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Description 

FIELD  OF  THE  INVENTION 

5  This  invention  relates  generally  to  the  field  of  loop  antennas,  and  more  particularly  to  a  reactance  buffered 
loop  antenna  suitable  for  use  as  a  wristband  antenna  for  a  wrist  worn  electronic  device. 

DESCRIPTION  OF  THE  PRIOR  ART 

10  As  electronic  circuits  have  been  miniaturized,  and  in  particular  receivers,  it  has  become  possible  to  pack- 
age  the  electronics  into  housings  suitable  to  be  comfortably  worn  on  the  wrist.  Antennas  used  with  these  wrist- 
worn  receivers  have  often  utilized  simple  single  turn  loop  antennas  which  have  been  incorporated  into  the 
wristband  of  the  device.  Such  an  antenna,  described  in  US  patent  4,71  3,808,  generally  used  a  nonstretchable 
two-piece  wristband  is  shown  in  FIG.  1.  Rivets,  or  similar  fasteners,  were  used  to  provide  a  series  of  regularly 

15  spaced  holes  in  one  of  the  wristband  sections  required  to  accommodate  the  varying  sizes  of  the  human  wrist, 
often  providing  the  electrical  connection  to  close  the  loop  when  the  wristband  was  fastened  to  the  wrist.  Since 
the  inductance  of  such  a  loop  antenna  is  dependent  upon  the  physical  geometry  of  the  loop  antenna,  such  as 
loop  diameter  or  length,  the  tuning  of  such  a  loop  antenna  varied  with  the  wrist  size.  Consequently,  when  the 
loop  antenna  was  tuned  for  a  particular  wrist  size,  increasing  or  decreasing  the  loop  diameter  by  increasing 

20  or  decreasing  the  loop  length,  as  would  happen  when  an  adjacent  contact  point  was  selected  when  strapping 
the  device  to  the  wrist,  resulted  in  substantial  changes  in  the  antenna's  resonant  frequency  and  correspond- 
ingly  substantial  changes  in  the  receiver's  sensitivity.  As  a  consequence,  factory  pretuning  of  such  a  wristband 
loop  antenna  was  not  possible.  Commercialization  of  such  wrist  worn  receivers  was  consequently  limited  to 
retailers  employing  skilled  technicians  capable  of  tuning  the  antennas  on  the  devices  as  they  were  sold.  As 

25  noted,  even  this  did  not  guarantee  antenna  performance  when  the  wearer  was  inconsistent  in  strapping  the 
device  to  the  wrist. 

One  prior  method  of  overcoming  impedance  variation  for  a  loop  antenna,  as  described  in  US-A-4,51  8,965, 
is  to  design  a  loop  antenna  to  have  a  maximum  length  of  one-tenth  of  the  wavelength  at  the  resonant  frequency. 
The  loop  antenna  so  designed  comprises  a  loop  conductor  and  a  variable  capacitor  connected  in  series  for 

30  resonating  the  antenna.  The  loop  area  of  the  conductor,  the  circumferential  length  and  the  equivalent  radius 
are  adjusted  so  that  the  ratio  of  the  resonant  frequency  f0  of  the  antenna  and  the  resonant  frequency  fm  at 
which  the  input  admittance  is  a  minimum  is  maintained  within  the  range  0.5-fo/fm-3.0. 

Other  antenna  structures  have  also  been  proposed  for  use  in  wristworn  receivers.  One  such  wristband 
antenna  consisted  of  a  number  of  ferrite  antenna  links  affixed  to  a  rigid  wristband.  Another  wristband  antenna 

35  consisted  of  conductors  incorporated  into  a  wristband  so  as  to  allow  a  stretchable  wristband.  Both  types  of 
antennas  exhibited  the  same  tuning  problems  as  the  non-stretchable  wristband  antenna.  As  the  geometry  of 
the  loop  was  changed,  and  depending  upon  the  position  on  the  wrist,  detuning  and  reduced  receiver  sensitivity 
would  occur. 

