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Description 

It  is  important  that  the  balancing  resistors  used  in 
line  cards  in  telephone  systems  have  precise  values. 
Precision  resistors  permit  proper  line  balancing,  and 
proper  balancing  causes  better  voice  transmission  fidel- 
ity  and  better  data  transmission  accuracy  and  reliability. 
Precision  resistance  values,  however,  are  only  one  of 
the  factors  determining  whether  or  not  particular  balanc- 
ing  resistors  are  looked  upon  favorably  by  telephone 
companies. 

It  is  essential  that  the  balancing  resistors,  and  the 
line  cards,  perform  in  certain  ways  demanded  by  the  tel- 
ephone  companies,  at  three  specified  or  standard  levels 
of  adverse  conditions.  The  first  level  is  one  where  the 
line  card  will  survive  and  continue  to  function  properly 
despite  certain  conditions,  one  being  lightning  tran- 
sients.  The  second  level  relates  to  a  condition  where  the 
balancing  resistors  are  continuously  overheating,  for  ex- 
ample  because  the  line  card  is  overheating  due  to  being 
improperly  connected  by  a  technician.  Relative  to  this 
second  level,  there  must  be  a  thermal  cutoff  action  to 
discontinue  flow  of  current  before  the  line-card  circuit 
board  starts  to  burn.  The  third  level  is  one  where  there 
is  a  sudden  application  of  high  voltage,  for  example 
when  a  power  line  drops  on  the  telephone  line.  Relative 
to  this  third  level,  current  flow  must  be  substantially  in- 
stantaneously  discontinued  or  small-diameter  wires  in 
the  telephone  system  may  melt. 

The  combined  requirements  for  precision  balanc- 
ing,  and  for  the  ability  to  either  withstand  or  fail  safely 
relative  to  specified  types  of  adverse  conditions,  must 
be  satisfied  by  resistors  that  are  physically  smaller  and 
smaller  in  comparison  to  prior-art  resistors,  and  by  re- 
sistors  having  resistance  values  that  are  often  only  a 
fraction  of  the  values  of  prior  art  resistors.  A  great  prob- 
lem  relative  to  the  needs  for  physically  small  balancing 
resistors,  and  low  resistance  balancing  resistors,  is  that 
low  resistance  resistors  have  much  more  power  intro- 
duced  therein  during  lightning  transients  and  during 
overload  conditions  than  is  the  case  relative  to  high  val- 
ue  resistors.  For  example,  if  the  resistance  value  is  cut 
in  half,  the  introduced  power  doubles.  Handling  high 
power  caused  by  lightning  transients,  etc.,  with  physi- 
cally  smaller  resistors,  is  extremely  difficult.  It  is  empha- 
sised  that  physically  small  resistors  inherently  have  less 
heat  dissipating  surface  area  and  thus  are  harder  to  cool 
in  comparison  to  the  physically  larger  resistors  of  the 
prior  art. 

In  sum,  telephone  companies  want  the  line  cards  to 
be  small  so  that  there  can  be  more  cards  in  a  given 
space.  They  therefore  want  the  components  on  the 
cards  to  be  small,  and  they  also  want  the  minimum 
number  of  components  to  be  employed,  while  still  meet- 
ing  strict  performance  requirements. 

Relative  to  the  above  mentioned  second  level  of  ad- 
verse  conditions,  it  is  customary  to  use  fuses  or  thermal 
cutoffs  that  are  separately  manufactured  and  separately 

mounted  components.  These  require  separate  opera- 
tions  to  assemble  them  to  the  circuit  board;  furthermore, 
they  require  considerable  room  on  the  board. 

Relative  to  the  above  mentioned  third  level  of  ad- 
5  verse  conditions,  various  approaches  are  employed  in 

the  art.  These  include  fuses,  voltage  management  cir- 
cuits,  etc.  These  require  separate  components,  and 
separate  mounting  operations,  as  well  as  needing  addi- 
tional  space  on  the  board. 

10  GB-A-2,  163,307  discloses  a  thin  film  resistor 
formed  on  a  thin  substrate  which  fractures  in  response 
to  an  excessive  power  level.  As  the  disclosed  substrate 
may  fracture  at  any  position,  and  therefore  an  adhesive 
tape  is  provided  on  the  substrate  to  keep  this  intact. 

is  In  EP-A-0,  395,  231,  a  thick  film  resistor  is  disclosed 
mechanically  connected  to  a  first  conductor.  Due  to  the 
provision  of  a  resistive  film  on  only  one  side  of  the  sub- 
strate,  or  films  of  different  resistivity  on  opposite  sides 
of  the  substrate,  it  is  disclosed  that  the  substrate  will 

20  bend  and  crack.  The  resistor  substrate  must  crack  ver- 
tically  at  around  its  mid-point  for  the  fuse  conductor  to 
be  broken,  and  accordingly  an  excess  power  will  not 
necessarily  result  in  the  power  being  cut  off. 

EP-A-395,231  discloses  a  resistor  comprising  : 
25 

(a)  a  thin  substrate  having  front  and  back  flat  sur- 
faces; 
(b)  a  resistive  film  provided  on  said  substrate; 
(c)  terminal  means  for  said  film,  to  connect  the  same 

30  in  a  telephone  circuit,  said  substrate  being  adapted 
to  thermal  shock  fracture,  and  break  said  circuit 
through  said  film,  in  respcnse  to  sudden  application 
of  a  voltage  overload  to  said  terminal  means,  said 
breakage  being  so  fast  that  fine  wires  in  the  tele- 

35  phone  circuit  will  not  be  damaged. 

In  accordance  with  this  invention,  a  telephone  re- 
sistor  comprises: 

40  (a)  a  thin  substrate  having  front  and  back  flat  sur- 
faces; 
(b)  a  resistive  film  provided  on  said  substrate; 
(c)  terminal  means  for  said  film,  to  connect  the  same 
in  a  telephone  circuit,  said  substrate  being  adapted 

45  to  thermal  shock  fracture,  and  break  said  circuit 
through  said  film,  in  response  to  sudden  application 
of  a  voltage  overload  to  said  terminal  means,  said 
breakage  being  so  fast  that  fine  wires  in  the  tele- 
phone  circuit  will  not  be  damaged;  and 

so  (d)  heat  responsive  breaker  means  mounted  on 
said  substrate  and  connected  in  said  circuit  to  break 
said  circuit  through  said  film  in  response  to  a  pro- 
tracted  current  overload. 

55  Preferably  said  heat  responsive  breaker  means  is 
an  elongate  electrically  conductive  spring  element 
mounted  on  the  substrate  and  in  circuit  with  both  of  the 
films,  the  spring  element  being  under  stressed  condition 
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such  that  one  end  thereof  constantly  attempts  to  spring 
away  from  the  substrate,  and  solder  to  hold  such  one 
end  in  place  on  the  substrate  despite  such  stressed  con- 
dition  of  the  spring  element,  the  solder  being  adapted  to 
melt  in  response  to  overheating  of  the  resistive  films, 
and  thus  permit  separation  therefrom  of  such  one  end 
so  that  the  circuit  through  the  films  is  broken  and  the 
films  and  any  other  elements  in  the  circuit  are  protected. 

