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©  Flat  cable  branching  and  connecting  process. 

©  Making  a  branch  connection  with  a  fiat  cable  and 
affording  shielding  is  afforded  by  removing  insulation 
at  three  longitudinally  spaced  locations  transversely 
of  the  cable,  folding  the  cable  at  the  intermediate 
location,  making  connection  to  the  signal  leads  at  the 
intermediate  location,  cutting  ground  leads,  folding 
ground  leads  at  other  two  locations,  and  joining  a 
portion  of  a  conductive  member  to  the  ground  leads 
on  each  side  of  the  cable  and  by  straps  at  the  fold 
joining  the  portions  of  the  conductive  member  af- 
fording  ground  contacts. 

Fig.  I 
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FLAT  CABLE  BRANCHING  AND  CONNECTING  PROCESS 

Background  of  the  Invention 

1  .  Field  of  the  Invention 

The  present  invention  relates  to  a  method  of 
forming  branch  connection  with  a  flat  cable,  and  in 
particular  to  a  method  of  forming  electrical  connec- 
tions  for  connecting  an  intermediate  portion  of,  for 
example,  a  high-speed  signal  transfer  cable  to  con- 
tacts  of  a  connector  for  branching  connection. 

2.  Description  of  the  Prior  Art 

Hitherto,  to  connect  intermediate  portions  of  a 
high-speed  signal  transfer  cable  to  a  connector  for 
branch  connection,  the  cable  was  cut  into  two 
portions  101,  102  as  shown  in  Figure  14,  the  leads 
101a,  101b,  101c  102a,  102b,  102c  of  re- 
spective  cables  101,  102  being  exposed  at  the  cut 
ends  103,  104  of  these  cable  portions  101,  102; 
pairs  of  corresponding  leads  101a,  102a;  101c, 
102c  are  electrically  connected  to  the  end 
portions  of  respective  contacts  1  05,  1  06,  1  07 
by  means  of,  for  example,  soldering. 

When  respective  pairs  of  two  signal  transfer 
leads  of  high-speed  signal  transfer  flat  cables  are 
electrically  connected  to  the  connecting  ends  of 
corresponding  contacts  in  accordance  with  the 
above  described  conventional  branch  connection 
forming  method,  short-circuits  or  imperfect  connec- 
tions  tend  to  occur  since  many  signal  lines  without 
any  insulating  coating  as  well  as  the  earth  lines  are 
made  to  cross  with  each  other  in  a  complicated 
manner. 

The  present  invention  has  been  made  in  view 
of  the  above  mentioned  point,  and  an  object  there- 
of  is  to  provide  a  method  which  makes  it  possible 
to  form  good  branch  connections  of  a  flat  cable 
easily  and  securely,  and  which  further  makes  it 
possible  to  reduce  the  variation  in  the  impedances, 
even  for  high-speed  signals  or  signals  having  very 
high  frequency  components,  at  the  branch  connec- 
tions  of  a  transfer  system. 

Summary  of  the  Invention 

According  to  the  present  invention,  the  above 
mentioned  object  is  achieved  by  a  method  of  for- 
ming  branch  connection  of  a  flat  cable,  comprising 
the  steps  of: 

removing  an  insulation  coating  of  a  flat  cable  in 
a  transverse  direction  relative  to  the  flat  cable  at 

three  longitudinal  portions  thereof,  thereby  expos- 
ing  all  of  the  leads  of  the  flat  cable  at  said  three 
portions;  folding  the  flat  cable  at  the  intermediate 
exposed  lead  portion  of  said  three  portions:  caus- 

5  ing  each  of  the  earth  leads  of  the  leads  of  the  flat 
cable  at  the  exposed  portions  to  project  toward  a 
nearer  surface:  causing  the  signal  leads  of  the 
leads  of  the  flat  cable  at  the  exposed  lead  portions 
to  project  toward  the  folded  ends  thereof  keeping 

10  the  folded  condition  thereof;  electrically  connecting 
the  earth  leads  on  both  surfaces  of  overlapped 
portions  to  a  common  earth  lead  connecting  means 
at  said  both  surfaces;  and  electrically  connecting 
each  of  the  folded  projecting  portions  of  the  signal 

75  leads  and  of  the  common  earth  lead  connecting 
means  to  a  corresponding  connection  terminal  of 
branch  signal  output  means. 

