but  not  over  at  least 
portions  of  said  termination  films,  and 

(c)  thereafter  press-fitting  electrically  con- 
ductive  end  caps  over  the  ends  of  said  substrate  in 
such  relationships  that  said  end  caps  are  in  contact 
with  said  portions  of  said  termination  films. 

24.  A  method  as  described  in  clause  23,  in 
which  said  method  further  comprises  causing  said 
end  caps  to  be  in  interference-fit  relationship  with 
said  termination  films  and  also  with  portions  of  said 
coating  of  environmentally  protective  insulating  ma- 
terial. 

25.  A  method  as  described  in  clause  23,  in 
which  said  method  further  comprises  performing 
said  step  (b)  by  screen  printing  a  thick-film  resis- 
tive  film  onto  said  substrate,  in  such  manner  that 
said  resistive  film  has  a  gap  therein  longitudinally 
of  said  substrate. 

26.  A  method  as  described  in  clause  25,  in 
which  said  method  further  comprises  performing 
said  step  fd)  in  such  manner  that  said  insulating 
coating  has  a  gap  therein  longitudinally  of  said 
substrate,  and  also  in  such  manner  that  said  last- 
mentioned  gap  substantially  registers  with  said  gap 
in  said  resistive  film. 

27.  A  method  as  described  in  clause  25,  in 
which  said  method  further  comprises  causing  said 
thick-film  resistive  film  to  be  in  a  serpentine  non- 
inductive  pattern,  the  bends  of  said  pattern  being  in 
rows  along  opposite  edges  of  said  gap  in  said 
resistive  film. 

28.  A  method  as  described  in  clause  26,  in 
which  said  method  further  comprises  causing  said 
end  caps  to  be  in  interference-fit  relationship  with 
said  termination  films  and  also  with  portions  of  said 
coating  of  environmentally  protective  insulating  ma- 
terial. 

29.  A  method  of  manufacturing  a  film-type 
resistor,  comprising: 

Claims 
50 

1.  A  film-type  resistor  comprising:  (a)  a  cylin- 
drical  substrate  (10); 
(b)  a  film  (1  1  )  of  resistive  material  provided  around 
at  least  portions  of  the  exterior  surface  of  the 

55  substrate  (10)  and  conforming  to  the  surface  of  the 
substrate  (10); 
(c)  a  coating(19)  of  environmentally  protective  in- 
sulating  material  provided  over  the  resistive  film 
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(11)  to  insulate  and  environmentally  protect  it;  and, 
(d)  electrically  conductive  end  caps  (20)  provided 
on  opposite  ends  of  the  substrate  and  being  elec- 
trically  connected  to  the  resistive  film  (11), 
characterised  in  that  the  coating  (19)  does  not 
extend  over  the  end  caps  (20). 

2.  A  resistor  according  to  claim  1,  which  also 
includes: 

(e)  a  high  conductivity  termination  film  (17) 
applied  to  the  ends  of  the  substrate  electrically  to 
connect  the  resistive  film  (11)  and  the  end  caps 
( 2 0 ) . .  

3.  A  resistor  according  to  claim  1  or  2,  in  which 
the  end  caps  (20)  are  press-fitted  to  the  ends  of 
the  substrate  and  are  in  interference  fit  with  the 
coating  (19)  and  with  the  resistive  film  (11)  or 
conductive  film  (17)  when  this  is  included. 

4.  A  resistor  according  to  any  one  of  the  pre- 
ceding  claims,  in  which  the  environmentally  protec- 
tive  coating  (19)  is  one  which  has  been  formed  by 
screen  printing  and  has  a  precisely  controlled  uni- 
form  thickness  and  has  a  precisely  controlled  area 
of  application,  the  area  of  application  not  including 
at  least  portions  of  the  resistive  film  (11)  or  the 
termination  films  (17)  which  lie  beneath  the  end 
caps  (20). 

5.  A  resistor  according  to  any  one  of  the  pre- 
ceding  claims,  in  which  the  resistive  film  (11)  has  a 
gap  (14)  extending  longitudinally  of  the  substrate, 
and  in  which  the  coating  (19)  of  environmentally 
protective  material  also  has  a  gap  extending  lon- 
gitudinally  of  the  substrate,  the  gaps  being  sub- 
stantially  in  register  with  one  another  with  all  re- 
gions  of  the  resistive  film  (11)  being  covered  by  the 
coating  (20). 

6.  A  method  of  manufacturing  a  film  type  cylin- 
drical  resistor,  the  method  comprising: 
(a)  providing  a  cylindrical  substrate  (10); 
(b)  providing  a  film  (11)  of  resistive  material  on  the 
outside  of  the  substrate  (1  0); 
(c)  providing  over  the  resistive  material  film  at  least 
one  layer  of  environmentally  protective  insulating 
material  (19);  and 
(d)  providing  electrically  conductive  end  caps  (20) 
over  opposite  ends  of  the  substrate  (10)  and  caus- 
ing  the  end  caps  to  be  electrically  coupled  to  the 
resistive  film  material  (11), 
characterised  in  that  the  end  caps  (20)  are  pro- 
vided  after  the  environmentally  protective  insulating 
material  has  been  applied. 

7.  A  method  according  to  claim  6,  in  which  a 
high  conducting  film  (17)  is  applied  to  the  ends  of 
the  substrate  (10)  to  establish  electrical  coupling 
between  the  resistive  film  (11)  and  the  end  caps 
(20). 

8.  A  method  according  to  claim  6  or  7,  in  which 
the  environmentally  protective  material  is  subjected 
to  a  curing  step  at  an  elevated  temperature  before 
the  end  caps  (20)  are  provided  in  step  (d). 

9.  A  method  according  to  any  one  of  claims  6, 
7  or  8,  in  which  step  (b)  comprises  screen  printing 
a  coating  of  screen-printable  environmentally  pro- 
tective  insulating  material  over  the  resistive  film 
(11)  but  not  over  at  least  some  portions  of  the 
substrate  (1  0)  to  be  covered  by  the  end  caps  (20). 

10.  A  method  according  to  any  one  of  claims  6 
to  9,  in  which  the  step  (d)  comprises  press-fitting 
the  electrically  conductive  end  caps  (20)  over  the 
ends  of  the  substrate,  the  end  caps  being  an 
interference-fit  relationship  with  the  resistive  film 
(11)  or  the  conductive  film  (17)  and  also  with  por- 
tions  of  the  coating  (19)  of  environmentally  protec- 
tive  insulating  material. 

10 

75 

20 

25 

30 

35 

40 

45 

50 

55 



EP  0  334  473  A2 

_ _ £ Z r ^   Y .  

_ ^  

- J ? i r G n 4 .  

■so 



EP  0  334  473  A2 

- J & G - .   S .  

^  W \  - / /  \  \  

»   \  \ S X V \ n  
\  \  

x ^ \ \ \ V >  \ \   \  \  \   \   \   \  

\ \ \ \ V   \ \ \ \ N O   \ \ V  

»x  \  \ \   N v \ \   \ \ \ v   \   \  

\  \   \  \   \  
\  \  

\ \ \ \ \  V \ \  . \ . \ \  \  \ V n \ V  \   \  \  \  
Ov - y e  

^ G -   & .  


	bibliography
	description
	claims
	drawings