Particular  examples  of  telephone  resistors  will  now 
be  described  with  reference  to  the  accompanying  draw- 
ings,  in  which:- 

Fig.  1  is  an  isometric  view  showing  a  fractured  sub- 
strate  in  combination  with  the  underlying  portion  of 
the  circuit  board; 
Fig.  2  is  a  front  plan  view  of  the  resistor  (network) 
for  Fig.  1,  before  the  fracture  occurred,  the  board 
being  unshown; 
Fig.  3  is  an  end  elevational  view  of  the  showing  of 
Fig.  2; 
Fig.  4  is  a  plan  view  showing  the  termination  traces 
on  both  the  front  and  back  of  the  substrate  of  the 
resistor  of  Figs.  1-3; 
Fig.  5  is  a  plan  view  of  the  front  and  back  of  the 
resistor  after  application  of  resistive  film  thereto,  the 
film  being  schematically  represented  by  hatching; 
Fig.  6  is  a  plan  view  of  the  front  and  back  of  the 
resistor  after  application  of  overglaze  thereto,  the 
overglaze  being  schematically  represented  by  dif- 
ferent  hatching; 
Fig.  7  is  a  bottom  and  top  plan  view  of  the  showing 
of  Fig.  1  ,  illustrating  the  circuit  board  region  beneath 
the  balancing  resistor,  the  pins  being  unshown; 
Fig.  8  is  a  front  plan  view  showing  the  traces  of  a 
balancing  resistor  according  to  a  second  embodi- 
ment,  having  means  thereon  for  discontinuing  cur- 
rent  flow  when  a  second-level  adverse  condition  oc- 
curs; 
Fig.  9  is  a  front  plan  view  corresponding  to  Fig.  8 
and  showing  the  resistive  film; 
Fig.  10  is  a  front  plan  view  corresponding  to  Fig.  9 
and  also  showing  overglaze  and  circuit-breaking 
spring  means,  as  well  as  the  pins  and  (in  section) 
the  underlying  region  of  the  circuit  board,  the  heat- 
sinks  and  solder  being  unshown; 
Fig.  1  1  is  a  back  plan  view  showing  the  termination 
traces  on  the  back  of  the  resistor  of  Figs.  8-10; 
Fig.  12  is  a  back  plan  view  showing  showing  the 
resistive  film  on  the  back  of  such  resistor; 
Fig.  1  3  is  a  back  plan  view  showing  the  overglaze 
on  the  back  of  such  resistor,  this  being  the  rear  view 
of  Fig.  1  0  but  with  the  pins  and  circuit  board  portion 
being  unshown,  the  solder  being  unshown; 
Fig.  14  (sheet  1  of  drawings)  is  a  greatly  enlarged 
view,  partially  in  cross  section  and  partially  in  side 
elevation,  taken  on  line  14-14  of  Fig.  10;  and 
Fig.  15  (sheet  1  of  drawings)  isaviewcorresponding 
to  Fig.  14  but  showing  the  spring  in  its  position  as- 

sumed  after  interruption  of  the  circuit. 

The  first  example  is  claimed  specifically  in  Europe- 
an  application  EP-A-0  789  381  which  has  been  divided 

5  out  of  the  present  case.  The  first  example  is  shown  in 
Figs.  1  -7,  a  resistor  1  0  is  mounted  on  a  circuit  board  1  1  , 
the  latter  being  shown  only  in  small  part,  namely  that 
part  which  provides  the  mounting  region  for  the  resistor 
10.  The  circuit  board  has  not  only  resistor  10  but  also 

10  other  telephone  line-card  components  thereon;  all  to- 
gether  form  a  line  card  in  a  telephone  system.  Each  line 
card  conventionally  has  two  to  four  channels  therein, 
each  channel  being  connected  to  an  above-ground  or 
below-ground  subscriber  line. 

is  Figs.  4,  5  and  6  show  both  the  front  and  back  of  the 
substrate.  Fig.  7  shows  both  the  bottom  and  top  of  the 
underlying  circuit  board  region. 

As  shown  in  Figs.  2-7,  the  resistor  10  is  a  film-type 
resistor  having  an  elongate  rectangular  substrate  12 

20  that  is  so  constructed  and  related  as  to  fracture,  in  a 
certain  general  way,  when  subjected  to  predetermined 
thermal-shock  conditions,  as  set  forth  below. 

As  shown  in  Fig.  4,  a  pattern  of  termination  traces 
(metallization)  13  is  formed  on  both  the  front  and  back 

25  of  substrate  1  2.  The  traces  1  3  are,  for  example,  formed 
of  a  palladium-silver  composition  and  are  screen-print- 
ed  onto  the  substrate  and  then  fired. 

As  described  below,  there  are  two  resistive  films  on 
each  side  of  substrate  1  2.  The  two  films  on  one  half  (for 

30  example)  of  the  substrate  form  one  resistor;  the  two 
films  on  the  other  half  form  another  resistor.  Such  one 
and  such  other  resistor  are  balanced  (vis-a-vis  resist- 
ance  values)  relative  to  each  other,  normally  in  a  fifty- 
fifty  manner. 

35  For  such  a  resistor  network,  the  traces  1  3  preferably 
have  the  following  pattern:  two  lower  traces  14  in  axial 
alignment  and  separated  by  a  central  gap  1  5;  two  upper 
traces  16  in  axial  alignment  and  separated  by  a  central 
gap  1  7;  and  two  end  traces  1  8  connected  to  upper  trac- 

40  es  16  but  not  to  lower  traces  14.  End  traces  18  are 
spaced  a  relatively  short  distance  from  lower  traces  1  4, 
the  short  spacing  being  to  minimize  the  length  of  the 
substrate.  Traces  14,16  are  parallel  to  each  other  and 
to  the  upper  and  lower  edges  of  substrate  1  2,  while  end 

45  traces  18  are  parallel  to  each  other  and  to  the  ends  of 
the  substrate,  being  perpendicular  to  traces  14,16. 

The  trace  pattern  further  comprises  four  sets  of  dou- 
ble  pin  (solder)  pads.  Thus,  there  are  two  sets  of  outer 
pads  20,21  preferably  spaced  about  one  third  of  the  way 

so  from  the  substrate  ends  to  the  substrate  center.  There 
are  also  two  sets  of  inner  pads  22,23  that  are  spaced 
outwardly  from  the  substrate  center.  Thus,  the  inner 
ends  of  lower  traces  1  4  are  spaced  inwardly  from  inner 
pads  22,23.  The  two  pads  in  each  set  20,21  and  22,23 

55  are  spaced  from  each  other  and  connected  together  by 
a  trace  region  24.  The  pads  are  closely  adjacent  the  hor- 
izontal  lower  edge  of  substrate  1  2. 

Outer  pads  20,21  are  connected  by  trace  regions 

3 
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26  to  the  lower  ends  of  end  traces  1  8.  Inner  pads  22,23 
are  connected  by  trace  regions  27  to  lower  traces  14. 

Two  resistive  films  28,29  are  applied,  by  screen- 
printing,  to  each  side  of  substrate  1  2  and  in  identical  re- 
lationship  to  the  termination  traces  1  3,  as  shown  in  Fig. 
5.  Thus,  each  film  28,29  has  its  upper  and  lower  edges 
printed  over  traces  1  6  and  1  4,  respectively.  The  ends  of 
films  28,29  are  located  close  to  but  preferably  not  over 
opposite  ends  of  traces  1  4  and  1  6.  Films  28,29  are  elec- 
trically-conductive  complex  metal  oxides  in  a  glass  ma- 
trix. 