In  accordance  with  the  method  of  the  present 
invention,  each  of  the  earth  leads  among  the  leads 

20  of  a  flat  cable  is  caused  to  project  to  and  from  the 
nearer  surface  side  of  overlapped  portions,  the 
earth  leads  on  both  surfaces  of  the  overlapped 
portions  are  electrically  connected  on  said  both 
surfaces  to  a  common  earth  lead  connecting 

25  means,  and  signal  leads  among  the  leads  of  the 
flat  cable  at  the  folded  exposed  lead  portions  are 
caused  to  project  to  and  from  their  folded  end  side 
in  the  folded  condition  without  being  cut,  whereby 
the  earth  leads  and  signal  leads  can  be  securely 

30  spaced  apart  and  only  the  signal  leads  are  caused 
to  project  to  the  folded  end  side,  so  that  there  is 
little  fear  of  short  circuiting  or  imperfect  connec- 
tions  between  the  signal  leads  and  thus  good 
branch  connections  can  be  formed. 

35 

Brief  Description  of  the  Drawing 

The  preferred  embodiment  of  the  present  in- 
40  vention  will  be  described  with  reference  to  the 

drawings  wherein: 
Figure  1  is  an  enlarged  perspective  view 

illustrating  the  branch  connection  structure  of  a  flat 
cable  formed  by  a  preferred  embodiment  of  the 

45  method  of  forming  branch  connections  with  a  flat 
cable  according  to  the  present  invention; 

Figures  2  through  5  are  explanatory  views 
illustrating  the  steps  of  processing  the  flat  cable  for 
forming  the  structure  of  Figure  1  ; 

so  Figure  6  is  a  perspective  view  of  the  flat 
cable  of  Figure  3; 

Figure  7  is  a  perspective  view  of  the  flat 
cable  of  Figure  5; 
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Figure  8  is  a  perspective  view  of  a  common 
earth  plate  to  be  mounted  on  the  flat  cable  under 
the  processed  condition  of  Figures  5  and  7; 

Figure  9  is  plan  view  of  the  structure  of 
Figure  1; 

Figure  10  is  a  cross  sectional  view  of  the 
structure  of  Figure  1  taken  along  the  line  X-X; 

Figure  11  is  plan  view  of  the  connection,  to 
the  female-type  connector,  of  the  structure  of  Fig- 
ure  1; 

Figure  12  is  a  side  view  as  viewed  along 
lines  XII-XII  of  Figure  11; 

Figure  13  is  a  bottom  view  as  viewed  along 
lines  XIII-XIII  of  Figure  11;  and 

Figure  14  is  a  cross  sectional  view  of  the 
branch  connection  structure  formed  in  accordance 
with  a  prior  art  method  of  branch  connection  with  a 
cable. 

Description  of  the  Preferred  Embodiment 

In  Figures  1  through  13,  1  represents  a  flat 
cable  for  signal  transfer  between  high-speed  signal 
processing  units  such  as  computers  and  their  pe- 
ripheral  processing  units,  an  insulating  or  dielectric 
coating  2  of  the  flat  cable  1  having  embedded 
therein  a  large  number  (generally  up  to  50  -  60, 
but,  for  simplicity  the  following  description  will  be 
given  in  conjunction  with  the  drawings  as  to  the 
case  of  four)  of  signal  transfer  leads  3,  4,  5,  6  and 
twice  as  many  earth  leads  7,  8,  9,  10,  11,  12,  13, 
14  as  the  signal  transfer  lead  is  located  between  a 
pair  of  earth  leads  in  order  that  cross-talk  of  the 
signals  between  the  signal  lines  may  be  sup- 
pressed. 

