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©  Apparatus  and  method  for  electromagnetical  field  susceptibility  testing. 

©  Apparatus  and  method  for  low  cost  monitoring 
the  level  of  signal  at  a  test  point  in  a  system  for 
susceptibility  to  electromagnetic  fields.  A  probe  (10), 
including  a  detector  diode,  and  a  non-metallic,  elec- 
trically  overdamped  conductor  (29,50),  which  is 
transparent  to  the  electromagnetic  field,  is  used  to 
monitor  the  signal  level  at  a  test  point  as  an  am- 
plitude  modulated  radio  frequency  carrier.  The  car- 
rier  is  transmitted  to  a  monitor  (4)  outside  of  the 
range  of  the  electromagnetic  field  using  a  transmis- 
sion  link,  such  as  an  optical  waveguide  transmitter 
(2),  that  is  transparent  to  the  electromagnetic  field 
when  the  system  under  test  fails.  The  system  under 
test  can  then  be  removed  from  the  electromagnetic 
field  and,  for  each  frequency  at  which  the  system 

failed,  a  voltage  can  be  injected,  using  a  voltage 
injection  probe  (90),  into  the  system  at  another  point 
to  recreate  the  detected  level  of  signal  at  the  test 
point  that  was  coupled  into  the  system  from  the 
electromagnetic  field.  This  simulates  the  effect  of  the 
susceptibility  to  the  electromagnetic  field,  and  per- 
mits  testing  of  a  suitable  filter  or  other  expedient 
applied  to  the  system,  even  though  the  system  is 
not  exposed  to  the  electromagnetic  field.  Thus,  the 
system  may  be  tested  for  susceptibility  inside  a 
shielded  enclosure  and  subjected  to  a  controlled 
electromagnetic  field,  and  the  susceptibility  may  be 
recreated  and  solved  outside  of  the  shielded  enclo- 
sure. 
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FIELD  OF  THE  INVENTION 

The  present  invention  relates  to  the  field  of 
testing  the  susceptibility  of  devices  and  systems  to 
radiated  electromagnetic  fields,  and  E  fields  in  par- 
ticular. 

BACKGROUND  OF  THE  INVENTION 

Analog  and  digital  electronic  circuitry  and  at- 
tendant  wiring  may  encounter  serious  operating 
difficulty  in  the  presence  of  radiated  electromag- 
netic  fields.  When  such  fields  interfere  with  the 
operation  of  electronic  circuitry,  they  are  generally 
referred  to  as  Electromagnetic  Interference  (EMI) 
fields.  The  circuits  and  attendant  wiring  may  be 
shielded  and  filtered  to  provide  some  immunity  to 
large  electromagnetic  fields,  however,  it  is  not  pos- 
sible  or  practical  to  design  the  circuitry  and  atten- 
dant  wiring  so  as  to  ensure  immunity  to  such  fields. 
Indeed,  shielded  cables  can  sometimes  be  more 
susceptible  to  EMI  problems  than  unshielded  wires, 
because  bending  of  a  shielding  cable,  or  other 
abuse,  may  produce  a  pin  hole  in  the  shielding, 
which  can  cause  the  shielding  to  act  as  a 
waveguide  for  EMI,  with  consequent  deleterious 
effects. 

Methods  and  apparatus,  therefore,  are  required 
to  test  the  susceptibility  of  the  devices,  such  as 
integrated  circuits,  electrical  components,  and  the 
like,  and  systems,  such  as  automotive  electrical 
systems,  for  both  commercial  and  military  applica- 
tions,  to  electromagnetic  fields.  The  term  "system" 
is  employed  hereinafter  to  broadly  describe  any 
device  or  system,  such  as,  but  not  limited  to  those 
described  above,  that  may  be  tested  for  suscepti- 
bility  to  radiated  electromagnetic  fields. 

Electromagnetic  field  testing  is  typically  per- 
formed  in  shielded  enclosures,  or  "screen  rooms," 
which  provide  an  environment  wherein  ambient 
electromagnetic  fields  are  eliminated  and  a  con- 
trolled  field  is  produced,  in  order  to  determine,  with 
certainty,  the  effect  of  a  given  level  (measured  in 
volts  per  meter)  and  frequency  of  electromagnetic 
fields  on  the  system  undergoing  test.  Apparatus 
typically  used  inside  the  shielded  enclosure  in- 
cludes  current  probes  attached  to  a  system  har- 
ness  wire  and  a  transmitter  which  sends  the  signals 
detected  by  the  probes  to  a  receiver  outside  the 
shielded  enclosure,  where  the  effects  of  the  elec- 
tromagnetic  fields  on  the  system  are  determined. 

To  ensure  the  integrity  of  the  shielded  enclo- 
sure  and  the  results  of  the  tests,  any  voltage  mea- 
suring  apparatus  within  the  screen  room  should 
minimally  perturb  the  controlled  electromagnetic 
fields  and  should  not  inject  EMI  into  the  system. 
For  example,  any  test  apparatus  which  might  re- 
radiate  electromagnetic  fields  impinging  on  the  de- 

vice  under  test,  or  might  itself  be  susceptible  to 
such  fields  or  otherwise  inject  any  noise  into  the 
system,  must  be  avoided. 

In  United  States  Patent  No.  4,939,446,  by  Wes- 
5  ley  A.  Rogers,  the  inventor  of  the  present  invention, 

the  performance  of  a  system  under  test  is  ob- 
served  in  a  shielded  enclosure,  with  and  without 
the  presence  of  controlled  E  fields  radiated  by  one 
or  more  antennas.  The  problem  of  re-radiation  of 

io  fields,  or  the  injection  of  noise  into  the  system  by 
the  test  equipment  itself,  is  eliminated  through  the 
use  of  non-metallic  overdamped  conductors,  and  a 
hybrid  electrical/optical  transmitter  and  optical  ca- 
ble  used  to  transmit  voltage  signals  from  the  sys- 

75  tern  to  a  receiver  monitored  by  an  oscilloscope 
located  outside  the  shielded  enclosure.  The  ap- 
proach  set  forth  in  the  above  patent  allows  ac- 
curate  testing  of  systems  in  a  controlled  elec- 
tromagnetic  environment,  since  the  overdamped 

20  conductors  are  transparent  to  the  electromagnetic 
fields.  The  entire  disclosure  of  U.S.  Patent 
4,939,446  is  incorporated  herein  by  reference 
thereto. 

