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©  A  current  mode  bus  coupler  (10)  for  electromag- 
netically  coupling  a  terminal  unit,  i.e.,  an  electronic 
subsystem,  with  a  data  bus  cable  (24)  comprising  a 
twisted  wire  pair  is  disclosed.  The  current  mode  bus 
coupler  (10)  includes  a  planar  coil  (16),  upper  and 
lower  slotted  planar  shields  (20  and  22)  and  a  fer- 
romagnetic  core  (12).  The  planar  coil  16  and  planar 
shields  (20  and  22)  are  formed  in  a  sandwich  (14)  of 
alternating  dielectric  and  conductive  layers.  Aper- 
tures  (36,  37  and  38)  are  formed  in  the  sandwich 
(14)  for  receiving  the  legs  of  the  ferromagnetic  core 
(12),  and  the  planar  coil  (16)  spirals  around  one  of 
the  apertures  (37).  The  ferromagnetic  core  (12)  has 
at  least  two  legs,  one  of  which  is  inserted  into  the 
aperture  (37)  around  which  the  planar  coil  (16)  is 
formed.  The  ferromagnetic  core  (12)  is  disengagable 
and  disassemblable  so  that  the  core  can  be  inserted 
in  a  loop  formed  by  separating  the  conductors  of  the 
twisted  wire  pair  data  bus.  The  planar  shields  (20 
and  22)  which  would  be  connected  to  a  common 
ground  form  upper  and  lower  layers  of  the  sandwich 
(14)  and  shield  the  planar  coil  (16)  from  external 
electromagnetic  and  electrostatic  fields.  The  upper 
planar  shield  (20)  lies  between  the  planar  coil  (16) 
and  the  twisted  wire  pair  data  bus  in  which  the 
ferromagnetic  core  (12)  is  inserted.  The  apertures  of 
the  planar  shields  (20  and  22)  are  slotted  (58  and 
60)  so  that  the  shields,  which  are  conductive,  do  not 
form  short  circuits  about  the  legs  of  the  ferromag- 
netic  core  (12).  The  sandwich  (14)  can  include  addi- 

tional  planar  coils  (18)  formed  about  the  same  (or 
other)  aperture  and  connected  in  series  by  conduc- 
tively  plated  through-holes  (48). 
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Field  of  the  Invention 

This  invention  relates  to  couplers  for  applying 
signals  to  and  receiving  signals  from  a  data  bus 
cable  and,  more  particularly,  to  couplers  for  apply- 
ing  signals  to  and  receiving  signals  from  a  current 
mode  data  bus  cable. 

Background  of  the  Invention 

Present  day  electronic  control  and  logic  sys- 
tems  often  comprise  a  number  of  physically  sepa- 
rated  subsystems  that  are  interconnected  with  a 
data  bus  cable.  Data  communication  between  the 
subsystems  is  accomplished  via  the  data  bus  ca- 
ble.  For  example,  modern  avionic  system  designs 
are  predicated  on  the  use  of  a  data  transmission 
system  including  a  data  bus  cable  and  bus  cou- 
plers  for  data  communication  among  physically 
separated  subsystems  comprising  flight  and  navi- 
gational  avionics  and  flight  controls. 

In  the  aviation  industry,  a  data  bus  cable  typi- 
cally  consists  of  a  pair  of  conductors,  i.e.,  a  pair  of 
wires.  Subsystems,  i.e.,  terminal  units,  are  each 
coupled  to  the  data  bus  cable  with  a  bus  coupler. 
The  bus  couplers  allow  the  terminal  units  to  receive 
data  signals  from  the  data  bus  cable  and  to  trans- 
mit  data  signals  on  the  data  bus  cable.  Two  forms 
of  data  transmission  systems  are  commonly  used: 
voltage  mode  and  current  mode  data  transmission 
systems.  With  a  voltage  mode  system,  data  are 
transmitted  on  a  data  bus  cable  as  voltage  differ- 
ences  between  two  wires  forming  the  data  bus 
cable  and  these  voltages  are  obtained  by  direct 
galvanic  connections  to  the  two  wires  of  the  data 
bus  cable,  i.e.,  direct  contact  is  made  between  the 
bus  couplers  and  the  data  bus  cable  by  stripping 
the  wire  insulation  and  making  splice  connections 
by  soldering.  The  voltage  mode  type  of  a  data 
transmission  system  has  several  disadvantages. 
Since  the  signals  are  transmitted  on  a  data  bus 
cable  in  the  form  of  voltages,  external  electric  fields 
can  couple  noise  on  the  data  bus  cable,  which  can 
interfere  with  the  desired  signal  transmission.  Addi- 
tionally,  because  voltage  mode  couplers  must  be 
coupled  to  the  data  bus  cable  with  galvanic  con- 
nections,  bus  couplers  are  difficult  to  install  and 
remove.  Further,  the  intrusive  nature  of  galvanic 
connections  is  inherently  unreliable.  A  data  trans- 
mission  system  of  the  current  mode  type  does  not 
have  these  disadvantages. 

In  a  current  mode  data  transmission  system, 
data  are  transmitted  as  differential  electrical  cur- 
rents  on  two  wires  forming  a  data  bus  cable.  The 
bus  couplers  of  a  current  mode  data  transmission 
system  sense  only  bus  current  when  receiving  data 
and  induce  bus  current  when  transmitting  data. 
Current  mode  bus  couplers  are  electromagnetically 

coupled  to  the  data  bus  cable,  i.e.,  no  physical 
connections  are  made  between  the  couplers  and 
the  wires  of  the  data  bus  cable.  Thus,  current 
mode  bus  couplers  can  be  readily  installed  and 

5  removed. 
While  existing  airplanes  require  a  limited  num- 

ber  of  terminal  units,  newer  fly-by-wire  airplanes, 
which  have  extensive  avionic  and  control  systems, 
may  require  connecting  in  excess  of  one  hundred 

io  terminal  units  to  a  data  bus  cable.  Each  terminal 
unit  is  coupled  to  a  data  bus  cable  with  one  or 
more  bus  couplers.  Because  of  their  multiplicity,  it 
is  desirable  that  bus  couplers  be  easy  to  install. 
Further,  since  terminal  units  may  be  replaced  dur- 

75  ing  the  life  of  an  airplane,  bus  couplers  should  be 
easy  to  remove.  Additionally,  the  large  number  of 
bus  couplers  required  in  an  aircraft  make  size  and 
weight,  as  well  as  economy  of  manufacture,  an 
important  criteria  in  bus  coupler  design.  In  aircraft, 

20  the  reliability  of  bus  couplers  is  of  paramount  im- 
portance.  Further,  as  aircraft  are  frequently  sub- 
jected  to  electrical  storms,  bus  couplers  should  be 
designed  so  as  to  be  not  affected  by  external 
electric  and  magnetic  fields.  The  present  invention 

25  provides  a  current  mode  bus  coupler  including 
planar  coils  and  shielding  planes,  which  may  be 
formed  using  existing  printed  circuit  board  technol- 
ogy,  designed  to  achieve  these  desired  results. 
More  specifically,  as  will  be  better  understood  from 

30  the  following  description,  a  current  mode  bus  cou- 
pler  formed  in  accordance  with  this  invention  is 
relatively  small,  can  be  economically  manufactured, 
is  reliable,  can  be  easily  installed  and  removed, 
and  is  insensitive  to  external  electrostatic  and  elec- 

35  tromagnetic  fields. 