First,  in  the  intermediate  portion  of  the  flat 
cable  1,  the  insulating  coating  2  is  removed  in  the 
transverse  direction  B,  see  Figure  6,  at  three  por- 
tions  15,  16,  17  which  are  equally  spaced  apart  in 
the  longitudinal  direction  A  of  the  flat  cable  1  .  The 
insulating  coating  2  may  also  be  removed  at  more 
than  three  portions,  for  example,  at  five  or  seven 
portions.  To  remove  the  insulating  coating,  a  laser 
such  as  a  C02  laser  may  be  used;  alternatively, 
any  mechanical,  chemical  or  thermal  means  may 
be  used.  Further,  the  exposed  lead  lengths  E1,  E2 
and  E3  at  the  portions  15,  16  and  17,  are  usually 
E1=E3,  but,  if  desired,  E1*E3.  If  the  position  of 
insulating  coating  portions  18,  19  can  be  adjusted 
in  the  longitudinal  direction  of  the  leads,  the  extent 
of  each  of  E1,  E2  and  E3  may  be  arbitrary  se- 
lected,  if  E1  +  E2  +  E3  may  be  of  any  desired  ex- 
tent. 

The  removal  of  the  insulation  coating  removes 
all  insulation  coating  at  the  portions  15,  16  and  17, 
exposing  all  the  signal  leads  3  through  6  and  earth 
leads  7  through  1  4  thereat. 

Next,  the  flat  cable  1  is  folded  at  the  intermedi- 
ate  lead  exposed  portion  16  in  a  manner  such  that 
the  insulation  coating  residual  portions  18,  19  and 
insulation  coating  portions  20,  21  on  both  sides,  as 

5  well  as  the  exposed  lead  portions  15,  17,  are 
overlapped  on  one  another  (exposed  portions  15, 
17  may  be  positioned  in  a  not  overlapped  but 
shifted  manner).  Then,  the  earth  leads  7  through  14 
are  cut  at  their  portions  which  correspond  to  the 

w  exposed  portion  16.  Such  cutting  of  the  earth  leads 
7  through  14  may  be  done  before  or  after  the 
folding,  and  in  some  cases  it  may  be  done  simulta- 
neously  with  the  said  removal  of  the  insulation 
coating. 

75  Next,  the  folded  ends  3a,  4a,  5a,  6a  of  the 
respective  signal  lead  3,  4,  5,  6  are  forced,  without 
being  cut,  to  project  in  the  direction  F,  see  Figure 
5,  out  of  the  insulation  coating  portions  18,  19  to 
form  electrical  connections  3b,  4b,  5b,  6b,  of  the 

20  signal  leads;  earth  lead  portions  7a,  8a,  9a,  10a, 
11a,  12a,  13a,  and  14a  at  the  exposed  portion  15. 
which  are  located  on  the  upper  side  in  Figure  1  or 
in  Figures  4  and  5  are  pulled  to  project  upwardly  to 
form  projections  7b,  through  14b  for  electrical  con- 

25  nection;  earth  lead  portions  7c  through  14c  at  the 
exposed  portion  17,  which  are  located  on  the  lower 
side  in  Figures  4  and  5,  are  pulled  to  project 
downwardly  to  form  projections  7d  through  14d  for 
electrical  connection  (lead  portions  7c  through  14c 

30  and  7d  through  14d  are  similar  to  7a  through  14a 
and  7b  through  14b  and  thus  are  not  shown).  In 
this  case,  the  folded  electrical  connections  3b 
through  6b  of  the  signal  leads  and  the  projection 
connections  7b  through  14b,  7d  through  14d  of  the 

35  earth  leads  are  securely  insulated  and  isolated 
from  each  other  by  insulation  coating  residual  por- 
tions  18,  1  9  of  the  cable  1  . 

More  specifically,  when  the  projecting  electrical 
connections  3b,  4b,  5b,  6b  of  the  signal  leads  are 

40  formed,  the  insulation  coating  portions  18,  19  are 
displaced  toward  the  insulation  coating  portions  20, 
21  in  a  direction  G,  see  Figure  5,  and  the  folded 
portions  3a,  4a,  5a,  6a  of  the  corresponding  leads 
3,  4,  5,  6  are  drawn  out  of  the  insulation  coating 