The  standard  operating  procedure  in  determin- 
25  ing  the  susceptibility  of  systems  to  radiated  elec- 

tromagnetic  fields  is  to  place  the  system  in  a 
shielded  enclosure,  as  mentioned  above,  and  to 
test  the  susceptibility  of  the  system  over  a  wide 
range  of  radio  frequencies,  for  example  from  10 

30  KHz  to  18  GHz  or  more.  The  radiated  field  is  swept 
through  the  desired  frequency  range,  at  a  range  of 
levels,  e.g.  between  1  v/m  and  300  v/m,  and  the 
susceptibility  of  the  system  is  determined  over  the 
range  of  frequencies.  If,  for  example,  it  is  deter- 

35  mined  that  the  system  is  susceptible  to  a  radiated 
field  at  2  GHz  and  a  certain  volt  per  meter  level,  a 
suitable  filter  or  other  expedient  can  be  placed  in 
the  system,  and  the  system  retested  at  that  fre- 
quency  and  level  to  see  whether  the  filter  is  effec- 

40  tive  in  removing  the  system's  susceptibility.  If  the 
system  is  still  susceptible,  the  filter  must  be 
changed,  or  another  approach  must  be  adopted. 

This  trial  and  error  technique  must  be  used  for 
each  frequency  and  level  at  which  there  is  a  sus- 

45  ceptibility  problem.  Moreover,  the  trial  and  error 
testing  and  retesting  has  to  take  place  in  a  shielded 
enclosure,  as  referred  to  above,  since  the  FCC 
prohibits  the  generation  of  the  antenna-radiated 
fields  necessary  to  conduct  open  air  testing,  and 

50  since  there  is  no  way  to  tell  what  effect,  if  any, 
ambient  fields  might  have  on  the  system  ~  the 
controlled  environment  provided  by  the  shielded 
enclosure  is  necessary  to  accurately  determine 
susceptibility  problems.  The  testing  and  retesting 

55  of  systems,  in  order  to  troubleshoot  and  alleviate 
susceptibility  to  radiated  fields,  usually  requires 
between  one  and  two  weeks  for  each  system.  The 
rental  of  a  shielded  enclosure,  such  as  a  screen 
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room,  can  cost  between  $1  ,000-$3,000  a  day,  and 
thus  runs  into  considerable  expense,  and  consti- 
tutes  a  bottleneck  for  the  development  of  new 
systems.  Furthermore,  even  with  this  procedure, 
there  is  no  indication  of  the  voltage  level  of  EMI 
induced  in  the  system  that  caused  a  failure.  A  test 
technique  that  allows  an  accurate  determination  of 
that  level  has  long  been  desired. 

OBJECTS  AND  SUMMARY  OF  THE  INVENTION 

It  is  therefore  an  object  of  the  present  invention 
to  overcome  the  difficulties  associated  with  the 
prior  art. 

It  is  a  further  object  of  the  present  invention  to 
allow  rapid  and  less  expensive  testing  of  systems 
for  susceptibility  to  radiated  electromagnetic  fields. 

It  is  a  further  object  of  the  present  invention  to 
provide  a  probe  that  allows  the  level  of  a  radiated 
field  coupled  into  a  system  to  be  measured,  with- 
out  injecting  the  radiated  field  energy  into  the  sys- 
tem,  or  otherwise  affecting  the  level  of  EMI  coupled 
into  a  system. 

It  is  a  further  object  of  the  present  invention  to 
provide  an  apparatus  and  method  for  accurately 
correcting  for  susceptibility  to  radiated  fields  out- 
side  of  a  shielded  enclosure  --  after  initial  testing  in 
a  shielded  enclosure. 

It  is  a  further  object  of  the  present  invention  to 
provide  an  apparatus  and  method  for  determining 
the  level  of  EMI  coupled  into  a  system  for  particu- 
lar  levels  and  frequencies  of  radiated  fields. 

It  is  a  further  object  of  the  present  invention  to 
provide  apparatus  for  radio  frequency  (RF)  voltage 
injection  into  a  wire  of  a  system  under  test. 

It  is  a  further  object  of  the  present  invention  to 
provide  an  apparatus  and  method  that  allow  the 
injection  of  RF  voltages  into  a  system  at  a  level 
and  frequency  so  as  to  accurately  simulate  the 
susceptibility  of  the  system  to  particular  levels  and 
frequencies  of  radiated  fields. 

In  accordance  with  the  present  invention,  a 
probe  is  first  used  to  monitor  the  level  of  a  radiated 
electromagnetic  field,  in  the  form  of  an  amplitude 
modulated  (AM)  RF  carrier,  coupled  into  a  system 
in  a  shielded  enclosure.  The  probe  includes  a 
detector  diode  which  is  placed  at  a  selected  part  of 
the  system.  The  output  of  the  detector  diode,  is 
applied  to  a  monitor  outside  the  shielded  enclosure 
through  the  use  of  a  non-metallic,  overdamped 
wire,  and  a  suitable  transmission  link.  The  probe 
and  non-metallic  wire  are  neither  susceptible  to  the 
radiated  field,  nor  do  they  inject  EMI  into  the  sys- 
tem  under  test. 

The  amplitude  modulation  detected  by  the  de- 
tector  diode  is  easily  within  the  pass  band  of  the 
non-metallic,  overdamped  wire  so  that  the  detected 
signal  can  pass  to  the  monitor,  through  the  over- 

damped  wire  and  through  the  transmission  link, 
which  can  be  in  the  form  of  an  optical  transmitter. 

The  voltage  level  and  frequency  of  EMI  coup- 
led  into  the  system,  as  detected  by  the  detector 

5  diode,  is  noted  whenever  the  system  under  test 
fails.  The  system  can  then  be  removed  from  the 
shielded  enclosure  and  for  each  frequency  and 
level  at  which  the  system  was  susceptible  to  the 
field,  an  amplitude  modulated  RF  voltage  can  be 

io  injected  into  the  system  at  a  level  sufficient  to 
recreate  the  level  of  EMI  coupled  into  the  system 
in  the  shielded  enclosure,  thereby  essentially  repli- 
cating  the  effect  of  the  controlled  field  level  in  the 
shielded  enclosure.  A  suitable  filter  or  other  expedi- 

15  ent  can  then  be  applied  to  the  system,  the  same 
voltage  level  can  be  injected  into  the  system,  and 
the  system  can  be  observed  to  see  whether  it  no 
longer  fails  under  such  conditions. 

In  accordance  with  another  aspect  of  the 
20  present  invention,  the  probe  comprises  a  micro- 

wave  circuit  designed  to  maintain  the  input  imped- 
ance  of  the  diode  constant  throughout  the  fre- 
quency  range  of  interest. 

In  accordance  with  another  aspect  of  the 
25  present  invention,  a  capacitive  voltage  injection 

probe  is  provided  for  allowing  the  injection  of  volt- 
age  into  the  system  under  test  when  in  accordance 
with  the  testing  procedure  described  above. 