Referring  next  to  Fig.  6,  an  arc-preventing  and  en- 
vironmentally  protective  coating  31  is  provided  over 
both  sides  of  substrate  12  and  over  the  traces  and  re- 
sistive  films  thereon.  The  coating  is  not  applied  over  the 
pads  20-23,  or  (preferably)  to  the  spaces  between  ad- 
jacent  sets  20-21  and  22-23  of  pads.  The  composition 
and  thickness  of  coating  31  are  described  below. 

Pins  33-40,  inclusive,  are  respectively  connected  to 
the  pads  20-23  as  shown  in  Figs.  2  and  3,  there  being 
one  pin  (for  example,  pin  40  in  Fig.  2)  connected  to  two 
pads  on  directly-opposite  side  regions  of  substrate  12. 
Each  pin  has  an  elongate  shank  connected  integrally, 
at  a  shoulder,  to  jaws  41  that  grip  the  lower  edge  of  sub- 
strate  12.  For  example,  there  are  two  jaws  on  one  side 
of  the  substrate  and  one  jaw  on  the  other  side  thereof. 
The  shank  of  each  pin  is,  for  example,  0.25mm  (0.010 
inch)  front-to-back  and  0.5mm  (0.020  inch)  wide.  The 
pins  are  preferably  phosphor  bronze,  plated  and 
stamped. 

Proceeding  next  to  a  description  of  the  circuit  board 
11,  only  a  portion  of  which  is  shown  in  Figs.  1,  7  (and 
1  0),  this  is  a  conventional  epoxy  and  glass  board  having 
copper  traces  thereon  for  connection  of  many  compo- 
nents  (not  shown)  in  the  circuit.  In  the  preferred  embod- 
iment  of  the  present  combination,  board  11  not  only  has 
copper  traces  thereon  but  also  has  copper  heatsink  re- 
gions  43-46  on  both  sides  thereof  for  reception  of  pins 
33-40.  Referring  to  Figs.  1  and  7,  there  are  (in  the 
present  example)  four  heatsink  regions  43-46  on  each 
side  of  board  11,  each  region  on  the  top  of  the  board 
being  (preferably)  directly  in  registry  with  a  correspond- 
ing  region  on  the  bottom  side  thereof.  Eight  holes  47  are 
formed  in  regions  43-46,  there  being  two  holes  in  each 
region.  The  holes  47  are  through-hole  plated. 

The  heatsink  regions  43-46  are  formed  by  etching 
during  the  manufacture  of  the  board,  just  as  the  circuit 
traces  on  the  board  are  formed.  Soldermask  coatings 
48  are  formed  on  the  top  and  bottom  sides  of  the  board 
11. 

The  pins  are  inserted  into  the  respective  holes  47 
until  the  shoulders  at  the  bottoms  of  jaws  41  engage  the 
upper  board  surface.  Then,  solder  is  applied  at  each 
hole  47  to  solder  the  shanks  of  the  pins  therein.  Prefer- 
ably,  there  is  no  solder  present  except  adjacent  the  pin 
shanks,  the  heatsink  regions  43-46  being  covered  by 
the  soldermask  portions. 

Description  of  Method,  and  Further  Description  of 
Article,  First  Example  (Figs.  1-7) 

According  to  a  first  aspect  of  the  method  relative  to 
5  the  first  example,  a  substrate  12  is-intentionally-em- 

ployed  that  will  substantially  instantaneously  fracture, 
as  the  result  of  thermal  shock,  in  response  to  application 
of  a  high-voltage  overload  to  either  resistor  on  the  sub- 
strate,  or  to  both  resistors  thereon.  In  accordance  with 

10  a  second  aspect  of  the  method,  the  termination  traces, 
resistive  films,  and  other  factors  are  intentionally  caused 
to  be  such  that,  reliably,  the  thermal-shock  fractures  will 
break  the  circuits  substantially  instantaneously,  termi- 
nating  all  current  flow  with  little  or  no  arcing. 

is  It  is  to  be  understood  that  the  presently-described 
resistors  are  respectively  in  circuit  with  other  compo- 
nents  of  the  line  card,  so  that  breaking  of  the  circuit 
through  one  or  both  resistors  also  stops  current  flow  in 
respective  components  connected  to  these  resistors. 

20  Thus,  the  fracture  of  the  substrate  satisfies  the 
above-stated  third-level  adverse  condition.  When,  for 
example,  falling  of  a  high-voltage  power  line  on  the  tel- 
ephone  line  creates  an  instantaneous  high-voltage 
overload,  current  flow  is  terminated  so  fast  that  fine 

25  wires  in  the  telephone  circuit  will  not  melt. 
In  accordance  with  another  aspect  of  the  method, 

the  termination  traces  and  other  factors  are  caused  to 
be  such  that  the  instantaneous  thermal-shock  breakage 
occurs  at  predetermined  regions  of  substrate  12,  and 

30  not  at  other  regions  thereof.  This  not  only  reduces  debris 
but,  as  described  below  relative  to  the  second  embodi- 
ment,  assures  that  no  significant  length  of  metal  element 
will  fall  on  other  components  of  the  circuit  board  and 
tend  to  create  arcs  or  short  circuits. 

35  The  substrate  12  is  sufficiently  thin  to  instantane- 
ously  fracture  in  response  to  sudden  application  of  a 
high-voltage  (such  as  600  volts)  overload,  but  sufficient- 
ly  thick  to  satisfy  the  following  two  requirements:  (1  )  ef- 
fect  thermal  conduction  of  a  substantial  amount  of  heat 

40  through  the  substrate  from  the  resistive  films  28,29  to 
pins  33-40  and  thus  into  the  heatsink  regions  43-46,  and 
(2)  provide  sufficient  resistance  to  mechanical  breakage 
that  the  line  card  is  not  fragile. 

The  material  of  substrate  12  is  selected  to  satisfy 
45  the  above-stated  criteria.  Very  preferably,  it  is  a  ceramic. 

The  preferred  ceramic  is  aluminum  oxide.  More  specif- 
ically,  it  is  preferably  96%  aluminum  oxide,  (available  as 
No.  ADS  96R,  from  Coors  Ceramics  Co.  of  Grand  Junc- 
tion,  Colorado). 

so  The  preferred  thickness  of  the  substrate  is  about 
0.1mm  (0.040  inch). 

Referring  to  Fig.  1  ,  it  is  pointed  out  that  the  upper- 
outer  regions  of  the  substrate  and  films  thereon  are  not 
present.  These  regions  have  broken  away  as  a  result  of 

55  the  thermal  shockfracture.  Referring  to  Fig.  4,  it  is  point- 
ed  out  that—  in  the  preferred  embodiment  of  the  present 
method-current  is  conducted  to  the  upper  traces  16  by 
traces  1  8  located  at  the  ends  of  substrate  1  2.  Such  flow 

4 
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is  through  pads  20,21  and  trace  regions  26.  The  current 
flows  through  the  films  28,29  and  through  trace  regions 
14  and  27  to  the  remaining  pads  22,23  and  thus  to  the 
circuit  board. 