Summary  of  the  Invention 

In  accordance  with  this  invention,  a  current 
40  mode  bus  coupler  for  electromagnetically  coupling 

a  terminal  unit  to  a  data  bus  cable  is  provided.  A 
current  mode  bus  coupler  formed  in  accordance 
with  this  invention  is  designed  to  create  and  sense 
differential  time-varying  electrical  currents  flowing 

45  on  a  data  bus  cable  comprised  of  two  wires  that 
are  insulated  from  each  other,  twisted  about  one 
another  to  form  numerous  loops,  and  electrically 
terminated  at  both  ends.  A  current  mode  bus  cou- 
pler  formed  in  accordance  with  this  invention  in- 

50  eludes  a  planar  coil,  upper  and  lower  slotted  planar 
shields,  and  a  ferromagnetic  core.  The  planar  coil 
and  planar  shields  are  formed  in  a  sandwich  of 
alternating  conductive  and  dielectric  layers.  Ap- 
ertures  are  formed  in  the  sandwich  for  receiving 

55  legs  of  the  ferromagnetic  core,  and  the  planar  coil 
spirals  around  one  of  the  apertures.  The  ferromag- 
netic  core  has  at  least  two  legs,  one  of  which  is 
inserted  into  the  aperture  around  which  the  planar 
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coil  is  formed.  The  ferromagnetic  core  is  disen- 
gagable  and  disassemblable  so  that  the  core  can 
be  inserted  through  a  single  loop  formed  in  a 
twisted  wire  pair.  The  slotted  planar  shields  form 
upper  and  lower  layers  of  the  sandwich.  The  upper 
planar  shield  lies  between  the  twisted  wire  pair  of 
the  bus  cable  and  the  planar  coil  formed  in  the 
sandwich.  The  upper  and  lower  planar  shields  are 
both  slotted  between  adjacent  apertures  formed  in 
the  sandwich,  so  that  the  planar  shields,  which  are 
conductive,  do  not  form  conductive  paths  around 
the  apertures  that  receive  the  legs  of  the  ferromag- 
netic  core.  The  ferromagnetic  core  provides  a  pre- 
ferred  path  for  magnetic  flux  generated  by  current 
flowing  in  the  twisted  wire  pair,  and  for  magnetic 
flux  generated  by  current  flowing  in  the  planar  coil 
of  the  sandwich.  As  a  result,  the  ferromagnetic  core 
couples  time-varying  currents  flowing  in  the  planar 
coil  to  the  twisted  wire  pair  and  differential  time- 
varying  currents  flowing  in  the  twisted  wire  pair  to 
the  planar  coil.  As  a  result  of  the  electromagnetic 
coupling  formed  by  the  ferromagnetic  core,  the  bus 
coupler,  when  operating  as  a  receiver,  can  sense 
data  flowing  on  the  data  bus  cable  in  the  form  of 
time-varying  currents  that  are  differential  in  nature, 
and  when  operating  as  a  transmitter,  the  bus  cou- 
pler  can  apply  data  to  the  data  bus  cable,  also  in 
the  form  of  differential  time-varying  currents.  The 
upper  and  lower  planar  shields,  which  are  to  be 
connected  to  a  common  ground,  shield  the  planar 
coil  from  external  electromagnetic  fields,  i.e.,  time- 
varying  electric  and  magnetic  fields,  and  electro- 
static  fields,  without  degrading  electromagnetic 
coupling  between  the  twisted  wire  pair  and  the 
current  mode  bus  coupler. 

In  accordance  with  further  aspects  of  this  in- 
vention,  the  sandwich  of  the  bus  coupler  can  in- 
clude  a  single  planar  coil  or  a  plurality  of  planar 
coils.  A  plurality  of  planar  coils  can  be  formed 
about  one  of  the  apertures  in  the  sandwich  that 
receive  the  ferromagnetic  core.  In  such  a  version  of 
the  invention,  each  planar  coil  lies  in  a  separate 
layer  of  the  sandwich,  adjacent  planar  coils  being 
separated  by  insulating  layers.  Adjacent  planar 
coils  are  connected  in  series  with  plated  through- 
holes  formed  through  the  insulating  layers  separat- 
ing  the  planar  coils.  Further,  the  planar  coils  are 
series  connected  end-to-end,  such  that  currents 
flowing  through  the  series-connected  planar  coils 
cooperate  magnetically,  increasing  the  effective 
number  of  turns  of  the  winding  formed  by  the 
series-connected  planar  coils.  Additionally,  the 
sandwich  of  the  bus  coupler  can  include  an  insulat- 
ing  layer  on  top  of  the  upper  planar  shield.  The 
additional  insulating  layer  separates  the  upper 
planar  shield  and  the  twisted  wire  pair,  and  pro- 
vides  insulation  between  the  wires  and  the  upper 
planar  shield  in  addition  to  that  provided  by  the 

insulation  on  the  wires  themselves. 
As  will  be  appreciated  from  the  foregoing  brief 

summary,  a  current  mode  bus  coupler  for  coupling 
a  terminal  unit  with  a  twisted  wire  pair  data  bus 

5  cable  is  provided  by  this  invention.  The  bus  cou- 
pler  consists  of  one  or  more  planar  coils  formed  in 
a  sandwich  of  alternating  conducting  and  insulating 
layers.  A  disassemblable  ferromagnetic  core,  which 
can  be  easily  inserted  and  removed  from  a  data 

io  bus  cable,  provides  electromagnetic  coupling  be- 
tween  the  coil(s)  in  the  sandwich  and  the  data  bus 
cable.  Upper  and  lower  planar  shields  that  form 
part  of  the  sandwich  isolate  the  planar  coil(s)  from 
external  electromagnetic  and  electrostatic  fields. 

is  The  planar  shields  are  slotted  between  the  legs  of 
the  ferromagnetic  core  to  prevent  the  planar 
shields  from  shorting  the  ferromagnetic  core  win- 
dings,  which  would  effectively  eliminate  the  cou- 
pling  between  the  data  bus  cable  and  the  planar 

20  coil(s).  The  sandwich  of  alternating,  conducting  and 
insulating  layers  can  be  formed  with  existing  eco- 
nomical  printed  circuit  board  fabrication  techniques. 
The  resulting  bus  coupler  is  very  reliable  and  com- 
pact.  Furthermore,  the  planar  coils  can  be  inte- 

25  grated  onto  a  printed  circuit  board  having  additional 
electronic  circuitry. 