40  SUMMARY  OF  THE  INVENTION 

In  accordance  with  the  present  inventio  there  is  provided  a  wristband  loop  antenna  for  a  wrist  worn  elec- 
tronic  device,  the  device  including  a  receiver  having  signal  and  ground  inputs  coupled  to  an  antenna  resonating 
capacitor  for  resonating  the  wristband  loop  antenna  to  a  predetermined  frequency,  said  wristband  loop  antenna 

45  comprising:  a  first  wristband  section,  including:  a  first  conductor,  having  a  first  end  for  coupling  to  the  receiver 
signal  input  and  a  second  end,  the  first  conductor  forming  a  first  portion  of  the  wristband  loop  antenna  within 
said  first  wristband  section;  and  a  plurality  of  taps  linearly  disposed  along  a  longitudinal  axis  of  the  first  wrist- 
band  section,  the  distance  between  an  outermost  tap  of  said  plurality  of  taps  providing  a  predetermined  length 
corresponding  to  the  loop  antenna  diameter  adjustment;  and  a  second  wristband  section,  including:  a  second 

so  conductor,  having  a  first  end  coupled  to  the  receiver  ground  and  a  second  end,  said  second  conductor  forming 
a  second  portion  of  the  wristband  loop  antenna  within  the  second  wristband  section;  and  coupling  means,  cou- 
pled  to  said  second  end  of  said  second  conductor,  for  coupling  said  second  conductor  to  one  of  said  plurality 
of  taps;  wherein  the  wristband  loop  antenna  is  characterized  by:  reactance  buffer  means,  comprising:  a  reac- 
tance  buffer  input  coupled  to  the  second  end  of  the  first  conductor;  and  a  plurality  of  reactance  elements,  ar- 

55  ranged  non-serially  between  said  reactance  buffer  input  and  each  of  the  plurality  of  taps,  wherein  one  or  more 
of  said  reactance  elements  are  coupled  between  said  input  and  a  corresponding  one  of  the  taps  to  provide  a 
substantially  constant  reactance  when  measured  between  said  reactance  buffer  input  and  each  of  said  plurality 
of  taps,  whereby  when  the  wristband  length  is  adjusted  by  selecting  any  of  the  plurality  of  taps,  the  resonant 

2 



EP  0  454  694  B1 

frequency  of  the  wristband  loop  antenna  remains  substantially  unchanged. 
The  present  invention  advantageously  provides  a  loop  antenna  having  an  adjustable  size  which  does  not 

require  tuning  when  the  size  is  changed,  and  which  may  be  adapted  for  use  with  a  wristworn  device.  Further- 
more,  the  invention  beneficially  allows  a  wristband  loop  antenna  which  can  be  pre-tuned  and  which,  when 

5  tuned,  is  insensitive  to  changes  in  the  wristband  length. 
An  exemplary  embodiment  of  the  present  invention  will  now  be  described  with  reference  to  the  accompa- 

nying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
10 

The  features  of  the  invention  which  are  believed  to  be  novel  are  set  forth  in  particularity  in  the  appended 
claims.  The  invention  itself,  together  with  its  further  objects  and  advantages  thereof,  may  be  best  understood 
by  reference  to  the  following  description  when  taken  in  conjunction  with  the  accompanying  drawings,  in  which 
the  several  figures  of  which  like  reference  numerals  identify  identical  elements,  in  which: 

15  FIG.  1  is  a  diagram  of  a  prior  art  wristworn  device  utilizing  a  wristband  loop  antenna. 
FIG.  2A  is  an  exploded  view  of  one  half  of  the  adjustable  strap  section  of  FIG.  1. 
FIG.  2B  is  an  electrical  schematic  diagram  of  FIG.  2A. 
FIG.  3A  is  a  diagram  of  a  wristband  loop  antenna  for  the  preferred  embodiment  of  the  present  invention. 
FIG.  3B  is  a  diagram  of  the  construction  of  an  inductive  reactance  buffer  for  the  preferred  embodiment  of 

20  the  present  invention. 
FIG.  4  is  an  diagram  of  a  typical  wristband  loop  antenna  and  an  equivalent  electrical  schematic  diagram. 
FIG.  5A  is  a  diagram  of  the  inductive  reactance  buffer  for  the  preferred  embodiment  of  the  present  inven- 

tion. 
FIG.  5B  is  an  electrical  schematic  diagram  of  the  inductive  reactance  buffer  of  FIG.  5A. 

25  FIG.  6A  is  a  diagram  of  acapacitive  reactance  buffer  for  an  alternate  embodiment  of  the  present  invention. 
FIG.  6B  is  an  electrical  schematic  diagram  of  the  capacitive  reactance  buffer  of  FIG.  6A. 
FIG.  7A  is  a  diagram  of  the  construction  of  the  capacitive  reactance  buffer  of  the  alternate  embodiment 

of  the  present  invention. 
FIG.  7B  is  a  diagram  of  an  alternate  construction  embodiment  of  the  capacitive  reactance  buffer. 

30  Table  I  compares  the  performance  of  a  loop  antenna  utilizing  an  inductive  reactance  buffer  to  the  perfor- 
mance  of  a  prior  art  loop  antenna. 

Table  II  illustrates  the  performance  of  a  loop  antenna  utilizing  a  capacitive  reactance  buffer. 