By  causing  the  traces  1  8  to  be  at  the  outer  ends  of 
the  substrate,  it  is  assured  that  breakage  will  be  at  the 
upper-outer  corners  and  that  the  traces  1  8  will  break  and 
thus  interrupt  the  circuits  through  components  respec- 
tively  connected  to  the  resistors.  (As  noted  above,  the 
overload  may  be  applied  to  only  one  of  the  resistors,  on 
only  one  half  of  the  substrate  1  2,  in  which  case  only  one 
of  the  traces  18  will  break.) 

Referring  again  to  Fig.  1,  it  is  pointed  out  that  the 
central  region  of  the  substrate,  and  all  the  lower  edge  of 
the  substrate,  are  intact.  This  is  the  typical  condition  re- 
sulting  from  the  present  method  and  apparatus. 

It  is  emphasized  that  the  thermal-shock  fracture  of 
the  present  resistor  is  intentional,  being  for  the  com- 
bined  purposes  of  (1)  preventing  damage  to  other  ele- 
ments  of  the  telephone  system  and  (2)  eliminating  the 
need  for  a  separate  component  or  circuit  adapted  to  pro- 
tect  against  instantaneously-applied  high  voltages. 

Resistors  have  "exploded"  for  years  due  to  thermal 
shock  caused  by  power  overload,  and  this  was  generally 
regarded  as  undesirable.  Here,  on  the  other  hand,  ap- 
plicant  is  creating  controlled  conditions  such  that  a  pre- 
determined  desired  type  of  "failure"  will  occur  and  create 
a  beneficial  result.  The  resistive  film  and  termination 
traces  are  so  shaped  and  correlated  as  to  create  the 
necessary  stress  pattern.  The  resistive  film  is  made 
such  that  application  of  the  voltage  being  guarded 
against  will  generate  enough  power  and  heat  to  fracture 
the  substrate.  Conjointly,  the  substrate  is  caused  to 
have  such  composition,  and  physical  shape,  that  it  will 
properly  fracture  when  the  heating  occurs. 

The  breaking  of  the  termination  traces  1  8  as  the  re- 
sult  of  the  thermal-shock  fracture  creates  momentary 
arcing  and  ionization  at  the  points  where  such  traces 
initially  break.  Although  the  arcing  is  only  of  short  dura- 
tion,  since  the  corners  of  the  substrate  1  2  fall  away,  the 
air  is  ionized  in  the  surrounding  regions.  This  increases 
greatly  the  tendency  toward  arcing  at  regions  of  the  cir- 
cuit  where  the  voltage  differential  is  greatest.  It  is  an  ad- 
ditional  aspect  of  the  present  method  to  provide  the 
coating  31,  to  prevent  arcing  between  such  high  volt- 
age-differential  regions  despite  the  ionized  air  thereat. 

As  shown  in  Figs.  4-6,  there  is  a  relatively  small  gap 
G  between  the  outer  ends  of  lower  traces  14  and  the 
lower  regions  of  end  traces  18.  The  gap  G  is  caused  to 
be  small  in  width  because  every  increment  that  it  is  en- 
larged  increases  the  length  of  substrate  12  by  two  in- 
crements,  in  the  present  double  resistor.  Preferably,  the 
width  of  each  trace  18  opposite  trace  14  is  somewhat 
narrower  than  is  the  width  of  each  trace  18  at  regions 
spaced  above  traces  14.  This  increases  gap  G  without 
lengthening  the  substrate  and  thus  the  entire  resistor, 
but  there  are  severe  limits  relative  to  increasing  gap  G 
in  this  manner. 

An  additional  aspect  comprises  providing  the  arc- 
resisting  coating  31  on  the  resistor,  at  least  at  regions 
over  and  relatively  near  the  gaps  G,  and  preferably  at 
all  regions  except  the  pads  20-23  and  substrate  regions 

5  between  such  pads  (Fig.  6). 
Stated  more  specifically,  the  arc-preventing  coat- 

ing-and  which  is  additionally  an  environmentally-pro- 
tective  coating-31  is  a  glass  layer  having  a  thickness 
correlated  to  the  width  of  gap  G.  Where  the  gap  G  is  to 

10  be  small  for  minimized  resistor  size,  the  glass  coating  is 
made  thick.  On  the  other  hand,  where  the  size  of  the 
substrate  is  not  such  that  each  gap  G  must  be  small,  the 
thickness  of  the  glass  coating  31  is  made  less  in  order 
to  minimize  cost. 

is  To  state  specific  examples,  a  25u.m  (0.001  inch)- 
thick  layer  of  glass  has  been  found  to  substantially  com- 
pletely  protect  against  failures  (for  a  600  volt  suddenly- 
applied  test  voltage)  when  the  gap  is  0.8mm  (0.032  inch) 
wide.  When  the  deposited  glass  is  20u.m  (0.  0008  inch) 

20  in  thickness,  there  are  some  failures  for  the  same  gap 
width.  For  a  glass  deposit  15u.m  (0.0006  inch)  thick, 
there  are  a  substantial  number  of  failures  for  a  gap  of 
the  specified  width.  Therefore,  for  such  a  gap  applicant 
employs  a  glass  deposit  31  having  a  thickness  of  25u.m 

25  (0.001  inch). 
The  glass  is  screen  printed  onto  the  substrate 

above  the  traces  and  above  the  resistive  films,  as  stated 
above.  Glass  frit,  having  a  relatively  low  melting  point, 
is  screen-printed  onto  the  region  shown  in  Fig.  6,  follow- 

so  ing  which  the  part  is  fired  in  order  to  fuse  the  glass  par- 
ticles. 

It  is  important  that  the  glass  not  degrade  the  resis- 
tive  films  28,29.  For  resistive  films  that  are  fired  at  tem- 
peratures  of  800  degrees  C  and  above,  the  glass  frit  is 

35  caused  to  have  a  melting  point  slightly  below  500  de- 
grees  C.  Thus  the  firing  in  order  to  fuse  the  layers  31  is 
at  500  degrees  C. 

The  resistor  1  0  of  the  first  embodiment  will  also  sat- 
isfy  the  above-stated  first  level  of  adverse  conditions, 

40  namely  that  the  resistor  will  survive  and  operate  properly 
under  adverse  conditions,  such  as  those  created  by 
lightning  transients.  This  is  because  of  reasons  includ- 
ing  the  good  heat  transfer  characteristics  from  the  resis- 
tor  10  to  the  circuit  board  and  outwardly  from  the  pins 

45  33-40.  This,  however,  is  described  below  relative  to  the 
second  embodiment  of  the  invention. 

Resistor  Combination  and  Method  of  the  Invention, 
Figs.  7-15.  Inclusive. 

50 
An  exemplary  length  for  the  above-described  resis- 

tor  10  is  46mm  (1.8  inches).  By  making  it  (for  example) 
2  inches  (50mm)  long,  namely  by  adding  4mm  (0.2  inch) 
to  the  length  of  the  substrate,  the  resistor  combination 

55  is  made  to  satisfy  all  three  of  the  levels  of  adverse  con- 
ditions.  This  eliminates  the  need  for  a  separate  thermal 
cutoff  element  in  order  to  satisfy  the  second  level. 