Brief  Description  of  the  Drawings 

30  The  foregoing  objects  and  many  of  the  atten- 
dant  advantages  of  this  invention  will  become  more 
readily  appreciated  as  the  same  becomes  better 
understood  by  reference  to  the  following  detailed 
description  when  taken  in  conjunction  with  the  ac- 

35  companying  drawings  wherein: 
FIGURE  1  is  an  exploded  view  of  a  bus  coupler 
formed  in  accordance  with  the  invention,  shown 
with  a  current  mode  data  bus  cable  with  which 
the  bus  coupler  is  useful; 

40  FIGURE  2  is  a  schematic  diagram  of  a  current 
mode  data  transmission  system  incorporating 
bus  couplers  formed  in  accordance  with  this 
invention; 
FIGURE  3  is  a  longitudinal  cross-sectional  view 

45  of  the  current  mode  bus  coupler  illustrated  in 
FIGURE  1,  taken  along  line  3-3; 
FIGURE  4  shows  a  cross-sectional  view  of  a 
current  mode  bus  coupler  formed  in  accordance 
with  the  invention  having  more  planar  coils  than 

50  the  bus  coupler  illustrated  in  FIGURES  1  and  3; 
FIGURE  5A  shows  the  stray  capacitance  that 
exists  between  a  bus  coupler  and  a  current 
mode  data  bus  cable,  FIGURE  5B  shows  a 
planar  shield  formed  in  accordance  with  the 

55  invention,  and  FIGURE  5C  illustrates  schemati- 
cally  the  effect  of  the  planar  shield  on  stray 
capacitance;  and 
FIGURE  6  pictorially  illustrates  another  alter- 

3 
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native  embodiment  of  a  current  mode  bus  cou- 
pler  formed  in  accordance  with  the  invention. 

Description  of  the  Preferred  Embodiments 

FIGURE  1  is  an  exploded  view  of  the  presently 
preferred  form  of  a  current  mode  bus  coupler  10 
formed  in  accordance  with  the  present  invention. 
The  bus  coupler  10  illustrated  in  FIGURE  1  com- 
prises  a  ferromagnetic  core  12,  and  a  sandwich  14 
of  alternating  conductive  and  dielectric  layers.  For 
ease  of  illustration,  the  insulating  adhesive  layers 
that  join  the  layers  of  the  sandwich  14  together  are 
not  illustrated  in  FIGURE  1.  The  conductive  layers 
include  upper  and  lower  planar  coils  16  and  18  and 
upper  and  lower  planar  shields  20  and  22.  The  bus 
coupler  10  is  electromagnetically  coupled  to  a  data 
bus  cable  24  comprising  a  twisted  wire  pair.  The 
wires  of  the  twisted  wire  pair  are  covered  with 
insulation  and  electrically  connected  at  their  ends 
through  termination  resistors  25.  The  value  of  the 
termination  resistor  Rc  is  equal  to  the  characteristic 
impedance  Zc  of  the  twisted  wire  pair  data  bus  24. 

As  shown  schematically  in  FIGURE  2,  a  plural- 
ity  of  current  mode  bus  couplers  of  the  type  shown 
in  FIGURE  1  can  be  used  to  form  a  data  transmis- 
sion  system  26.  More  specifically,  the  data  trans- 
mission  system  26  comprises  the  data  bus  cable 
24  and  a  plurality  of  terminal  couplers  (TC)  30. 
Each  of  the  terminal  couplers  30  includes:  a  trans- 
mit  current  mode  bus  coupler  10  and  associated 
driver  circuitry  34;  and  a  receive  current  mode  bus 
coupler  10'  and  associated  receiver  circuity  34'. 
The  driver/receiver  circuitry  34  and  34'  interface 
the  bus  couplers  10  and  10'  to  terminal  units  28. 
The  data  transmission  system  26  interconnects  the 
terminal  units  28  such  that  the  terminal  units  28 
can  communicate  with  each  other,  e.g.,  send  data 
from  one  terminal  unit  to  another  terminal  unit  via 
the  data  bus  cable  24.  For  example,  if  the  data 
transmission  system  26  is  used  in  an  aircraft,  the 
terminal  units  28  would  include  flight  and  naviga- 
tional  avionic  subsystems  and  flight  control  sub- 
systems.  As  required,  the  avionic  subsystems  can 
send  commands  to  control  subsystems  using  the 
data  transmission  system  26,  the  avionic  control 
systems  can  send  data  back  and  forth,  etc. 

The  current  mode  bus  couplers  10  and  10' 
create  a  transformer-type  coupling  with  the  data 
bus  cable  24.  As  shown  schematically  in  FIGURE 
2,  each  transmit  bus  coupler  10  includes  a  fixed 
winding  32  that  serves  as  one  winding  of  the 
transformer-type  coupling.  A  loop  of  the  twisted 
wire  pair  data  bus  24  forms  a  single  turn  second 
winding  35.  As  explained  more  fully  below,  the  bus 
coupler  winding  32  and  the  single-turn  bus  winding 
35  are  electromagnetically  coupled  together  by  the 
ferromagnetic  core  12.  The  receive  bus  couplers 

10'  have  the  same  structure  as  the  transmit  bus 
couplers  10.  To  transmit  data,  the  driver  circuitry 
34  of  the  terminal  coupler  30  applies  time-varying 
current  signals  to  the  bus  coupler  winding  32, 

5  which  induces  corresponding  differential  time-vary- 
ing  current  signals  in  the  twisted  wire  pair  24.  To 
receive  data,  the  receive  bus  coupler  10'  senses 
differential  time-varying  current  signals  propagating 
on  the  twisted  wire  pair  24  and  induces  corre- 

io  sponding  time-varying  signals  in  the  bus  coupler 
winding  32'  for  amplification  and  detection  by  the 
receive  circuitry  34'. 