45  portions  18,  1  9  in  the  direction  F  without  being  cut. 
This  makes  the  gaps  49  between  the  insulation 
coatings  residual  portions  18,  19  and  the  insulation 
coating  portions  20,  21  significantly  narrower  than 
the  original  extent  E1  or  E3  of  the  exposed  regions 

so  15,  17,  interference  being  unlikely  to  occur  be- 
tween  the  signal  leads  3,  4,  5,  and  6  within  the  gap 
49.  On  the  other  hand,  when  the  earth  projection 
lead  portions  7b  through  14b,  7d  through  14d  are 
formed,  the  lead  portions  7a  through  14a  are  pulled 

55  in  the  direction  G  relative  to  the  insulation  coating 
portion  18  until  their  cut  ends  7e  through  14e  reach 
the  end  face  18a  of  the  insulation  coating  portion 
18,  while  lead  portions  7c  through  14c  are  pulled  in 
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the  direction  G  relative  to  the  insulation  coating 
portion  19  until  their  cut  ends  7f  through  14f  reach 
the  end  face  19a  of  the  insulation  coating  portion 
19.  In  this  connection,  the  cut  ends  7e  through  14e, 
7f  through  14f  are  preferably  retracted  from  the 
end  faces  18a,  19a. 

Then,  the  folded  and  overlapped  end  of  the  flat 
cable  1  is  covered  with  an  electrically  conductive 
cover  22  for  a  common  earth  ground  as  the  com- 
mon  earth  lead  connecting  means.  This  cover  22  is 
formed  by  punching  or  blanking  a  thin  metal  plate 
of,  for  example,  a  copper  alloy,  and  comprises  a 
flat  plate  portion  23  located  on  the  insulation  coat- 
ing  portions  18,  20.  a  flat  plate  portion  24  located 
on  the  outer  surfaces  of  the  insulation  coating 
portions  19,  21,  and  folded  connecting  portions  25, 
26,  27.  Further,  the  cover  22  may  also  be  con- 
stituted  by  a  sheet-like  -member  of  a  material  such 
as  plastics  which  is  highly  electrically  insulating 
even  for  high  frequency  signals  and  which  has  a 
thin  metal  layer  of,  for  example,  copper  formed  on 
one  surface  (outer  surface)  thereof.  The  flat  plate 
portion  23  has  openings  28,  29,  30,  31  ,  32  formed 
therein,  into  which  earth  projections  7b,  8b,  9b, 
10b,  11b,  12b,  13b,  and  14b  are  inserted,  while  the 
flat  plate  portion  24  has  openings  33,  34,  35,  36,  37 
formed  therein,  into  which  earth  projections  7d,  8d, 
9d,  10d,  11d,  12d,  13d,  14d  are  inserted.  Further, 
instead  of  one  opening  29  into  which  earth  projec- 
tions  8b,  9b,  are  inserted,  small  openings  for  in- 
dividual  insertion  of  them  may  be  provided  in  the 
flat  plate  portion  23.  The  corresponding  earth  pro- 
jections  7b  through  14b,  7d  through  14d  inserted 
into  respective  openings  28  through  39  are  fixedly 
electrically  connected  to  the  openings  28  through 
39  by  soldering,  for  example.  Further,  both  side 
edge  portions  23a,  24a  and  23b,  24b  are  rigidly 
fixed  together  by  means  of,  for  example,  welding, 
in  order  to  place  the  overlapped  insulation  coating 
portions  18,  19  and  20,  21  in  close  contact  with 
each  other  in  the  overlapping  direction,  to  prevent 
the  relative  displacement  of  the  insulation  coating 
portions  18,  20  and  19,  21  in  the  direction  along 
the  overlapped  surfaces,  and  to  prevent  the  relative 
displacement  among  the  signal  lines  such  as  lines 
3,  4,  5  and  6  in  the  gap  49.  Further,  the  gap  49 
may  be  filled  with  an  electrically  insulating  resin, 
for  example,  to  fix  the  signal  lines  such  as  lines  3, 
4,  5,  and  6  therein  before  or  at  a  time  of  the 
mounting  of  this  common  earth  cover  22.  At  least 
one  of  the  coupling  portions  25,  26,  27,  for  exam- 
ple  the  coupling  portions  25,  27  on  both  sides,  are 
engaged  with  connecting  ends  41a,  42a  of  the 
contacts  41,  42  of  a  branch  connection  forming 
connector  50  as  a  branch  signal  output  means 
having  recesses  41b,  42b  complementarily  shaped 
to  closely  engage  with  the  projecting  ends  25a,  27a 
of  the  coupling  portions  25,  27,  and  are  easily  and 

securely  electrically  connected  and  fixed  by  suit- 
able  means  such  as  soldering.  Further,  as  shown 
by  imaginary  lines  in  Figure  9.  the  intermediate 
coupling  portion  26  may  also  be  electrically  con- 