The  front  side  and  back  side  of  the  above-described 

50 

55 

5 



9 EP  0  507  465  B1 10 

resistor  of  Figs.  1-6  are  preferably  identical,  as  previ- 
ously  stated.  In  the  resistor  of  the  second  embodiment, 
the  front  and  back  sides  are  normally  not  identical  to 
each  other  and  thus,  relative  to  some  regions  thereof, 
are  separately  described.  With  the  major  exceptions 
stated  below,  the  resistor  (and  circuit  board)  of  this  em- 
bodiment  is  identical  to  resistor  10  of  the  embodiment 
already  described.  The  same  elements  in  both  are  given 
the  same  reference  numerals,  except  followed  in  each 
instance  by  the  letter  "a". 

The  resistor  combination  of  the  embodiment  is 
numbered  51  (Fig.  10).  Referring  to  Fig.  8  (front  view) 
and  Fig.  11  (back  view),  the  substrate  12a  has  upper 
traces  16a  and  end  traces  18a  as  well  as  lower  traces 
1  4a.  The  inner  ends  of  traces  1  6a  and  1  4a  on  each  half 
of  the  resistor  are  spaced  further  apart  than  is  the  case 
relative  to  the  resistor  of  the  first  embodiment.  On  both 
sides  of  the  resistor,  trace  sections  52  connect  to  the 
inner  ends  of  lower  traces  14a  and  extend  upwardly  and 
inwardly  to  pads  53,  respectively.  The  two  pads  53  on 
each  side  of  the  substrate  are  spaced  apart,  and  are 
adjacent  the  upper  edge  of  substrate  12a.  Adjacent  the 
bottom  edge  of  the  substrate,  on  only  the  front  of  the 
resistor,  are  pads  54  (Fig.  8).  Such  pads  54  are  respec- 
tively  directly  below  the  pads  53  on  the  substrate  front. 

Pads  56-63  (Fig.  8)  are  provided  along  the  bottom 
edge  of  substrate  1  2a,  the  pads  56-59  on  one  half  of  the 
substrate  12a  being,  respectively,  the  mirror  images  of 
the  pads  60-63  on  the  other  half  of  the  substrate.  Pads 
56  and  60  are  respectively  connected  to  trace  regions 
26a  and  thus  through  end  traces  18a  to  upper  traces 
16a.  Trace  portions  64  and  65  respectively  connect 
pads  56,57  and  pads  60  and  61  together. 

Pad  56  is  spaced  a  substantial  distance  from  the 
end  of  the  substrate  and  from  the  next  pad  57.  Corre- 
spondingly,  pad  60  is  spaced  a  substantial  distance  from 
the  end  of  the  resistor  and  from  pad  61.  On  the  other 
hand,  pads  58,59  are  quite  close  to  each  other,  as  are 
pads  62,63.  The  pad  pair  58,59  is  close  to  the  inner  end 
portion  of  trace  1  4a,  which  inner  end  portion  is  relatively 
wide  as  shown.  Correspondingly,  the  pad  pair  62,63  is 
relatively  close  to  the  inner  end  of  the  right  lower  trace 
1  4a,  which  inner  end  portion  is  relatively  wide  as  shown. 

Trace  region  66  connects  together  the  pads  58,59; 
trace  region  67  connects  together  pads  62,63.  Trace  re- 
gion  68  connects  pad  59  to  pad  54,  while  trace  region 
69  connects  pad  63  to  the  other  pad  54. 

There  are  no  pads  54  or  trace  regions  68  or  69  on 
the  back  of  the  substrate  (Fig.  11).  Elements  56,  64,  57, 
58,  66,  59,  63,  67,  62,  61  ,  65  and  60  have  corresponding 
elements  on  the  back  of  the  substrate,  and  these  are 
given  the  same  reference  numerals  except  followed  in 
each  instance  by  the  letter  "b". 

Resistive  films  28a  and  29a  are  applied  between 
the  upper  and  lower  termination  strips  16a  and  14a,  as 
shown  in  Figs.  9  and  1  2.  A  layer  of  overglaze  31  a,  Figs. 
10  and  13,  is  applied  over  each  side  of  each  resistor, 
except  (in  the  example)  at  the  various  pads  and  except 

between  pads  57-58  and  61-62  (and  57a-58a  and  61a- 
62a). 

The  Spring-Wire  Cutoff 
5 

An  electrically  conductive  spring  wire  71  is  soldered 
between  the  pads  53,54  on  the  front  of  the  left  resistor 
(Fig.  1  0).  An  electrically  conductive  spring  wire  72  is  sol- 
dered  between  pads  53,54  on  the  front  of  the  right  re- 

10  sistor.  Each  wire  71,72  is  not  in  its  free  condition  but 
instead  is  in  stressed  or  flexed  condition,  the  relation- 
ships  being  such  that  the  lower  end  of  each  wire  will 
spring  away  from  its  pad  54  in  response  to  melting  of 
the  solder  at  such  pad.  (The  solder  is  not  shown  in  Figs. 

is  1  0  or  1  3,  but  is  shown  in  Figs.  1  4  and  1  5,  first  sheet  of 
drawings.) 

The  upper  ends  of  spring  wires  71,72  are  bent  in 
hairpin  relationship  around  the  upper  edge  of  substrate 
1  2a,  and  are  soldered  to  the  pads  53  on  the  back  of  the 

20  substrate  (Figs.  1  3  and  1  4).  Thus,  the  relationships  are 
such  that  current  flow  from  both  resistive  films  28a-on 
the  front  and  back  of  the  substrate  12a-flows  through 
traces  52  and  thence  through  the  spring  wire  71  to  pad 
54  and  its  associated  pins.  The  same  current  flow  pat- 

25  tern  occurs-in  mirror-image  relationship  to  that  just  de- 
scribed-relative  to  the  films  29a,  the  current  flowing  in 
series  through  spring  wire  72. 

The  lower  end  of  each  wire  71  ,72,  at  its  associated 
pad  54,  is  bent  ("kinked")  in  semi-circular  relationship 

30  so  as  to  increase  the  amount  of  wire  metal  associated 
with  the  solder  on  each  pad  54,  reference  being  made 
to  Fig.  10. 

Referring  next  to  Figs.  14  and  15  (first  sheet  of 
drawings),  these  show  spring  71  in  two  positions;  it  is  to 

35  be  understood  that  the  same  views  apply  also  to  spring 
72  and  its  associated  attachments.  Spring  71  has  a  ll- 
shaped  upper  end  71a  the  arms  of  which  seat  (due  to 
spring  bias)  against  pads  53  on  directly-opposite  sides 
of  substrate  12a.  Such  arms  are  secured  to  such  pads 

40  by  solder  74,75. 
Below  solder  74,  which  is  on  the  front  side  of  sub- 

strate  12a,  spring  71  is  bent  along  a  flex  region  71b, 
which  is  under  stress  tending  to  spring  it  to  the  position 
of  Fig.  15.  When  in  normal  position,  Fig.  14,  the  lower 

45  end  of  portion  71b  is  secured  to  pad  54  by  solder  76, 
the  latter  being  associated  with  the  kink  73  shown  in  Fig. 
10. 

Eight  pins  77-84  are  connected,  at  their  jaws,  to  the 
respective  pads  56-59,  63,  62,  61  and  60.  As  described 

so  relative  to  the  first  example,  these  pins  are  passed 
through  and  soldered  in  through-hole  plated  holes  in  cir- 
cuit  board  1  1  a  (Fig.  1  0).  Around  the  holes  on  both  sides 
of  the  board  are  heatsink  regions  corresponding  to 
those  described  above,  except  for  location.  There  are 

55  two  heatsinks,  directly  opposite  each  other  at  each  pin 
or  pair  of  pins,  as  shown  in  Fig.  7  except  for  the  spacing 
of  the  pin  holes  to  correspond  to  and  receive  the  pins 
shown  in  Fig.  10. 