Shown  exploded  in  FIGURE  1  and  assembled 
in  FIGURE  3,  the  sandwich  14  of  alternating  dielec- 

15  trie  and  conductive  layers  has  three  apertures  36, 
37  and  38  that  extend  through  the  sandwich,  i.e., 
the  apertures  extend  from  the  top  layer  of  the 
sandwich  through  to  the  bottom  layer  of  the  sand- 
wich.  The  three  apertures  36,  37  and  38  are  col- 

20  inear,  with  the  aperture  37  lying  between  the  ap- 
ertures  36  and  38.  The  ferromagnetic  core  12  com- 
prises  two  E-shaped  elements  40  and  42,  each 
having  three  legs  that  are  sized  and  positioned  to 
be  insertable  into  the  three  apertures  in  the  sand- 

25  wich,  as  shown  in  FIGURE  3.  The  legs  of  the  lower 
core  element  40  are  inserted  in  the  apertures  from 
below  the  sandwich,  and  the  legs  of  the  upper  core 
element  42  are  inserted  from  above  the  sandwich. 
The  legs  of  the  core  elements  are  joined  at  their 

30  ends  when  inserted  into  the  apertures  of  the  sand- 
wich  14.  Thus,  a  "figure  8"  ferromagnetic  core  12 
having  a  central  leg  and  two  outer  legs  is  formed. 

The  planar  coils  16  and  18  are  formed  in  the 
sandwich  14  about  the  central  aperture  37.  Both 

35  the  upper  and  lower  planar  coils  spiral  outward 
from  the  central  aperture  37.  The  upper  planar  coil 
16  is  formed  in  a  plane  above  the  plane  in  which 
the  lower  planar  coil  18  is  formed.  As  shown  in 
FIGURE  3,  the  planar  coils  are  connected  in  series 

40  at  their  inner  ends  44  and  46  with  a  conductively 
plated  through-hole  48,  i.e.,  a  connective  path  ex- 
tending  between  the  planes  of  the  coils.  As  shown 
in  FIGURE  1,  the  outer  end  50  of  the  upper  planar 
coil  16  forms  one  terminal  of  that  planar  coil,  and 

45  the  outer  end  52  of  the  lower  planar  coil  18  forms 
one  terminal  of  that  planar  coil.  The  upper  and 
lower  planar  coils  are  wound  such  that  an  electrical 
current  flowing  from  the  outer  end  52  of  the  lower 
planar  coil  18  to  the  outer  end  50  of  the  upper 

50  planar  coil  16  encircles  the  central  aperture  37  with 
the  same  clockwise/counterclockwise  sense  in  both 
the  upper  and  lower  planar  coils,  i.e.,  the  upper  and 
lower  planar  coils  have  the  same  magnetic  sense. 
This  is  accomplished  by  forming  the  upper  and 

55  lower  planar  coils  with  opposite 
clockwise/counterclockwise  spiraling  senses,  e.g., 
in  FIGURE  1  the  lower  planar  coil  18  spirals  out- 
wardly  in  a  counterclockwise  manner  and  the  upper 

4 
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planar  coil  16  spirals  outwardly  in  a  clockwise 
manner.  As  a  result,  a  current  flowing  from  the 
planar  coils  produces  additive  magnetic  flux  rather 
than  subtractive  magnetic  flux.  The  thusly  series- 
connected  upper  and  lower  planar  coils  form  the 
bus  coupler  winding  32  shown  in  FIGURE  2.  The 
number  of  winding  turns  is  equal  to  the  number  of 
turns  in  the  lower  planar  coil  18  plus  the  number  of 
turns  in  the  upper  planar  coil  16. 

The  ferromagnetic  core  12  provides  a  low  re- 
luctance  path  for  magnetic  flux  that  passes  through 
the  central  aperture  37.  As  shown  in  FIGURE  1,  the 
central  leg  of  the  upper  core  element  42  is  sur- 
rounded  by  a  loop  56  formed  by  the  twisted  wire 
pair  24,  one  wire  passing  between  the  center  leg 
and  one  of  the  outer  legs  and  the  other  wire 
passing  between  the  center  leg  and  the  other  outer 
leg.  As  a  result,  the  loop  56  forms  a  one-turn 
winding  on  the  ferromagnetic  core  42,  and  elec- 
tromagnetically  couples  the  twisted  wire  pair  24  to 
the  planar  coils  16  and  18.  Thus,  a  time-varying 
current  flow  in  the  upper  and  lower  planar  coils  16 
and  18  induces  a  differential  time-varying  current  in 
the  twisted  wire  pair  and  vice  versa,  all  in  a  manner 
well  known  by  those  skilled  in  the  electromagnetics 
art.  The  time-varying  current  in  the  twisted  wire 
pair  is  differential  in  nature  in  that  the  current  flows 
on  the  two  wires  are  opposite  in  sign. 

As  shown  in  FIGURES  1  and  3,  a  conductive 
lead  54  is  connected  to  the  conductive  plated 
through-hole  48  that  interconnects  the  upper  and 
lower  planar  coils.  The  lead  54  serves  as  a  center 
tap  of  the  winding  formed  by  the  series  connected 
planar  coils.  The  center  tap  54  allows  the  upper 
planar  coil  16  to  serve  as  a  first  winding  and  the 
lower  planar  coil  18  to  serve  as  a  second  winding. 
The  center  tapped  coil  allows  the  bus  coupler  10  to 
be  used  to  create  bipolar  data  signals  on  the  bus. 
This  can  be  accomplished  by  connecting  the  posi- 
tive  terminal  of  a  driver  DC  voltage  to  the  center 
tap  54  and  switching  the  negative  terminal  between 
the  outer  ends  50  and  52  of  the  upper  and  lower 
planar  coils. 

Slots  58,  60,  62  and  64  are  formed  in  the 
upper  and  lower  planar  shields  20  and  22  between 
the  outer  apertures  36  and  38  and  the  central 
aperture  37.  For  example,  in  the  upper  planar 
shield  20,  the  slot  58,  which  can  best  be  seen  in 
FIGURE  5B,  extends  from  the  outer  aperture  36  to 
the  central  aperture  37.  The  slots  are  non-conduc- 
tive  and  extend  through  the  entire  thickness  of  the 
conductive  planar  shields. 