30  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

These  and  other  objects,  aspects  and  embodi- 
ments  of  the  invention  will  be  described  in  more 
detail  with  reference  to  the  following  drawing  fig- 

35  ures  of  which: 
FIG.  1  is  a  diagram  illustrating  the  use  of  the 
probe,  non-metallic  conductors  and  transmission 
link,  in  accordance  with  one  aspect  of  the 
present  invention,  in  a  shielded  enclosure,  to 

40  determine  the  level  of  a  field  coupled  onto  wires 
of  systems  under  test; 
FIG.  2  depicts  signals  radiated,  coupled,  de- 
tected  and  injected,  in  accordance  with  the 
method  of  determining  and  correcting  the  sus- 

45  ceptibility  of  systems  to  EMI,  in  accordance  with 
another  aspect  of  the  present  invention; 
FIG.  3  is  a  diagram  illustrating  the  use  of  the 
probe,  non-metallic  conductors  and  transmission 
link  outside  the  shielded  enclosure,  to  simulate 

50  the  conditions  within  the  shielded  enclosure. 
FIG.  4  is  a  schematic  diagram  illustrating  a 
specific  embodiment  of  the  detector  probe  cir- 
cuitry  used  in  accordance  with  the  present  in- 
vention; 

55  FIGS.  5A  and  5B  illustrate  an  example  of  the 
microwave  circuit  board  implementation  of  the 
circuitry  illustrated  in  Figure  4; 
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FIG.  6  is  a  diagram  illustrating  the  detail  of  the 
connectors  employed  in  the  microwave  circuit 
board  implementation  of  Figures  5A  and  5B;  and 
FIG.  7  is  a  schematic  illustration  of  circuitry 
employed  in  voltage  injection,  in  accordance 
with  another  aspect  of  the  present  invention. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

With  reference  to  FIG.  1,  a  probe  1,  in  accor- 
dance  with  one  aspect  of  the  present  invention,  is 
illustrated  along  with  an  optical  transmission  link, 
as  used  in  accordance  with  the  method  of  deter- 
mining  and  correcting  for  EMI  susceptibility  of  a 
system  under  test,  in  accordance  with  another  as- 
pect  of  the  present  invention.  Specifically,  the 
probe  1  is  connected  to  a  lead  10  of  the  system 
under  test,  such  as  an  automotive  electrical  sys- 
tem,  by  way  of  a  clip  or  pin  12  which  can  either 
comprise  a  short  conductive  clip  or  pin,  having  a 
length  less  than  or  equal  to  one  centimeter,  to 
prevent  the  field  from  coupling  onto  the  clip  or  pin. 
Alternatively,  a  longer  clip  or  pin  can  be  employed, 
having  its  insulation  coated  with  a  conductive  paint 
or  foil,  open  at  both  ends,  to  effectively  shield  it 
from  EMI. 

The  detector  probe  1  is  also  connected  to  a 
ground  wire  18  from  the  system  under  test  by  way 
of  non-metallic  conductor  22,  and  to  optical  trans- 
mitter  2,  by  way  of  non-metallic  conductors  20  and 
50.  The  non-metallic  conductors  20,  22  and  50  can 
be  formed  of  one  or  more  continuous  monofilament 
cores  of  plastic  which  are  impregnated  with  fine 
conductive  particles,  such  as  carbon,  and  covered 
with  the  plastic  insulating  sheet.  A  conductor  ma- 
terial  with  the  above  described  characteristics  is 
marketed  by  the  Polymer  Corporation  of  Reading, 
Pennsylvania  under  the  trade  name 
FLUOROSINT®  719.  It  comprises  a  car- 
bon/fluropolymer  core  0.76  mm  (0.30  inches)in  di- 
ameter  enclosed  by  a  transparent  nylon  insulating 
cover  with  an  outer  diameter  of  1.02  mm  (0.040 
inches)  and  has  resistance  per  length  of  cable 
within  the  range  of  66  -  100  K  ohms/m  (20,000- 
30,000  ohms/foot).  Such  non-metallic  cores  have  a 
uniformly  distributed  resistance,  capacitance  and 
inductance,  causing  them  to  be  electrically  over- 
damped  and  transparent  to  electromagnetic  fields. 
It  must  be  noted,  however,  that  the  bandwidth  of 
such  cores  is  usually  no  more  than  approximately 
20  MHz,  much  less  than  many  of  the  frequency 
ranges  of  interest.  Preferably,  the  conductors  20, 
22  and  50  can  be  formed  of  four  or  five  such 
monofilament  cores  to  reduce  the  linear  resistance 
to  about  20  K  ohms/m  (6K  ohms/foot),  the  conduc- 
tors  20,  22  and  50  preferably,  providing  total  resis- 
tance  on  the  order  of  10,000  to  20,000  ohms. 
However,  a  conventional  resistor  can  be  used  in- 

stead  of  non-metallic  conductor  22  if  it  is  enclosed 
in  an  EMI-hardened  enclosure,  but  the  conductor 
between  the  enclosure  and  ground  must  be  non- 
metallic. 

5  It  will  be  appreciated,  in  view  of  the  above 
mentioned  U.S.  Patent  No.  4,939,446,  that  by  main- 
taining  proper  lengths  of  the  metallic  conductors 
such  as  pin  12,  by  covering  the  insulation  of  such 
elements  with  conductive  paint  or  foil,  and  by  using 

io  the  non-metallic  conductors  20,  22  and  50,  the 
probe  in  accordance  with  the  present  invention  is 
transparent  to  electromagnetic  fields,  will  not  re- 
radiate  such  fields,  and  will  not  inject  EMI  into  the 
system  under  test. 

is  The  other  ends  of  non-metallic  conductors  20 
and  50  are  applied  to  an  optical  transmitter  2, 
which  includes  a  high  input  impedance  amplifier 
having  a  gain  on  the  order  of  approximately  1  ,000, 
although  the  gain  of  the  amplifier  can  be  selected 

20  as  desired,  and  an  LED,  driven  by  the  amplifier, 
which  delivers  a  light  signal  to  optical  cable  26. 
The  exact  form  of  the  amplifier  and  associated 
circuitry  is  not  critical  and  can  be  comprised  of  a 
standard  low  drift  DC  or  analog  amplifier,  but  state 

25  of  the  art  techniques  should  be  used  to  insure 
minimum  operational  amplifier  offset  voltages.  The 
opposite  end  of  the  optical  cable  26  is  applied  to 
an  optical  receiver  3,  which  can  include  a  photo 
diode  or  other  suitable  light  detector,  and  an  am- 

30  plifier  which  receives  the  output  of  the  photo  diode, 
and  which  delivers  an  output  that  can  be  viewed  on 
a  voltage  monitor  4  or  a  plurality  of  monitors,  if 
desired.  The  monitor  4  can  be  any  voltage  sen- 
sitive  device  capable  of  detecting  signals  down  to 

35  the  microvolt  level,  such  as  an  oscilloscope  or 
spectrum  analyser. 