6 
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The  material  employed  by  applicant  for  the  spring 
wires  71  ,72  is  stainless  steel,  17-7  PH,  condition  C.  The 
diameter  of  each  wire  is  0.3mm  (0.012  inch).  The  pre- 
ferred  range  of  diameters  for  the  spring  wires  71,72  is 
about  0.125mm  (0.005  inch)  to  about  0.5mm  (0.020 
inch). 

Each  spring  wire  is  silver  plated.  The  solder  em- 
ployed  at  pads  54  on  the  front  side  of  the  substrate  1  2a, 
and  preferably  also  at  all  other  pads  on  the  substrate,  is 
96.5%  tin  and  3.5%  silver.  The  melting  point  of  this  eu- 
tectic  is  221  degrees  C. 

The  solder  which  connects  the  pins  to  the  circuit 
board  I  la  is  63%  tin-37%  lead,  which  melts  at  183  de- 
grees  C,  namely  38  degrees  C  lower  than  the  melting 
point  of  the  specified  tin-silver  solder. 

In  accordance  with  one  aspect  of  the  present  meth- 
od  and  apparatus,  although  the  melting  point  of  the  sol- 
der  on  the  substrate  is  distinctly  higher  than  that  of  the 
solder  that  connects  the  pins  to  the  circuit  board,  the 
latter  solder  does  not  melt  until  (if  at  all)  after  solder  76 
(Figs.  14  and  15)  melts  to  release  the  springs  71  ,72  from 
the  Fig.  1  4  position  to  the  open-circuit  Fig.  1  5  position. 

Because  of  the  close  proximity  of  pads  58,59  and 
54,  and  62,63  and  54,  to  the  lower-inner  corners  of  re- 
sistive  films  28a  and  29a,  these  pads  and  the  solder 
thereon  become  relatively  hot.  This  is  especially  true 
since  the  substrate  1  2a  is  a  relatively  good  thermal  con- 
ductor  (for  a  ceramic)  and  conducts  heat  from  the  corner 
regions  of  the  resistive  films  to  the  specified  pads.  Much 
of  this  heat  is  dissipated  not  only  into  the  circulating  air 
in  the  chamber  containing  the  line  card,  but  (importantly) 
down  the  pins  79,80  and  81,82  to  the  circuit  board  Ha 
and  the  copper  heatsinks  thereon  on  both  sides  thereof. 

The  distinct  thermal  gradients  down  such  pins,  and 
through  the  heatsinks  away  from  the  pin  portions  in  the 
circuit,  are  such  that  the  conventional  solder  at  the  cir- 
cuit  board  does  not  melt  before  the  springs  71,  and/or 
72,  release  or  "trip". 

Additional  Disclosure  and  Discussion 

The  same  thermal-gradient  action,  with  tempera- 
ture  decreasing  shown  down  the  pins  from  the  pads  to 
the  circuit  board,  is  also  present  in  the  first  described 
example,  and  makes  both  better  are  able  to  withstand 
the  first  level  of  adverse  conditions. 

The  present  embodiment  also  withstands  the  sec- 
ond  level  of  adverse  conditions,  because  the  springs 
(one  or  both)  trip  and  discontinue  current  flow  to  thus 
protect  the  board  and  ensure  that  it  does  not  burn.  To 
again  adapt  the  line  card  for  operation,  the  technician 
replaces  the  present  resistor  combination  with  one  iden- 
tical  to  it. 

Relative  to  the  third  level,  instantaneous  high-volt- 
age  overload,  the  springs  71  ,72  do  not  trip.  Instead,  the 
upper  regions  of  the  substrate  1  2a  fracture  away  due  to 
thermal  shock.  The  pattern  may  be,  for  example,  similar 
to  that  shown  in  Fig.  1.  The  central  region  of  the  sub- 

strate  12a  does  not  break;  thus,  the  springs  71,72  and 
their  associated  elements  do  not  fall  onto  other  portions 
of  the  board  and  possibly  create  arcs. 

To  manufacture  the  resistor  combination  of  the 
5  present  embodiment,  the  pins  71  -84,  which  are  all  con- 

nected  to  a  tie  bar  (not  shown),  at  the  jaws  of  such  pins 
are  mounted  over  the  bottom  edge  of  substrate  12a  at 
the  respective  pads.  The  lower  portions  of  spring  wires 
71  ,72  are  initially  much  longer  than  shown,  and  project 

10  downwardly  from  the  substrate  to  regions  behind  the  tie 
bar.  Thus,  the  tie  bar  holds  the  spring  regions  in  contact 
with  pads  54,  the  springs  then  being  in  the  flexed  rela- 
tionship  of  Fig.  14. 

Then,  the  assembly  is  dipped  into  a  molten  bath  of 
is  the  specified  solder  or  (less  preferably)  another  solder, 

to  simultaneously  secure  all  of  the  jaws  to  the  respective 
pads  and  to  secure  the  springs  to  pads  54.  The  spring 
portions  adjacent  upper  pads  53  may  be  soldered  in  a 
separate  dipping  operation  conducted  later,  or  at  the 

20  same  time  by  dipping  the  entire  resistor  into  the  solder 
bath.  Thereafter,  the  tie  bars  and  the  projecting  spring 
regions  are  cut  off. 

Exemplary  resistors  embodying  the  present  inven- 
tion  have  a  value  of  fifty  ohms,  that  is  to  say  a  total  of 

25  fifty  ohms  on  each  side  of  the  center  of  the  substrate. 
Such  50-ohm  resistors  have  a  rating  of  3.125  watts 
each,  with  application  of  12.5  volts,  and  operate  contin- 
uously  up  to  85  degrees  C  ambient  temperature  in  the 
chamber  containing  the  line  cards.  Above  85  degrees 

30  c,  the  combination  of  ambient  temperature  and  the  tem- 
perature  generated  by  the  resistors  at  the  lower  ends  of 
springs  71  ,72  causes  the  springs  71  ,72  to  trip  and  dis- 
continue  current  flow. 

It  is  to  be  understood  that,  with  film  resistors  having 
35  certain  ohm  values,  there  may  be  films  on  only  one  side 

of  the  subtrate  instead  of  both  sides  thereof. 

Claims 
40 

1.  A  telephone  resistor  (10)  adapted  to  break  a  tele- 
phone  circuit  in  response  to  two  types  of  overload 
conditions,  said  resistor  comprising: 

45  (a)  a  thin  substrate  (12)  having  front  and  back 
flat  surfaces; 
(b)  a  resistive  film  (28,29)  provided  on  said  sub- 
strate  (12); 
(c)  terminal  means  (14,  16,  18,  20,  22,  24,  27) 

so  for  said  film,  to  connect  the  same  in  a  telephone 
circuit,  said  substrate  (12)  being  adapted  to 
thermal  shock  fracture,  and  break  said  circuit 
through  said  film,  in  response  to  sudden  appli- 
cation  of  a  voltage  overload  to  said  terminal 

55  means,  said  breakage  being  so  fast  that  fine 
wires  in  the  telephone  circuit  will  not  be  dam- 
aged,  and 
(d)  heat  responsive  breaker  means  (71,  72) 

25 

30 
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mounted  on  said  substrate  (12)  and  connected  Pi 
in  said  circuit  to  break  said  circuit  through  said 
film  in  response  to  a  protracted  current  over-  1. 
load. 