The  upper  and  lower  planar  shields  shield  the 
planar  coils  within  the  sandwich  14  from  external 
electromagnetic  flux  lines,  i.e.,  time-varying  electric 
and  magnetic  flux  lines,  and  electrostatic  flux  lines. 
Such  shielding  is  important  because  electromag- 
netic  and  electrostatic  flux  lines  could  create  elec- 

trical  signals  in  the  planar  coils  that  could  interfere 
with  the  operation  of  the  bus  coupler.  As  shown  in 
FIGURE  1,  the  upper  and  lower  planar  shields  are 
each  connected  to  a  common  ground  74,  such  as 

5  the  return  voltage-plane  of  an  aircraft's  electrical 
system.  Grounding  of  the  planar  shields  is  impor- 
tant  because  ungrounded  shields  are  ineffective 
against  electrostatic  fields.  To  provide  effective 
electromagnetic  shielding,  the  upper  and  lower 

io  planar  shields  must  be  of  adequate  thickness.  The 
thickness  required  increases  with  the  frequency  of 
the  electromagnetic  flux;  1.25  mils  is  adequate  for 
shielding  electromagnetic  flux  ordinarily  encoun- 
tered  within  an  aircraft  for  a  bus  having  a  data  rate 

is  in  the  30  mHz  range. 
While  the  planar  shields  will  not  block  mag- 

netostatic  flux  lines  from  flowing  through  the  sand- 
wich  14,  magnetostatic  flux  lines  will  not  affect  the 
operation  of  the  bus  coupler  unless  they  are  strong 

20  enough  to  saturate  the  ferromagnetic  core  12.  Ad- 
ditionally,  while  external  time-varying  magnetic  flux 
lines  can  flow  through  the  sandwich  14  via  the  legs 
of  the  ferromagnetic  core  12,  the  magnetic  flux 
flows  in  the  same  direction  in  both  the  outer  legs 

25  and  the  central  leg.  Because  the  flow  of  magnetic 
flux  through  the  center  of  the  planar  coils  and  sides 
of  the  planar  coils  is  balanced,  balanced  opposing 
inductive  forces  are  produced.  Because  balanced 
opposing  inductive  forces  cancel  each  other,  they 

30  induce  no  net  electrical  currents  in  the  planar  coils. 
The  upper  planar  shield  20  is  particularly  effec- 

tive  at  shielding  the  planar  coils  from  voltages,  i.e., 
electric  fields,  in  the  twisted  wire  pair  24.  This  is 
particularly  important  if  the  data  bus  cable  24  is 

35  used  in  an  airplane.  Aircraft  are  frequently  sub- 
jected  to  electrical  storms,  which  can  produce  large 
voltage  swings  and  voltage  spikes  in  conductors 
such  as  the  twisted  wire  pair  data  bus  24.  As 
shown  in  FIGURE  5A,  without  the  upper  planar 

40  shield  20,  such  voltage  surges  would  induce  vol- 
tages  and  currents  in  the  planar  coils  in  a  current 
mode  bus  coupler  10"  formed  in  accordance  with 
the  invention.  More  specifically,  without  an  upper 
planar  shield,  electrostatic  coupling  would  exist  be- 

45  tween  the  winding  32"  of  the  bus  coupler  10"  and 
the  data  bus  cable  24"  with  which  the  bus  coupler 
10"  is  used.  The  electrostatic  coupling  can  be 
depicted  as  stray  capacitance  66  and  68  between 
the  bus  coupler  winding  32"  formed  by  the  planar 

50  coils  and  the  single-turn  bus  winding  35"  formed 
by  the  twisted  wire  pair  loop  in  which  the  bus 
coupler  10"  is  inserted. 

As  shown  in  FIGURE  5C,  the  upper  planar 
shield  20,  which  is  shown  in  FIGURE  5B,  elimi- 

55  nates  the  stray  capacitance  66  and  68.  Specifically, 
since  the  upper  planar  shield  20  is  connected  to 
the  common  ground  74,  stray  capacitance  asso- 
ciated  with  the  upper  planar  shield  is  grounded. 

5 
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This  includes  stray  capacitance  70  between  the 
upper  planar  shield  20  and  the  bus  coupler  winding 
32,  and  stray  capacitance  76  and  78  between  the 
upper  planar  shield  20  and  the  twisted  wire  pair  24. 
Grounded  stray  capacitances  are  not  detrimental  to 
the  operation  of  the  current  mode  bus  coupler.  The 
end  result  is  the  elimination  of  electrostatic  cou- 
pling  between  the  twisted  wire  pair  24  and  the  bus 
coupler  winding  32. 

As  illustrated  in  FIGURE  5B,  the  slots  58  and 
60  formed  in  the  upper  planar  shield  20  prevent  the 
upper  planar  shield  from  forming  conductive  paths 
80,  82  and  84  around  the  apertures  36,  37  and  38. 
Upper  planar  shield  conductive  paths  around  the 
apertures  would  effectively  form  shorted  winding 
turns  around  the  ferromagnetic  core  12.  Shorted 
winding  turns  around  any  of  the  legs  of  the  fer- 
romagnetic  core  12  would  significantly  reduce,  or 
eliminate  altogether,  the  electromagnetic  coupling 
between  the  planar  coils  16  and  18  and  the  twisted 
wire  pair  24.  The  lower  planar  shield  slots  62  and 
64  perform  the  same  function. 

As  shown  in  FIGURES  1  and  3,  the  sandwich 
14  can  include  a  dielectric  layer  121  on  top  of  the 
upper  planar  shield  20.  The  dielectric  layer  121 
separates  the  twisted  wire  pair  24  and  the  upper 
planar  shield  20,  and  provides  insulation  between 
the  wires  24  and  the  upper  planar  shield  20  in 
addition  to  that  provided  by  the  insulation  on  the 
wires  themselves.  Effectively,  the  dielectric  layer 
decreases  the  chance  of  voltage  surges  on  the 
twisted  wire  pair  arcing  to  the  upper  planar  shield 
and  affecting  the  operation  of  the  bus  coupler  10. 
Similarly,  a  dielectric  layer  could  be  added  beneath 
the  lower  planar  shield  22  if  the  lower  planar  shield 
is  exposed  to  high  voltages. 

As  will  be  appreciated  from  the  foregoing  de- 
scription,  the  current  mode  bus  coupler  10  shown 
in  FIGURES  1  and  3  has  two  planar  coils:  the 
upper  planar  coil  16,  and  the  lower  planar  coil  18. 
As  shown,  each  planar  coil  has  four  turns.  There- 
fore,  when  the  planar  coils  are  connected  in  series 
in  the  manner  described  above,  the  composite 
winding  has  eight  turns  with  a  center  tap.  If  addi- 
tional  turns  are  needed,  the  planar  coils  can  be 
formed  with  more  turns  or  additional  planar  coils 
can  be  used. 