The  detector  probe  1  and  optical  transmission 
link  can  be  used  to  determine  the  level  of  a  radi- 
ated  field  coupled  into  the  system  under  test  that 

40  causes  the  system  to  fail.  As  shown  in  FIG.  1,  the 
system  under  test,  the  probe  1,  the  transmitter  2 
and  a  portion  of  the  optical  cable  26,  are  disposed 
within  a  shielded  enclosure  5  which  provides  a 
controlled  electromagnetic  field  environment, 

45  through  the  activation  of  one  or  more  antennas  6 
which  radiate  an  "E"  field.  The  antenna  6  is  driven 
by  RF  generator  7  in  a  wellknown  manner  and  is 
connected  thereto  by  way  of  shielded  cable  8.  As 
mentioned  above,  shielded  enclosures,  such  as 

50  screen  rooms,  are  routinely  used  in  testing  sys- 
tems  for  electromagnetic  field  susceptibility  since 
FCC  regulations  prohibit  the  use  of  such  radiated 
fields  in  the  open  air,  and  because  systems  being 
tested  outside  the  controlled  environment  of  the 

55  enclosure  might  be  affected  by  ambient  fields,  and 
a  precise  cause-and-effect  relationship  could  not 
be  determined.  By  testing  within  the  shielded  en- 
closure,  ambient  fields  are  eliminated  and  the  field 

4 
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level  applied  to  the  system  is  carefully  controlled. 
The  optical  cable  26  and  shielded  cable  8  pass 

through  the  enclosure  5  by  way  of  waveguide- 
beyond-cutoff  filter  36  and  coaxial  feedthrough  con- 
nector  37,  respectively.  The  optical  transmitter  2 
should  be  disposed  within  an  RF  shielded  enclo- 
sure,  but  alternatively,  the  non-metallic  conductors 
20  and  50  may  extend  out  through  the  filter  36,  in 
which  case  the  optical  portion  of  the  transmission 
link  can  be  omitted,  the  outputs  of  conductors  20 
and  50  being  passed  directly  to  an  amplifier  out- 
side  the  enclosure  5. 

In  order  to  determine  the  level  of  EMI  coupled 
into  the  system  under  test  that  causes  the  system 
to  fail,  RF  generator  7  is  activated  to  cause  antenna 
6  to  radiate  an  E  field  in  the  form  of  an  amplitude 
modulated  carrier  at  a  particular  frequency,  for 
example,  a  1  GHz  carrier,  100%  amplitude  modu- 
lated  by  a  1  KHz  signal,  but  the  frequencies,  modu- 
lation  levels,  etc.,  as  well  as  the  radiated  field  level, 
can  be  chosen  as  desired,  in  a  manner  well  known 
in  the  art.  The  signal  radiated  from  antenna  6  is 
illustrated  in  FIGS.  1  and  2  as  signal  A. 

A  certain  level  of  the  radiated  field  will  be 
coupled  into  the  system  to  produce  a  coupled 
signal  voltage  B,  as  shown  in  FIGS.  1  and  2.  The 
level  of  the  coupled  signal  B  is  detected  by  the 
detector  probe  1  and  the  envelope,  corresponding 
to  the  detected  signal  C,  as  shown  in  FIGS.  1  and 
2,  is  produced  at  the  output  of  the  detector  probe. 
In  the  above  described  example,  signal  C  is  at  the 
modulation  frequency  of  1  KHz,  which  is  easily 
transmitted  along  the  restricted  bandwidth  of  the 
non-metallic  conductors  20  and  50.  The  signal  C  is 
applied  to  optical  transmitter  2,  and  it,  or  a  signal 
related  to  its  average,  RMS,  or  peak  voltage,  such 
as  voltage  level  D,  FIG.  2,  is  transmitted  to  the 
optical  receiver  3,  and  monitored  by  monitor  4. 
Conversion  of  signal  C  to  a  related  voltage  level, 
such  as  the  D.C.  average  voltage,  voltage  level  D, 
can  be  performed  before  or  after  transmission,  and 
if  done  after  transmission,  a  1  KHz  notch  filter,  in 
this  example,  can  be  used  in  the  transmission  path 
in  order  to  eliminate  any  DC  offsets  and/or  noise 
on  the  nonmetallic  wire  or  system  under  test.  Alter- 
natively,  the  signal  C  can  be  transmitted  and  mon- 
itored  directly  at  monitor  4. 

As  is  well  known  in  EMI  testing,  a  power  sup- 
ply  is  typically  employed  to  supply  electrical  power 
to  the  system  under  test,  through  a  Line  Imped- 
ance  Stabilization  Network  (LISN).  LISN's  are  used 
in  most  EMI  test  set-ups  to  stabilize  the  test 
against  variations  in  the  impedance  of  the  power 
supply. 

As  the  testing  proceeds,  the  carrier  frequency 
and  volt/meter  level  of  the  radiated  E  field,  pro- 
duced  by  antenna  6,  is  swept  in  frequency  (usually 
from  10  KHz  to  18  GHz),  and  in  level  until  the 

system  under  test  fails,  at  which  point,  the  voltage 
D  detected  at  the  monitor  4  (FIGS.  1  and  2)  and 
the  carrier  frequency  are  noted,  and  the  frequency 
and  signal  level  are  swept  again  and  the  process 

5  repeated.  The  result  of  such  testing  will  be  a  table 
of  radiated  field  levels  and  frequencies,  at  which 
the  system  failed,  along  with  the  corresponding 
voltage  levels  D  detected  by  the  detector  probe  1  . 

The  system  under  test,  the  detector  probe  1, 
io  the  nonmetallic  conductors  20,  22  and  50,  and  the 

optical  transmitter  2  can  then  be  moved  out  of  the 
enclosure  5  as  shown  in  FIG.  3.  A  voltage  injection 
probe  90,  driven  by  a  standard  RF  generator  91  ,  is 
connected  to  wires  10  and  18  of  the  system  under 

is  test,  as  shown.  RF  generator  91  must  employ  the 
same  modulation  index  (in  this  example  100%)  as 
the  RF  generator  7  used  in  the  screen  room.  Then, 
at  each  frequency  at  which  the  system  failed,  an 
amplitude  modulated  signal  (signal  E,  FIGS.  2  and 

20  3)  is  injected  into  the  system  using  the  voltage 
injection  probe  90  to  be  described  in  detail  with 
reference  to  FIG.  7,  below.  The  modulation  on  the 
injected  signal  E  is  detected  by  the  detector  probe 
1  ,  and  the  voltage  level  is  monitored  by  monitor  4, 

25  as  discussed  in  connection  with  FIG.  1.  The  level 
of  the  injected  signal  (signal  E)  is  then  adjusted  at 
generator  91  until  the  voltage  level  D'  measured  at 
monitor  4,  is  equal  to  the  level  D  for  that  frequency 
measured  in  the  shielded  enclosure.  When  this 

30  level  is  reached,  the  controlled  conditions  of  the 
shielded  enclosure  are  essentially  replicated  out- 
side  of  the  enclosure.  An  EMI  filter  or  other  expedi- 
ent  can  then  be  placed  in  an  appropriate  location  in 
the  system  under  test,  and  the  signal  at  the  level 

35  determined  as  discussed  above,  can  be  injected 
again  into  the  system  under  test,  to  see  whether 
the  system  still  fails  under  such  conditions.  If  it  still 
fails,  a  different  approach,  such  as  a  different  filter, 
can  be  employed,  and  the  process  repeated  until 

40  the  system  no  longer  fails.  The  generator  91  can 
then  be  adjusted  to  the  next  frequency  (if  any)  at 
which  the  system  failed  in  the  shielded  enclosure, 
and  the  above  procedure  repeated. 