5 
2.  A  telephone  resistor  according  to  claim  1  ,  in  which 

resistive  films  (28,  29)  are  provided  on  the  front  and 
back  of  the  substrate  (12),  in  which  said  heat  re- 
sponsive  breaker  means  is  an  elongate  electrically 
conductive  spring  element  (71  ,72)  mounted  on  the  10 
substrate  (12)  and  in  circuit  with  both  of  the  films 
(28,  29)  the  spring  element  (71,72)  being  under 
stressed  condition  such  that  one  end  (73)  thereof 
constantly  attempts  to  spring  away  from  the  sub- 
strate  (12),  and  solder  (76)  to  hold  such  one  end  15 
(73)  in  place  on  the  substrate  (12)  despite  such 
stressed  condition  of  the  spring  element  (71,  72), 
the  solder  (76)  being  adapted  to  melt  in  response 
to  overheating  of  the  resistive  films  (28,29),  and 
thus  permit  separation  therefrom  of  such  one  end  20 
(73)  so  that  the  circuit  through  the  films  is  broken 
and  the  films  (28,29)  and  any  other  elements  in  the 
circuit  are  protected. 

3.  A  telephone  resistor  according  to  claim  2,  in  which  25 
the  spring  element  is  a  spring  wire  (71,  72)  having 
a  hook  end  (71a),  the  hook  end  (71a)  extending 
around  an  edge  of  the  substrate  (12),  and  the  solder 
(76)  connects  to  the  substrate  (12)  the  end  (73)  of  2. 
the  spring  wire  that  is  remote  from  the  hook  end  30 
(71a). 

4.  A  telephone  resistor  according  to  claim  1  ,  in  which 
said  heat  responsive  breaker  means  is  an  elongate 
electrically  conductive  spring  element  (71,72)  35 
mounted  on  the  substrate  (12)  and  in  circuit  with  the 
film  (28,29),  the  spring  element  (71  ,  72)  being  under 
stressed  condition  such  that  one  end  (73)  thereof 
constantly  attempts  to  spring  away  from  the  sub- 
strate  (12),  and  solder  (76)  to  hold  such  one  end  40 
(75)  in  place  on  the  substrate  despite  such  stressed 
condition  of  the  spring  element,  the  solder  (76)  be- 
ing  adapted  to  melt  in  response  to  overheating  of 
the  resistive  film  (28,  29),  and  thus  permit  separa- 
tion  therefrom  of  such  one  end  (73)  so  that  the  cir-  45 
cuit  through  the  film  (28,  29)  is  broken  and  the  film 
(28,  29)  and  any  other  elements  in  the  circuit  are 
protected,  the  spring  element  (71,  72)  having  a 
hook  end  (71a),  the  hook  end  (71a)  extending 
around  an  edge  of  the  substrate  (12),  the  solder  (76)  so  3. 
connecting  to  the  substrate  (1  2)  the  end  (73)  of  the 
spring  element  (71  ,  72)  that  is  remote  from  the  hook 
end  (71a). 

5.  A  telephone  resistor  according  to  any  of  the  preced-  55 
ing  claims,  in  which  said  voltage  overload  is  600 
volts. 

Telefonwiderstand  (10),  der  imstande  ist,  eine  Tele- 
fonleitung  zu  unterbrechen,  ansprechend  auf  zwei 
Arten  von  Uberlastungszustanden,  wobei  der  Wi- 
derstand  folgendes  umfaBt: 

(a)  ein  dunnes  Substrat  (12),  das  eine  ebene 
vordere  und  hintere  Flache  besitzt; 
(b)  einen  Widerstandsfilm  (28,29),  der  auf  dem 
Substrat  (12)  vorgesehen  ist; 
(c)  AnschluBmittel  (14,16,18,20,22,24,27)  fur 
diesen  Film,  urn  denselben  mit  einer  Fern- 
sprechleitung  zu  ver-  binden,  wobei  das  Sub- 
strat  fur  thermischen  StoBbruch  ausgelegt  ist, 
urn  die  Leitung  durch  den  Film  zu  unterbre- 
chen,  ansprechend  auf  das  plotzliche  Anlegen 
einer  Spannungsuberlastung  an  die 
AnschluBmittel,  wobei  der  Bruch  so  schnell  auf- 
tritt,  dal3  dunne  Drahte  in  der  Telefonleitung 
nicht  beschadigt  werden,  und 
(d)  auf  Warme  ansprechende  Unterbrechungs- 
mittel  (71,72),  die  auf  dem  Substrat  (12)  befe- 
stigt  und  mit  der  Leitung  verbunden  sind,  urn 
die  Leitung  durch  den  Film  ansprechend  auf  ei- 
ne  fortgesetzte  Stromuberlastung  zu  unterbre- 
chen. 

Telefonwiderstand  nach  Anspruch  1  ,  bei  dem  Wi- 
derstandsfilme  (28,29)  auf  der  vorderen  und  hinte- 
ren  Seite  des  Substrats  (12)  vorgesehen  sind,  und 
wobei  das  auf  Warme  ansprechende  Unterbre- 
chungsmittel  ein  langliches,  elektrisch  leitendes  Fe- 
derelement  (71  ,72)  darstellt,  das  auf  dem  Substrat 
(12)  befestigt  und  in  der  Leitung  mit  beiden  der  Fil- 
me  (28,29)  unter  Belastungszustand  derart  steht, 
dal3  deren  eines  Ende  (73)  konstant  versucht,  vom 
Substrat  abzuspringen,  und  wobei  ein  Lotmittel  (76) 
dieses  eine  Ende  (73)  an  Ort  und  Stelle  auf  dem 
Substrat  (12)  trotz  solchen  Belastungszustandes 
des  Federelementes  (71,72)  halt,  und  wobei  das 
Lotmittel  (76)  ausgelegt  ist,  ansprechend  auf  eine 
Uberhitzung  der  Widerstandsfilme  (28,29)  zu 
schmelzen,  und  so  die  Trennung  dieses  einen  En- 
des  (73)  davon  ermoglicht,  so  dal3  die  Leitung  durch 
die  Filme  unterbrochen  wird  und  die  Filme  (28,29) 
und  jegliche  anderen  Elemente  in  der  Leitung  bzw. 
der  Schaltung  geschutzt  werden. 