FIGURE  4  illustrates  an  example  of  a  current 
mode  bus  coupler  formed  in  accordance  with  the 
invention  having  more  than  two  planar  coils.  Spe- 
cifically,  FIGURE  4  is  a  cross-sectional  view  of  a 
current  mode  bus  coupler  86  having  four  planar 
coils.  Other  than  the  additional  planar  coils,  the  bus 
coupler  86  has  the  same  structure  as  the  bus 
coupler  10  shown  in  FIGURES  1  and  3.  The  FIG- 
URE  4  current  mode  bus  coupler  86  includes  a 
lower  planar  coil  88,  a  lower  middle  planar  coil  90, 
an  upper  middle  planar  coil  92,  and  an  upper 

planar  coil  94.  The  planar  coils  are  all  connected  in 
series.  The  inner  end  96  of  the  lower  planar  coil  88 
is  connected  by  a  through-hole  98  to  the  inner  end 
100  of  the  lower  middle  planar  coil  90,  the  outer 

5  end  102  of  the  lower  middle  planar  coil  90  is 
connected  by  a  through-hole  104  to  the  outer  end 
to  106  of  the  upper  middle  planar  coil  92,  and  the 
inner  end  108  of  the  upper  middle  planar  coil  92  is 
connected  by  a  through-hole  110  to  the  inner  end 

io  112  of  the  upper  planar  coil  94.  Preferably,  each  of 
the  planar  coils  is  formed  with  an  orientation  such 
that  an  electrical  current  flowing  through  each  of 
the  planar  coils  from  the  outer  end  114  of  the  lower 
planar  coil  88  to  the  outer  end  116  of  the  upper 

is  planar  coil  94  encircles  the  central  core  leg  with 
the  same  clockwise/counterclockwise  sense  when 
passing  through  each  planar  coil.  The  planar  coils 
can  be  center  tapped  by  forming  a  terminal  lead 
connected  to  the  through-hole  104.  For  example,  a 

20  conductive  path  could  be  connected  to  the  outer 
end  106  of  the  upper  middle  planar  coil  and  extend 
out  the  left  side  of  the  sandwich  118,  in  the  same 
plane  as  the  upper  middle  planar  coil  92. 

In  addition  to  being  expanded  to  include  addi- 
25  tional  planar  coils,  the  multiple  planar  coils  of  struc- 

tures,  such  as  those  shown  in  FIGURES  3  and  4, 
could  be  interconnected  to  form  two  or  more  sepa- 
rate  windings.  For  example,  four  of  the  planar  coils 
of  an  eight  planar  coil  current  mode  bus  coupler 

30  formed  in  accordance  with  the  invention  could  be 
interconnected  with  through-holes  to  form  one 
winding,  and  the  other  four  planar  coils  intercon- 
nected  with  through-holes  to  form  a  second  wind- 
ing.  The  two  windings  could  serve  the  same  func- 

35  tion,  with  one  of  the  windings  providing  redundancy 
in  case  the  other  winding  fails. 

The  bus  coupler  of  the  present  invention  can 
be  used  as  a  transmitter  or  a  receiver,  or  both.  The 
terminal  couplers  30  shown  in  FIGURE  2  include 

40  two  bus  couplers,  one  serving  as  a  transmitter  and 
the  other  as  a  receiver.  As  shown  in  FIGURE  2, 
preferably  the  fixed  winding  32'  of  the  receive  bus 
coupler  10'  has  more  turns  than  the  fixed  winding 
32  of  the  transmit  bus  coupler  10,  so  that  the 

45  receive  bus  coupler  10'  is  more  sensitive  to  signals 
flowing  on  the  data  bus  cable  24. 

Preferably,  current  mode  bus  couplers  10 
formed  in  accordance  with  the  present  invention 
are  formed  using  existing  technologies.  For  exam- 

50  pie,  the  sandwich  14  shown  in  FIGURES  1  and  3  of 
alternating  conductive  and  dielectric  layers  can  be 
formed  using  printed  circuit  board  fabrication  tech- 
niques.  The  formation  of  the  sandwich  14  begins 
with  upper,  middle  and  lower  dielectric  substrates 

55  118,  120  and  122  formed  of  a  conventional  printed 
circuit  board  dielectric  material.  A  thin  layer  of 
conductive  material,  such  as  copper,  is  deposited 
on  the  upper  surface  of  the  upper  dielectric  sub- 

6 



11 EP  0  507  360  A2 12 

strate  118  and  etched  to  form  the  slotted  upper 
planar  shield  20.  A  thin  layer  of  conductive  ma- 
terial,  e.g.,  copper,  is  deposited  on  the  upper  sur- 
face  of  the  middle  dielectric  substrate  120  and 
etched  to  form  the  upper  planar  coil  16.  The  lower 
planar  coil  18  is  formed  on  the  upper  surface  of  the 
lower  dielectric  substrate  122  in  a  similar  manner. 
The  center  tap  terminal  54  is  formed  by  depositing 
and  suitably  etching  a  thin  strip  of  conductive  ma- 
terial  on  the  lower  surface  of  the  middle  dielectric 
substrate  120.  Conductive  material  would  also  be 
deposited  on  the  lower  surface  of  the  lower  dielec- 
tric  substrate  122  and  etched  to  form  the  slotted 
lower  planar  shield  22.  After  being  formed,  the 
upper,  middle  and  lower  dielectric  substrates  are 
bonded  together  with  a  dielectric  adhesive,  such  as 
a  resin.  Preferably,  the  middle  dielectric  substrate 
120  is  first  adhered  to  the  lower  dielectric  substrate 
102  with  a  layer  of  dielectric  adhesive  124,  shown 
in  FIGURE  3.  The  through-hole  48  is  then  drilled 
from  the  inner  end  44  of  the  upper  planar  coil  to 
the  inner  end  46  of  the  lower  planar  coil  and  plated 
with  a  conductive  material.  The  upper  dielectric 
substrate  118  is  then  adhered  to  the  middle  dielec- 
tric  substrate  with  a  layer  126  of  dielectric  adhe- 
sive.  If  used,  the  dielectric  layer  121  would  also  be 
formed  of  printed  circuit  board  dielectric  material 
and  would  be  adhered  to  the  surface  of  the  upper 
planar  shield  20.  If  not  previously  formed,  the  ap- 
ertures  36,  37  and  38  for  receiving  the  ferromag- 
netic  core  legs  are  then  formed  in  the  sandwich  14 
with,  for  example,  a  punch,  a  drill  and  broach,  or  a 
laser  cutter. 