A  specific  embodiment  of  the  circuitry  em- 
45  ployed  in  detector  probe  1  in  accordance  with 

another  aspect  of  the  present  invention,  mounted 
on  a  microwave  circuit  board  40,  will  now  be  de- 
scribed  with  reference  to  FIG.  4.  The  clip  or  pin  12 
(FIGS.  1  and  4)  is  connected  to  the  anode  of  a  zero 

50  bias  Schottky  detector  diode  14,  such  as  the 
HSCH-0812,  available  from  Hewlett-Packard  (ge- 
neric  HSCH-3486),  but  other  detector  diodes  can 
be  used,  depending  upon  desired  frequency 
ranges,  bandwidths  and  the  like.  The  diode  leads 

55  should  be  maintained  as  short  as  possible  and 
painted  with  a  reflective  paint  to  prevent  coupling 
of  radiated  fields  into  the  diode  leads.  Preferably, 
the  diode  leads  should  be  kept  to  a  maximum  of 

5 
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one  millimeter  in  length  for  18  GHz  operation  and, 
the  diode  and  its  connections  should  be  mounted 
within  an  RF  shielded  enclosure,  as  explained  be- 
low.  The  diode  should  be  mounted  using  tech- 
niques  such  as  microstrip  or  strip  line  mounting,  or 
other  means,  for  maintaining  input  impedance  sub- 
stantially  constant  over  the  frequency  range  of  in- 
terest.  One  example  of  such  a  technique  will  be 
described  with  reference  to  FIGS.  5A-5B,  below. 
Although  the  use  of  a  zero  bias  Schottky  detector 
diode  is  preferred,  non-zero  bias  diodes  can  be 
used  but  require  batteries  within  the  shielded  probe 
to  provide  an  appropriate  DC  bias. 

The  anode  of  diode  14  is  connected  to  pin  12, 
for  insertion  into  lead  10  of  the  system  under  test, 
by  conductor  38,  and  the  cathode  of  diode  14  is 
connected  to  non-metallic  conductor  20  by  way  of 
conductor  39  and  connector  42.  The  cathode  of 
diode  14  is  also  connected  to  non-metallic  wire  22 
by  way  of  capacitor  44,  resistor  46,  connected  in 
parallel  with  capacitor  44,  conductor  48  and  con- 
nector  43,  which  connects  the  conductor  48  and 
non-metallic  conductor  22.  Conductor  48  is  also 
connected  to  non-metallic  conductor  50  by  way  of 
Connector  52.  The  non-metallic  conductors  20  and 
50  are  connected  to  an  amplifier  in  the  optical 
transmitter  2,  such  as  the  amplifier  disclosed  in 
FIG.  2  of  U.S.  Patent  4,939,446,  although  the  par- 
ticular  form  of  the  amplifier  is  not  critical,  in  which 
case  non-metallic  conductor  20  is  applied  to  the 
"A"  input  terminal,  and  non-metallic  conductor  50, 
is  connected  to  the  "G"  (ground)  terminal  of  the 
amplifier,  the  B  terminal  remaining  unattached.  Fi- 
nally,  the  anode  of  diode  14  and  the  conductor  48 
are  connected  to  each  other  by  way  of  parallel 
connected  resistors  54a  and  54b. 

In  operation,  the  capacitor  44  charges  during 
conduction  of  diode  14,  and  the  resistor  46  allows 
capacitor  44  to  repetitively  discharge  as  required  to 
produce  the  detected  envelope.  The  resistors  54a 
and  54b  stabilize  the  input  impedance  to  the  cath- 
ode  over  the  entire  input  signal  band-width,  thus 
reducing  the  standing  wave  ratio  at  the  cathode  to 
approximately  1  .25. 

With  reference  to  FIGS.  5A  and  5B,  a  specific 
implementation  of  the  microwave  circuit  board  40 
will  be  described,  the  same  reference  numerals 
being  used  in  FIGS.  1,  3,  4,  5A,  5B,  6  and  7  to 
indicate  corresponding  elements.  Pin  12  is  moun- 
ted  on  conductor  38  which  is  formed  of  a  57-ohm 
microstrip  trace.  Diode  14  is  mounted  using  stan- 
dard  microwave  mounting  techniques  to  the  57 
ohm  microstrip  trace  38  at  its  anode,  and  at  its 
cathode  to  conductor  39  which  is  formed  of  a 
copper  conductor  flange.  The  flange  39  flares  out- 
wardly  from  the  diode  as  shown,  to  form  a  gen- 
erally  triangular  shape,  which  reduces  the  induc- 
tance  of  the  current  path  between  the  cathode  of 

the  diode  and  the  connector  42  at  high  frequen- 
cies.  Conductor  48  is  formed  of  a  copper  ground 
plane,  underneath  a  printed  circuit  board  substrate 
56  which  electrically  separates  the  conductor  48 

5  from  the  conductor  38  and  the  copper  flange  39. 
The  ground  plane  immediately  below  the  diode  can 
be  etched  away  to  reduce  the  effect  of  diode  chip 
parasitic  capacitance  and  achieve  the  desired  fre- 
quency  response.  The  parallel  resistors  54a  and 

io  54b  are  formed  of  two  114  ohm  microstrip  resistors 
which  are  deposited  by  thin  film  deposition  tech- 
niques  on  the  57  ohm  microstrip  trace  38  and 
substrate  56,  and  are  connected  to  the  conductor 
48  by  way  of  gold  foil  wraparounds  58a  and  58b. 

is  Capacitor  44  is  a  feed-through  capacitor  of  the 
flat  tubular  discoidal  type,  the  outer  case  thereof 
being  attached  to  conductors  48  and  39  by  either 
soldering  or  bolting  methods  compatible  with  RF 
circuit  design  techniques.  The  resistor  46  is  formed 

20  of  a  coil  of  non-metallic  wire  having  a  resistance  of 
about  10K  ohms,  connected  at  its  ends  to  connec- 
tors  42  and  52,  as  will  be  described,  but  alter- 
natively,  a  resistor  having  a  10K  ohm  impedance 
can  be  employed. 