Telefonwiderstand  nach  Anspruch  2,  bei  dem  das 
Federelement  ein  Federdraht  (71  ,72)  ist,  der  ein  ha- 
kenformiges  Ende  (71a)  besitzt,  und  wobei  sich  das 
hakenformige  Ende  (71a)  urn  eine  Ecke  des  Sub- 
strats  (12)  herum  erstreckt,  und  wobei  das  Lotmittel 
(76)  das  Ende  (73)  des  Federdrahtes  mit  dem  Sub- 
strat  (12)  verbindet,  das  vom  hakenformigen  Ende 
(71a)  entfernt  ist. 
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4.  Telefonwiderstand  nach  Anspruch  1  ,  bei  dem  das 
auf  Warme  ansprechende  Unterbrechungsmittel 
ein  langliches,  elektrisch  leitendes  Federelement 
(71  ,72)  ist,  das  auf  dem  Substrat  (12)  befestigt  und 
in  Leitung  mit  dem  Film  (28,29)  ist,  wobei  das  Fe- 
derelement  (71,72)  unter  einem  Belastungszu- 
stand  derart  steht,  dal3  sein  eines  Ende  (73)  kon- 
stant  versucht,  vom  Substrat  (12)  abzuspringen, 
und  wobei  Lotmittel  (76)  dieses  eine  Ende  (75)  an 
Ort  und  Stelle  am  Substrat  trotz  solchen  Bela- 
stungszustandes  des  Federelements  halt,  und  wo- 
bei  Lotmittel  (76)  ausgelegt  ist,  urn  ansprechend  auf 
eine  Uberhitzung  des  Widerstandsfilms  (28,29)  zu 
schmelzen  und  so  die  Trennung  solchen  Endes 
(73)  davon  gestattet,  so  dal3  die  Leitung  durch  den 
Film  (28,29)  unterbrochen  wird  und  der  Film  (28,29) 
und  jegliche  anderen  Elemente  in  der  Leitung  ge- 
schutzt  werden,  und  wobei  das  Federelement 
(71,72)  ein  hakenformiges  Ende  (71a)  besitzt,  und 
wobei  sich  das  hakenformige  Ende  (71a)  urn  eine 
Kante  des  Substrats  (12)  erstreckt,  und  das  Lotmit- 
tel  das  Ende  (73)  des  Federelements  (71,72)  mit 
dem  Substrat  (12)  verbindet,  welches  vom  haken- 
formigen  Ende  (71a)  entfernt  ist. 

5.  Telefonwiderstand  nach  irgendeinem  der  vorste- 
henden  Anspruche,  dadurch  gekennzeichnet,  dal3 
die  Spannungsuberlastung  600  Volt  betragt. 

Revendications 

1.  Resistance  pour  telephone  (10)  concue  pour  inter- 
rompre  un  circuit  telephonique  en  reponse  a  deux 
types  d'etats  de  surcharge,  ladite  resistance 
comprenant  : 

(a)  substrat  mince  (12)  ayant  des  surfaces  pla- 
tes  de  recto  et  de  verso  ; 
(b)  un  film  resistif  (28,  29)  dispose  sur  ledit 
substrat  (12); 
(c)  des  moyens  formant  bornes  (14,  16,  1  8,  20, 
22,  24,  27)  pour  ledit  film,  pour  connecter  celui- 
ci  a  un  circuit  telephonique,  ledit  substrat  (12) 
etant  concu  pour  se  briser  sous  un  choc  ther- 
mique,  et  pour  couper  ledit  circuit  passant  dans 
ledit  film,  en  reponse  a  I'application  soudaine 
d'une  surcharge  de  tension  auxdits  moyens  for- 
mant  bornes,  ladite  coupure  etant  si  rapide  que 
des  fils  fins  dans  le  circuit  telephonique  ne  se- 
ront  pas  endommages  ;  et 
(d)  un  moyen  (71,  72)  formant  coupe-circuit 
sensible  a  la  chaleur  monte  sur  ledit  substrat 
(12)  et  connecte  dans  ledit  circuit  pour  couper 
ledit  circuit  passant  dans  ledit  film  en  reponse 
a  une  surcharge  d'intensite  prolongee. 

2.  Resistance  pour  telephone  selon  la  revendication 

1,  dans  laquelle  il  est  prevu  des  films  resistifs  (28, 
29)  sur  le  recto  et  le  verso  du  substrat  (12),  dans 
laquelle  ledit  moyen  formant  coupe-circuit  sensible 
a  la  chaleur  est  un  element  formant  ressort  (71  ,  72) 

5  allonge  conducteur  de  I'electricite  monte  sur  le 
substrat  (12)  et  en  circuit  avec  les  deux  films  (28, 
29),  I'element  formant  ressort  (71  ,  72)  etant  a  I'etat 
contraint  de  facon  que  I'une  de  ses  extremites  (73) 
tende  constamment  a  s'ecarter  par  effet  de  ressort 

10  du  substrat  (1  2),  et  de  la  soudure  (76)  pour  mainte- 
nir  cette  extremite  (73)  en  place  sur  le  substrat  (1  2) 
malgre  un  tel  etat  contraint  de  I'element  formant  res- 
sort  (71  ,  72),  la  soudure  (76)  etant  concue  pourfon- 
dre  en  reponse  a  la  surchauffe  des  films  resistifs 

is  (28,  29),  et  pour  permettre  ainsi  d'en  separer  cette 
extremite  (73)  de  facon  a  couper  le  circuit  passant 
par  les  films  et  a  proteger  les  films  (28,  29)  et  tous 
les  autres  elements  du  circuit. 

20  3.  Resistance  pour  telephone  selon  la  revendication 
2,  dans  laquelle  I'element  formant  ressort  est  un  fil 
de  ressort  (71  ,  72)  possedant  une  extremite  en  cro- 
chet  (71a),  I'extremite  en  crochet  (71a)  s'etendant 
autour  d'un  bord  du  substrat  (12),  et  dans  laquelle 

25  la  soudure  (76)  relie  au  substrat  (1  2)  I'extremite  (73) 
du  fil  de  ressort  qui  est  distante  de  I'extremite  en 
crochet  (71a). 

4.  Resistance  pour  telephone  selon  la  revendication 
30  1,  dans  laquelle  ledit  moyen  formant  coupe-circuit 

sensible  a  la  chaleur  est  un  element  formant  ressort 
(71,  72)  allonge  conducteur  de  I'electricite  monte 
sur  le  substrat  (1  2)  et  en  circuit  avec  le  film  (28,29), 
I'element  formant  ressort  (71  ,  72)  etant  a  I'etat  con- 

35  traint,  de  facon  que  I'une  de  ses  extremites  (73)  ten- 
de  constamment  a  s'ecarter  par  effet  de  ressort  du 
substrat  (12),  et  de  la  soudure  (76)  pour  maintenir 
cette  extremite  (75)  en  place  sur  le  substrat  (12) 
malgre  un  tel  etat  contraint  de  I'element  formant  res- 

40  sort,  la  soudure  (76)  etant  concue  pour  fondre  en 
reponse  a  la  surchauffe  du  film  resistif  (28,  29),  et 
pour  permettre  ainsi  d'en  separer  cette  extremite 
(73)  de  facon  a  couper  le  circuit  passant  par  le  film 
et  a  proteger  le  film  (28,  29)  et  tous  les  autres  ele- 

45  ments  du  circuit,  I'element  formant  ressort  (71  ,  72) 
possedant  une  extremite  en  crochet  (71a),  I'extre- 
mite  en  crochet  (71a)  s'etendant  autour  d'un  bord 
du  substrat  (1  2),  la  soudure  (76)  reliant  au  substrat 
(12)  I'extremite  (73)  de  I'element  formant  ressort 

so  (71,  72)  qui  est  distante  de  I'extremite  en  crochet 
(71a). 

5.  Resistance  pour  telephone  selon  I'une  quelconque 
des  revendications  precedentes,  dans  laquelle  la- 

ss  dite  surcharge  de  tension  est  de  600  volts. 
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