The  sandwich  118  of  the  current  mode  bus 
coupler  86  shown  in  FIGURE  4  can  be  formed  in  a 
similar  way,  except  that  additional  fabrication  steps 
are  needed  to  form  the  upper  planar  coil  94  on  the 
lower  surface  of  an  upper  dielectric  substrate  125 
and  to  form  the  lower  middle  planar  coil  90  on  the 
lower  surface  of  a  middle  dielectric  substrate  123. 
As  in  the  two-coil  embodiment  shown  in  FIGURE  3, 
the  lower  planar  coil  88  would  be  formed  on  the 
upper  surface  of  a  lower  dielectric  substrate  127. 
The  dielectric  substrates  123,  125  and  127  would 
be  bonded  together  with  a  dielectric  adhesive  of 
sufficient  thickness  so  that  adjacent  planar  coils  are 
electrically  isolated  from  each  other,  other  than 
connections  formed  with  plated  through-holes.  The 
through-holes  110  and  98  are  formed  in  the  dielec- 
tric  adhesive  as  the  structure  is  being  built  up. 

An  alternative  form  of  the  current  mode  bus 
coupler  formed  in  accordance  with  the  invention  is 
schematically  illustrated  in  FIGURE  6.  In  this  em- 
bodiment,  the  ferromagnetic  core  128  comprises 
an  l-shaped  element  130  and  a  U-shaped  element 
132,  which  are  separably  joined  to  form  a  rectan- 
gle.  The  U-shaped  element  132  has  a  left  leg  134 
and  a  right  leg  136.  Planar  coils  are  shown  spiral- 

ing  about  both  the  left  leg  134  and  the  right  leg 
136.  The  planar  coils  are  formed  in  a  sandwich 
structure  (not  shown)  similar  to  the  sandwich  struc- 
tures  shown  in  FIGURES  1,  3,  and  4.  For  simplic- 

5  ity,  and  to  emphasize  the  alternative  features,  only 
the  planar  coils  are  illustrated  in  FIGURE  6.  The 
sandwich  is  formed  with  two  apertures  for  receiving 
the  legs  of  the  U-shaped  element  132.  The  planar 
coils  are  formed  in  the  sandwich  so  as  to  spiral 

io  outward  from  the  apertures. 
The  embodiment  illustrated  in  FIGURE  6  in- 

cludes  a  left  set  of  upper  and  lower  planar  coils 
138  and  140  encircling  the  left  leg  134  of  the 
ferromagnetic  core  128,  and  a  right  set  of  upper 

is  and  lower  planar  coils  142  and  144  encircling  the 
right  leg  136.  The  left  set  upper  and  lower  planar 
coils  138  and  140  are  interconnected  at  their  inner 
ends  with  a  through-hole  146.  Similarly,  the  right 
set  upper  and  lower  planar  coils  142  and  144  are 

20  interconnected  at  their  inner  ends  with  a  through- 
hole  148.  The  outer  end  of  the  left,  lower  planar 
coil  140  is  connected  to  the  outer  end  of  the  right, 
lower  planar  coil  144  with  a  conductive  trace  150.  A 
conductive  trace  152  is  connected  to  the  outer  end 

25  of  the  left,  upper  planar  coil  138  to  form  one 
terminal,  and  a  conductive  trace  154  is  connected 
to  the  outer  end  of  the  right,  upper  planar  coil  142 
to  form  another  terminal.  In  this  manner,  the  four 
planar  coils  are  connected  in  series  to  provide  a 

30  single  winding  with  the  terminals  152  and  154.  If  a 
center  tap  is  necessary  it  can  be  provided  by  a 
further  conductive  trace  155  connected  to  the  con- 
ductive  trace  150  that  interconnects  the  lower 
planar  coils  140  and  144.  The 

35  clockwise/counterclockwise  spiraling  sense  of  each 
of  the  planar  coils  is  chosen  such  that  each  planar 
coil  produces  magnetic  flux  with  the  same  sense 
about  the  rectangular  ferromagnetic  core  when  a 
current  flows  between  the  terminals  152  and  154. 

40  For  example,  with  the  spiraling  sense  of  the  coils 
shown  in  FIGURE  6,  a  current  flowing  from  the 
terminal  152  to  the  terminal  154  would  produce 
counterclockwise  flux  flowing  around  the  ferromag- 
netic  core  128.  The  concept  illustrated  in  FIGURE 

45  6  can  be  readily  expanded  to  include  additional  left 
leg  and  right  leg  coils.  The  current  mode  bus 
coupler  illustrated  in  FIGURE  6  would  be  inserted 
in  a  twisted  wire  156  by  means  of  the  separable 
core  elements  130  and  132.  The  l-shaped  core 

50  element  130  would  be  removed  and  the  right  and 
left  legs  of  the  U-shaped  element  132  would  be 
inserted  through  a  pair  of  adjacent  loops  158  and 
160  formed  in  the  twisted  wire  pair  156. 

While  preferred  embodiments  of  the  invention 
55  have  been  illustrated  and  described,  it  will  be  ap- 

preciated  that  various  changes,  in  addition  to  those 
previously  mentioned  herein,  can  be  made  therein 
without  departing  from  the  spirit  and  scope  of  the 
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invention.  For  example,  the  current  mode  bus  cou- 
pler  could  be  enclosed  with  a  casing  that  provides 
additional  shielding,  e.g.,  a  casing  formed  of  a 
conductive  material.  Thus,  within  the  scope  of  the 
appended  claims  it  is  to  be  understood  that  the 
invention  can  be  practiced  otherwise  then  as  spe- 
cifically  described  herein. 

Claims 

The  embodiments  of  the  invention  in  which  an 
exclusive  property  or  privilege  is  claimed  are  de- 
fined  as  follows: 
1.  A  current  mode  bus  coupler  for  electromag- 

netically  coupling  a  terminal  unit  with  a  current 
bus  formed  of  two  insulated  wires  twisted 
about  one  another  to  form  a  plurality  of  loops, 
said  current  mode  bus  coupler  comprising: 

(a)  a  dielectric  substrate  having  an  aperture; 
(b)  an  electrically  conductive  planar  coil 
formed  on  said  dielectric  substrate  so  as  to 
surround  said  first  aperture  and  spiral  out- 
wardly  therefrom; 
(c)  an  electrically  conductive  planar  shield 
located  on  one  side  of  said  dielectric  sub- 
strate,  said  planar  shield  including  an  ap- 
erture  aligned  with  the  aperture  of  said  di- 
electric  substrate,  said  planar  shield  includ- 
ing  a  slot  that  extends  outwardly  from  said 
aperture  in  said  planar  shield;  and 
(d)  a  ferromagnetic  core  formed  of  two  sep- 
arable  elements  that  when  joined  together 
form  at  least  one  closed  magnetic  path,  one 
of  said  separable  elements  including  a  leg 
mounted  in  said  aperture  in  said  dielectric 
substrate  and  said  planar  shield,  said  sep- 
arable  elements  separable  to  allow  a  loop  of 
a  current  bus  formed  of  two  insulated  wires 
twisted  into  loops  to  be  positioned  about 
said  leg  on  the  opposite  side  of  said  planar 
shield  from  said  planar  coil. 