5  nected  to  another  similar  connecting  end. 
On  the  other  hand,  the  projecting  electrically 

connecting  portions  3b,  4b,  5b,  6b  of  the  signal 
leads  extend  substantially  in  a  parallel  manner 
such  that  desired  gaps  can  be  formed  there- 

w  between,  and  they  are  engaged  with  recesses  43b. 
44b,  45b,  46b  at  connecting  ends  43a.  44a,  45a. 
46a  of  contacts  43,  44,  45.  46  of  the  branch  con- 
nection  forming  connector  50,  which  recesses  are 
similar  to  the  recesses  41  b,  42b  of  the  connecting 

15  ends  41a,  42a  of  the  contacts  41,  42  and  are  easily 
and  securely  electrically  connected  by  means  of 
soldering,  for  example.  Further,  the  connecting 
ends  43a  through  46a  electrically  connected  to  the 
projecting  electrically  connecting  portions  3b,  4b. 

20  5b,  and  6b  of  the  signal  leads  may  have  suitable 
engaging  structures  such  as  holes  instead  of  the 
recesses. 

An  intermediate  or  branching  connection  por- 
tion  51  of  the  flat  cable  1  constructed  in  the  above 

25  mentioned  manner  is  embedded  in  the  resin  52,  53 
using,  for  example,  a  suitable  forming  die  such  that 
it  can  be  made  integral  with  the  connector  50. 

The  contacts  41  ,  42,  43,  44,  45,  and  46  of  the 
connector  50  have  female-type  contact  portions 

30  41  c,  42c,  43c,  44c,  45c,  and  46c,  see  Figure  1  1  ,  on 
the  side  opposite  to  the  connecting  ends  41a,  42a, 
43a,  44a,  45a,  and  46a.  Further,  54a,  54b,  etc., 
represent  the  contacts  of  a  male-type  connector 
55,  see  Figure  10,  for  engagement  with  the  female- 

35  type  contacts  41  through  46  of  the  connector  50. 
Although,  the  connector  50  as  the  branching 

signal  output  means  is  described  to  be  a  female 
type  connector  in  the  explanations  above,  the 
branch  signai  output  means  may  be  a  male-type 

40  connector  or  any  other  signal  output  mechanisms. 

Claims 

45  1  .  A  method  of  forming  branch  connection  of  a 
flat  cable,  comprising  the  steps  of: 

removing  an  insulation  coating  of  a  flat  cable 
in  a  transverse  direction  relative  to  the  flat  cable  at 
three  longitudinal  portions  thereof,  thereby  expos- 

50  ing  all  of  the  leads  of  the  flat  cable  at  said  three 
portions; 

folding  the  flat  cable  at  the  intermediate 
exposed  lead  portion  of  said  three  portions; 

causing  each  of  the  earth  leads  of  the  leads  of 
55  the  flat  cable  at  the  exposed  portions  to  project 

toward  a  nearer  surface; 
causing  the  signal  leads  of  the  leads  of  the  flat 

cable  at  the  exposed  lead  portions  to  project  to- 
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waru  me  roiaea  enas  mereor  Keepting  tne  roiaea 
condition  thereof; 

electrically  connecting  the  earth  leads  on  both 
surfaces  of  overlapped  portions  to  a  common  earth 
lead  connecting  means  at  said  both  surfaces;  and 

electrically  connecting  each  of  the  folded 
projecting  portions  of  the  signal  leads  and  of  the 
common  earth  lead  connecting  means  to  a  cor- 
responding  connection  terminal  of  branch  signal 
output  means. 
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