25  Connector  42  is  connected  to  flange  39  by  way 
of  copper  block  60,  which  is  soldered  to  the  flange, 
connectors  44  and  52  are  connected  to  the  ground 
plane  conductor  48  by  way  of  copper  blocks  62 
and  64,  respectively,  soldered  thereto,  and  pin  12 

30  is  connected  to  conductor  38  by  way  of  copper 
block  66  similarly  soldered  thereto.  Pin  12  should 
be  less  than  about  one  centimeter  in  length  and 
can  be  formed  of  any  suitable  sharp  conductor, 
such  as  a  portion  of  a  needle,  or  the  like. 

35  The  construction  of  the  connectors  42,  43  and 
52  will  now  be  described  in  more  detail  with  refer- 
ence  to  FIG.  6.  A  male  pin  68,  such  as  the 
Dupont/Berg  P/N  48116-000  is  inserted  into  a  plas- 
tic  housing  70,  such  as  the  Dupont/Berg  P/N 

40  65039-036,  to  give  rigidity  to  the  pin  68,  and  the 
pin  and  housing  are  connected  to  the  circuit  board 
by  way  of  a  respective  copper  block  60,  62  or  64. 
The  female  receptacle  72,  such  as  the  Dupont/Berg 
P/N  47745-000,  is  inserted  into  an  associated  plas- 

45  tic  housing  74,  the  same  as  or  similar  to  housing 
70,  to  add  rigidity  to  the  receptacle  72.  A  conductor 
76,  such  as  an  18-gage  pin,  is  soldered  to  recepta- 
cle  72  and  inserted  into  one  end  of  a  metallic 
sleeve  78.  One  of  the  non-metallic  conductors  20, 

50  22  or  50  is  inserted  into  the  other  end  of  metallic 
sleeve  78  so  that  it  overlaps  conductor  76,  and  the 
metallic  sleeve  is  crimped  at  80  in  order  to  conduc- 
tively  connect  the  conductor  76  to  the  non-metallic 
conductor.  In  the  case  of  connectors  42  and  52,  the 

55  respective  ends  of  the  resistive  coil  46  are  inserted 
into  the  metallic  sleeves  78  along  with  non-metallic 
conductors  20  and  50,  as  shown  in  FIG.  5B. 

6 
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Returning  to  FIGS.  5A  and  5B,  although  not 
shown  to  scale,  the  circuit  board  40  will  be  approxi- 
mately  12.7  cm  (1/2  inch)  wide,  25.4  cm  (1  inch) 
long  and  6.4  cm  (1/4  inch)  deep.  The  circuit  trace 
lengths,  depths  and  widths  can  be  determined  by 
those  skilled  in  the  art  through  standard  RF  design 
analysis.  The  circuit  board,  along  with  the  compo- 
nents  thereon,  is  preferably  disposed  within  a  stan- 
dard  RF  shielded  oscilloscope  type  probe  assem- 
bly.  Preferably,  the  connectors  42,  43  and  52  are 
also  disposed  within  the  shielded  probe  assembly, 
but  if  not,  they  should  be  separately  shielded. 

As  mentioned  above,  the  non-metallic  conduc- 
tor  20  can  be  attached  to  the  A  input  of  the 
amplifier  disclosed  in  the  above  referenced  patent, 
and  non-metallic  conductor  50  can  be  applied  to 
the  ground  input  thereof.  Both  conductors  20  and 
50  can  be  connected  to  the  amplifier  by  way  of 
standard  shielded  BNC  connectors  82  and  84,  re- 
spectively. 

The  needle  12  is  inserted  into  a  system  wire 
10,  and  the  non-metallic  conductor  22  is  provided 
with  a  needle  or  pin  86  which  is  inserted  into  one 
end  of  an  associated  metallic  sleeve  88,  the  other 
end  of  which  receives  conductor  22.  The  metallic 
sleeve  88  is  crimped,  in  a  manner  similar  to  that 
shown  in  FIG.  6  with  respect  to  metallic  sleeve  78, 
in  order  to  electrically  connect  the  pin  86  to  the 
conductor  22.  The  pin  86  is  inserted  into  system 
ground  wire  18. 

In  accordance  with  another  aspect  of  the 
present  invention,  the  RF  voltage  injection  probe  90 
will  be  described  with  reference  to  FIG.  7.  The 
injection  probe  is  used  to  inject  radio  frequency 
voltages  from  a  standard  signal  generator  (gener- 
ator  91,  FIG.  3)  into  the  system  under  test  in 
accordance  with  the  test  procedures  described 
above.  The  injection  probe  is  housed  in  a  metallic 
RF  shielded  housing  92  and  is  connected  at  its 
input  to  a  standard  signal  generator,  for  generating 
approximately  10  KHz  to  18  GHz,  amplitude  modu- 
lated  signals  by  way  of  coaxial  cable  94.  The 
output  of  the  injection  probe  is  connected  to  wires 
10  and  18  of  the  system  under  test,  by  coaxial 
cable  96,  the  cable  shielding  being  connected  to 
the  housing  92  through  the  use  of  standard  BNC 
connectors.  Coaxial  cable  such  as  that  designated 
RG  259  can  be  employed,  and  standard  BNC  con- 
nections  can  be  employed  for  connection  of  the 
cables  to  the  injection  probe  90.  The  connection 
between  the  probe  90  and  the  system  wires  10  and 
18  can  be  made  with  the  use  of  test  clips  such  as 
those  provided  by  ITT  Pomona  Electronics,  Model 
Nos.  5188  or  3788,  for  example.  The  BNC  connec- 
tors  carry  the  shield  as  a  ground  return. 

The  injection  probe  90  is  comprised  of  five 
parallel  connected  capacitors,  in  this  example.  Spe- 
cifically,  the  0.47  microfarad  capacitors  are,  in  this 

example,  paper  type  capacitors  which  function  to 
pass  signals  between  approximately  10  KHz  and 
100  KHz.  The  0.1  microfarad  capacitor  is,  in  this 
example,  a  plastic  type  capacitor  designed  to  pass 

5  frequencies  between  about  100  KHz  and  20  MHz, 
and  the  0.01  and  0.001  microfarad  capacitors  are, 
in  this  example,  of  the  silver  mica  type  that  pass 
signal  frequencies  between  about  20  MHz  and  100 
MHz.  The  coaxial  connectors  on  the  shielded  hous- 

io  ing  92  should  incorporate  coaxial  feedthrough  con- 
nectors  that  pass  frequencies  above  approximately 
100  MHz. 

Injection  probe  90  thus  comprises  a  number  of 
parallel  capacitive  paths  for  injecting  voltages  over 

is  the  desired  frequency  range,  each  capacitive  path 
handling  a  particular  frequency  range.  By  employ- 
ing  the  injection  probe  90,  the  desired  level  of 
voltage  for  producing  voltage  level  D',  in  FIG.  2, 
can  be  readily  achieved  using  a  standard  signal 

20  generator,  without  requiring  expensive  bulk  current 
injectors. 