2.  The  current  mode  bus  coupler  claimed  in 
Claim  1  ,  wherein: 

said  dielectric  substrate  and  said  planar 
shield  each  have  a  second  aperture; 

one  of  said  ferromagnetic  core  elements 
includes  a  second  leg  magnetically  coupled  to 
said  first  leg  when  said  separable  core  ele- 
ments  are  joined  together; 

said  second  leg  is  mounted  in  said  second 
aperture;  and 

said  planar  shield  includes  a  second  slot 
that  extends  outwardly  from  said  second  ap- 
erture. 

3.  The  current  mode  bus  coupler  claimed  in 
Claim  2,  wherein  said  slots  merge  into  one 

another. 

4.  The  current  mode  bus  coupler  claimed  in 
Claim  2,  wherein: 

5  said  dielectric  substrate  and  said  planar 
shield  each  have  a  third  aperture; 

one  of  said  ferromagnetic  core  elements 
includes  a  third  leg  magnetically  coupled  to 
said  first  and  second  legs  when  said  separable 

io  core  elements  are  joined  together; 
said  third  leg  is  mounted  in  said  third 

aperture;  and 
said  planar  shield  includes  a  third  slot  that 

extends  outwardly  from  said  third  aperture. 
15 

5.  The  current  mode  bus  coupler  claimed  in 
Claim  4,  wherein  said  slots  extend  between 
said  first,  second  and  third  apertures. 

20  6.  The  current  mode  bus  coupler  claimed  in 
Claim  4,  wherein  said  ferromagnetic  core  com- 
prises  two  E-shaped  elements  whose  legs, 
when  joined,  form  said  first,  second,  and  third 
legs. 

25 
7.  The  current  mode  bus  coupler  claimed  in 

Claim  6,  further  comprising  a  second  elec- 
trically  conductive  planar  shield  located  on  the 
other  side  of  said  dielectric  substrate  from  said 

30  first  planar  shield,  said  second  planar  shield 
including  first,  second,  and  third  apertures 
aligned  with  said  first,  second  and  third  ap- 
ertures  in  said  dielectric  substrate  and  said 
first  planar  shield  for  respectively  receiving 

35  said  first,  second,  and  third  legs  of  said  fer- 
romagnetic  core,  said  second  planar  shield  in- 
cluding  slots  that  extend  outwardly  from  said 
first,  second  and  third  apertures  in  said  second 
planar  shield. 

40 
8.  The  current  mode  bus  coupler  claimed  in 

Claim  7,  wherein  said  slots  in  said  first  and 
second  planar  shields  extend  between  their 
respective  first,  second  and  third  apertures. 

45 
9.  The  current  mode  bus  coupler  claimed  in 

Claim  7,  further  comprising  a  second  elec- 
trically  conductive  planar  coil,  said  second 
planar  coil  spaced  from  said  first  planar  coil 

50  and  positioned  between  said  first  and  second 
planar  shields,  said  second  planar  coil  posi- 
tioned  so  as  to  surround  one  of  said  legs  of 
said  ferromagnetic  core  and  spiral  outwardly 
therefrom. 

55 
10.  The  current  mode  bus  coupler  claimed  in 

Claim  9,  wherein  said  first  and  second  planar 
coils  surround  the  same  leg  of  said  ferromag- 

8 
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netic  core.  said  first  planar  coil  is  covered  with  a  dielectric 
material. 

11.  The  current  mode  bus  coupler  claimed  in 
Claim  10,  wherein  the  spiral  direction  of  said 
first  and  second  planar  coils  have  the  opposite  5 
clockwise/counterclockwise  sense. 

12.  The  current  mode  bus  coupler  claimed  in 
Claim  9,  including: 

a  second  dielectric  substrate,  said  first  10 
planar  shield  being  formed  on  said  second 
dielectric  substrate;  and 

a  third  dielectric  substrate,  said  second 
planar  shield  and  said  second  planar  coil  being 
formed  on  opposite  sides  of  said  third  dielec-  is 
trie  substrate. 

13.  The  current  mode  bus  coupler  claimed  in 
Claim  12,  wherein: 

said  first  dielectric  substrate  is  adhesively  20 
attached  with  a  dielectric  adhesive  to  the  side 
of  said  third  dielectric  substrate  on  which  said 
second  planar  coil  is  formed;  and 

said  second  dielectric  substrate  is  adhe- 
sively  attached  with  a  dielectric  adhesive  to  the  25 
side  of  said  first  dielectric  substrate  opposite 
to  the  side  attached  to  said  third  dielectric 
substrate. 

14.  The  current  mode  bus  coupler  claimed  in  30 
Claim  2,  wherein  said  ferromagnetic  core  in- 
cludes  a  U-shaped  element  whose  legs  form 
said  first  and  second  legs  and  an  l-shaped 
element  positionable  across  the  ends  of  the 
legs  of  said  U-shaped  element.  35 

15.  The  current  mode  bus  coupler  claimed  in 
Claim  14,  further  comprising  a  second  elec- 
trically  conductive  planar  shield  located  on  the 
other  side  of  said  dielectric  substrate  from  said  40 
first  planar  shield,  said  second  planar  shield 
including  first  and  second  apertures  aligned 
with  said  first  and  second  apertures  in  said 
dielectric  substrate  and  said  first  planar  shield 
for  respectively  receiving  said  first  and  second  45 
legs  of  said  ferromagnetic  core,  said  second 
planar  shield  including  slots  that  extend  out- 
wardly  from  said  first  and  second  apertures  in 
said  second  planar  shield. 

50 
16.  The  current  mode  bus  coupler  claimed  in 

Claim  15,  wherein  said  slots  in  said  first  and 
second  planar  shields  extend  between  their 
respective  first  and  second  apertures. 

55 
17.  The  current  mode  bus  coupler  claimed  in 

Claims  1,  3,  5,  8,  11,  13  or  16,  wherein  the 
side  of  said  first  planar  shield  opposite  from 

9 
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