The  injection  probe  characteristics  are  auto- 
matically  compensated  for  since  the  voltage  output 
from  generator  91  (FIG.  3)  is  adjusted  until  the 

25  correct  voltage  level  is  injected  into  system,  as 
determined  by  monitoring  the  detected  output,  as 
discussed  above. 

While  illustrative  preferred  embodiments  of  the 
invention  have  been  disclosed  herein,  many  depar- 

30  tures  from  those  embodiments  may  be  made  with- 
out  departing  from  the  spirit  and  scope  of  the 
claimed  invention,  and  it  is  intended  that  such 
changes  and  variations  be  encompassed,  so  long 
as  applicant's  invention  is  employed,  as  defined  by 

35  the  following  claims. 

Claims 

1.  A  method  for  testing  the  susceptibility  of  a 
40  system  to  electromagnetic  fields,  characterized 

by  the  steps  of: 
(a)  disposing  said  system  in  a  controlled 
electromagnetic  environment,  substantially 
free  of  ambient  electromagnetic  fields, 

45  (b)  attaching  a  probe  to  said  system, 
(c)  connecting  said  probe  to  a  monitor, 
(d)  producing  a  controlled  electromagnetic 
field  in  said  controlled  electromagnetic  envi- 
ronment, 

50  (e)  detecting,  at  said  probe,  the  level  of  the 
field  coupled  into  said  system  during  the 
production  of  said  controlled  electromag- 
netic  field, 
(f)  transmitting,  to  said  monitor,  a  first  trans- 

55  mitted  signal  related  to  said  detected  field 
level, 
(g)  monitoring  the  amplitude  of  the  first 
transmitted  signal  received  by  the  monitor, 

7 
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said  amplitude  being  at  a  first  value, 
(h)  removing  the  system  and  the  probe  from 
the  controlled  electromagnetic  environment, 
(i)  attaching  the  probe  to  the  system  and 
connecting  the  probe  to  the  monitor,  5 
(j)  injecting  a  signal  into  said  system,  said 
injected  signal  having  a  predetermined  rela- 
tionship  to  said  controlled  electromagnetic 
field, 
(k)  detecting,  at  said  probe,  the  level  of  the  10 
signal  injected  into  the  system, 
(I)  transmitting,  to  said  monitor,  a  second 
transmitted  signal  related  to  said  detected 
level  of  the  injected  signal, 
(m)  monitoring  the  amplitude  of  the  second  is 
transmitted  signal  received  by  the  monitor, 
said  amplitude  being  at  a  second  value, 
(n)  adjusting,  if  necessary,  the  amplitude  of 
the  injected  signal  until  said  second  value  of 
amplitude  is  approximately  equal  to  said  20 
first  value  of  amplitude, 
(0)  wherein  said  steps  of  injecting  and  ad- 
justing  the  amplitude  of  the  injected  signal, 
outside  said  controlled  electromagnetic  en- 
vironment,  substantially  simulate  the  effect  25 
of  said  controlled  electromagnetic  field  on 
said  system  in  the  controlled  electromag- 
netic  environment. 

The  method  of  claim  1  in  which  step  (c)  is  30 
characterized  by  connecting  said  probe  to  a 
monitor  using  an  electrically  overdamped  wire 
that  is  substantially  transparent  to  electromag- 
netic  fields,  step  (b)  is  characterized  by  attach- 
ing  a  detector  diode  to  said  system,  step  (d)  is  35 
characterized  by  producing  an  amplitude  mod- 
ulated  controlled  electromagnetic  field,  and 
step  (e)  is  characterized  by  detecting  the  am- 
plitude  modulation  imparted  on  the  field. 

40 
The  method  of  claim  1  in  which  step  (I)  is 
characterized  by  converting  the  first  transmit- 
ted  signal  to  an  optical  signal,  transmitting  said 
optical  signal  through  an  optical  cable,  and  re- 
converting  the  optical  signal  to  an  electrical  45 
signal  before  applying  the  re-converted  signal 
to  said  monitor. 

The  method  of  claim  1  in  which  step  (b)  is 
characterized  by  attaching  the  anode  of  a  di-  so 
ode  to  the  system,  step  (c)  is  characterized  by 
operatively  connecting  the  cathode  of  the  di- 
ode  to  the  monitor  using  a  first  non-metallic 
electrically  overdamped  conductor,  and  is  fur- 
ther  characterized  by  connecting  the  cathode  55 
of  the  diode  to  a  ground  wire  of  the  system 
using  a  second  non-metallic  electrically  over- 
damped  conductor. 

5.  The  method  of  claim  1,  characterized  in  that 
step  (j)  is  characterized  by  injecting  a  bulk 
voltage  injection  of  the  signal  into  the  system 
by  applying  the  output  of  a  signal  generator  to 
said  system  by  way  of  a  plurality  of  parallel 
connected  capacitors. 

6.  The  method  of  claim  1,  further  characterized 
by  the  steps  of: 

applying  a  corrective  device  to  said  sys- 
tem; 

re-injecting  a  signal  into  said  system  at  the 
amplitude  determined  in  step  (n),  above;  and 

determining  whether  the  corrective  device 
has  substantially  eliminated  the  susceptibility 
of  the  system  to  said  controlled  electromag- 
netic  field. 

7.  Apparatus  for  testing  the  susceptibility  of  a 
system  to  electromagnetic  fields  characterized 
by: 

a  modulation  detector  for  connection  to  a 
system  under  test,  to  determine  the  level  of 
modulation  of  a  signal  in  said  system; 

a  monitor  for  monitoring  voltages;  and 
a  transmission  link,  including  an  electri- 

cally  overdamped  conductor  substantially 
transparent  to  electromagnetic  fields,  for  apply- 
ing  a  signal  produced  by  said  modulation  de- 
tector  to  said  monitor, 

wherein,  in  the  presence  of  electromag- 
netic  fields,  said  modulation  detector  and 
transmission  link  inject  substantially  no  elec- 
tromagnetic  signals  into  said  system,  and 
wherein  said  monitor  monitors  the  level  of 
electromagnetic  signals  coupled  into  said  sys- 
tem  in  the  presence  of  electromagnetic  fields. 

8.  A  probe  for  sensing  modulated  signals  coupled 
onto  wires  of  a  system  being  tested  for  sus- 
ceptibility  to  electromagnetic  fields  character- 
ized  by: 

a  modulation  detector  diode  having  first 
and  second  terminals,  the  first  of  said  termi- 
nals  for  connection  to  a  wire  of  said  system,  to 
thereby  detect  the  modulation  of  said  modu- 
lated  signals;  and 

an  electrically  overdamped  conductor, 
substantially  transparent  to  said  electromag- 
netic  fields,  connected  to  said  second  terminal, 
for  transmitting  the  modulation  detected  by 
said  detector  diode  to  a  monitor; 

wherein  said  probe  is  substantially  trans- 
parent  to  said  electromagnetic  fields  and  does 
not  inject  said  fields  into  said  system  being 
tested. 

8 
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9.  The  apparatus  of  claim  7  or  8,  characterized  in 
that  the  modulation  detector  is  a  diode  having 
its  anode  connected  to  the  system  under  test 
and  its  cathode  connected  to  the  electrically 
overdamped  conductor  and  to  a  ground  wire  of 
the  system  by  way  of  an  additional  electrically 
overdamped  conductor. 

15.  The  method  of  claim  14,  characterized  in  that 
attaching  a  modulation  detector  is  character- 
ized  by  attaching  the  anode  of  a  diode  to  said 
system  and  the  cathode  of  said  diode  to  said 

5  electrically  overdamped  conductor  and  to  a 
ground  wire  of  said  system  by  way  of  an 
additional  electrically  overdamped  conductor. 

10.  The  apparatus  of  claims  7  or  8,  characterized 
in  that  the  diode  cathode  is  connected  to  the  10 
additional  electrically  overdamped  conductor 
by  way  of  a  capacitor  and  a  resistor  connected 
in  parallel  and  there  is  at  least  one  resistive 
element  connected  between  the  anode  and  the 
additional  electrically  overdamped  conductor,  is 
and  further  characterized  by  inserting  at  least 
one  resistive  element  between  the  diode  anode 
and  the  additional  electrically  overdamped 
conductor. 

20 
11.  The  apparatus  of  claims  7  or  8,  further  char- 

acterized  by  connecting  the  diode  cathode  to 
the  electrically  overdamped  conductor  by  way 
of  a  conductor  adapted  to  maintain  the  input 
impedance  of  the  diode  constant  throughout  a  25 
range  of  frequencies  and  preferably  having  a 
generally  triangular  shape. 

12.  The  apparatus  of  claims  7  or  8  characterized  in 
that  the  diode  is  a  zero  bias  Schottky  diode 
enclosed  in  an  RF-shielded  enclosure  and  de- 
tects  amplitude  modulation. 

16.  The  method  of  claim  15,  further  characterized 
io  by  connecting  the  cathode  of  said  diode  to 

said  additional  electrically  overdamped  con- 
ductor  by  way  of  a  capacitor  and  resistor  con- 
nected  in  parallel  and  optionally  connecting  at 
least  one  resistive  element  between  the  cath- 

15  ode  of  said  diode  and  said  additional  elec- 
trically  overdamped  conductor. 

17.  A  voltage  injection  probe  for  injecting  voltages 
into  a  system  under  test,  characterized  by  a 

20  plurality  of  parallel  connected  capacitors  adapt- 
ed  to  be  connected  on  one  end  to  a  signal 
generator  and  at  the  other  end  to  said  system 
under  test,  each  of  said  capacitors  operative  to 
inject  voltages  into  said  system  under  test  over 

25  a  particular  frequency  range. 

18.  The  injection  probe  of  claim  17  wherein  said 
system  under  test  is  tested  for  electromagnetic 
field  susceptibility  and  the  injection  probe  is 

30  adapted  to  inject  voltages  having  frequencies 
within  the  range  of  approximately  10  KHz  to 
about  18  GHz. 

13.  The  apparatus  of  claim  7,  characterized  in  that 
the  transmission  link  further  includes  an  optical  35 
transmission  and  reception  means. 

14.  A  method  of  determining  the  level  of  an  elec- 
tromagnetic  signal  coupled  into  the  wires  of  a 
system  in  the  presence  of  an  electromagnetic  40 
field,  characterized  by: 

operatively  connecting  a  modulation  detec- 
tor  to  a  voltage  monitor  by  way  of  at  least  an 
electrically  overdamped  conductor,  substantial- 
ly  transparent  to  said  electromagnetic  field;  45 

exposing  said  system  to  said  electromag- 
netic  field;  and 

transmitting  a  signal  from  said  modulation 
detector;  indicative  of  the  level  of  said  elec- 
tromagnetic  signal  coupled  into  the  wires  of  50 
said  system,  to  said  voltage  monitor  through 
said  electrically  overdamped  conductor,  said 
modulation  detector  and  said  electrically  over- 
damped  conductor  injecting  substantially  none 
of  said  electromagnetic  field  into  said  system  55 
wires. 

19.  A  method  for  use  in  testing  a  circuit  for  elec- 
tromagnetic  susceptibility  to  one  or  more  fre- 
quencies  characterized  by: 

(a)  monitoring  a  first  signal  produced  in  the 
circuit  while  the  circuit  is  in  a  radiation  field, 
and  thereafter 
(b)  injecting  a  second  signal  into  the  circuit 
while  the  circuit  is  no  longer  in  the  radiation 
field; 
(c)  monitoring  a  third  signal  produced  in  the 
circuit  in  response  to  the  second  signal;  and 
(d)  adjusting  the  injected  second  signal,  if 
necessary,  so  that  the  third  signal  corre- 
sponds  to  the  first  signal,  thereby  to  simu- 
late  the  effect  of  the  radiation  field  on  the 
circuit. 

20.  The  method  of  claim  19  characterized  in  that 
the  radiation  field  is  characterized  by  a  plural- 
ity  of  frequencies,  step  (a)  is  further  character- 
ized  by  monitoring  the  first  signal  over  the 
plurality  of  frequencies,  and  steps  (b)-(d)  are 
further  characterized  by  injecting  the  second 
signal  at  each  of  the  plurality  of  frequencies  at 
which  the  first  signal  exceeded  a  predeter- 

9 
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mined  level. 

21.  The  method  of  claim  19  characterized  in  that 
the  controlled  radiation  field  is  an  amplitude 
modulated  radio-frequency  signal  and  step  (a) 
is  further  characterized  by  monitoring  the  first 
signal  using  a  probe  that  demodulates  an  am- 
plitude  modulated  radio  frequency  signal  coup- 
led  into  the  circuit  and  transmits  a  demodu- 
lated  envelope  signal. 
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J ĵ  Only  pan  of  the  further  search  fees  have  been  paid  wimin  the  Itaed  time  limit.  The  present  European  searcn 
report  has  been  drawn  up  tor  those  parts  of  the  European  patent  application  wrtich  relate  to  the  inversions  in 
resoect  of  which  search  fees  have  been  paid. 

namnlyciaimi:  1-16,19-21 

|  |  None  of  the  further  search  fees  has  been  paid  within  the  lixed  time  limit.  The  present  European  search  report 
has  oeen  drawn  up  for  those  parts  of  the  European  patent  application  wmch  relate  10  Ihe  Invention  first 
mentlonea  in  the  claims. 

rarely  c  a  <~.s. 


	bibliography
	description
	claims
	drawings
	search report