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 
35 

With  respect  to  the  figures,  FIGS.  3  to  6  illustrate  the  preferred  embodiment  of  the  present  invention,  a 
buffered  loop  antenna  suitable  for  use  with  a  wristworn  electronic  device.  In  order  to  appreciate  the  advantages 
of  the  present  invention,  it  is  best  to  describe  in  some  detail  the  operation  of  at  least  one  prior  art  wristband 
loop  antenna  in  order  to  provide  an  understanding  of  some  of  the  problems  previously  encountered.  Atypical 

40  prior  art  wristband  loop  antenna  arrangement  10  is  shown  in  FIG.  1.  The  receiver  is  located  in  housing  12  to 
which  two  non-stretchable  straps  14  and  16  are  attached.  Within  each  strap  14  and  16  is  located  a  conductor 
1  8  and  20  respectively.  This  conductor  may  be  either  a  round  or  a  flat  conductive  wire.  Attached  to  one  of  the 
wristband  straps  16,  a  conventional  buckle  22  is  provided  which  connects  to  one  end  of  conductor  20.  In  the 
other  wristband  strap  18,  a  series  of  regularly  spaced  holes  24  are  provided  to  allow  for  adjustment  of  the  wrist- 

45  band  length.  An  eyelet  is  often  inserted  into  each  of  the  holes  to  provide  electrical  connection  with  conductor 
20  within  strap  16.  This  is  shown  in  greater  detail  in  FIG.  2A. 

As  shown  in  FIG.  2A,  a  wide  flat  sheet-metal  conductor  1  00  is  located  within  strap  1  02.  Eyelets  1  04  provide 
contact  to  conductor  100.  The  holes  used  to  provide  adjustment  of  the  wristband  are  marked  T1  through  T7 
and  are  evenly  spaced  over  a  length  of  the  wristband,  designated  AL.  For  a  typical  wristband,  AL  is  approxi- 

50  mately  44  millimeters  in  length  for  typical  variations  in  adult  wrist  size.  A  loop  antenna  constructed  as  shown 
in  FIGS.  1  and  2A  is  an  electrically  small  loop  antenna,  approximately  one-quarter  wavelength  in  size  at  VHF 
frequencies.  Such  a  loop  antenna  is  inductive  at  most  frequencies  of  interest,  and  is  capacitively  tuned.  Con- 
sequently,  the  adjustable  portion  of  the  wristband  may  be  represented  as  a  series  of  inductive  elements,  as 
shown  in  FIG.  2B.  The  particular  magnitude  of  the  inductance  of  each  element  is  a  function  of  the  geometry, 

55  or  size,  of  the  conductor,  in  this  instance,  the  conductor  geometry  between  each  tap  T1  through  T7.  It  will  be 
appreciated,  when  the  clasp  is  connected  to  tap  T1  ,  the  wristband  size,  which  is  also  the  relative  loop  antenna 
size  or  diameter  is  a  minimum.  When  the  clasp  is  connected  to  tap  T7,  the  wristband  size,  or  relative  loop  an- 
tenna  size  or  diameter  is  a  maximum.  Thus,  it  will  be  appreciated,  when  the  loop  antenna  is  adjusted  and  tuned 

3 
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for  length  T1,  the  tuning  will  be  substantially  changed  at  length  T7,  and  for  intermediate  lengths  as  well,  re- 
sulting  in  reduced  receiver  sensitivity  at  lengths  other  than  where  originally  tuned. 

FIGS.  3Aand  3B  show  the  general  construction  of  a  wristband  loop  antenna  for  the  preferred  embodiment 
of  the  present  invention.  As  shown  in  FIG.  3A,  the  wristband  loop  antenna  200  includes  two  non-stretchable, 

5  but  flexible  straps,  or  wristband  sections  202  and  204.  The  first  wristband  section  202  includes  a  first  conductor 
206  which  forms  a  first  portion  of  the  loop  antenna,  while  the  second  wristband  section  204  includes  a  second 
conductor  208  and  forms  the  second  portion  of  the  loop  antenna.  The  first  wristband  section  202  further  in- 
cludes  a  series  of  regularly  spaced  apertures  21  0,  such  as  holes  or  slots,  linearly  disposed  along  the  wristband 
to  provide  adjustability. 

10  Astandard  two  piece  clasp,  used  widely  in  the  watch  industry  is  utilized  in  the  construction  of  the  preferred 
embodiment  of  the  present  invention.  The  clasp  is  suitably  modified,  such  as  with  plating,  to  minimize  corrosion 
problems  and  to  maintain  low  ohmic  electrical  contact  when  the  clasp  is  secured.  Platings,  such  as  selective 
gold  plating  of  the  contact  surfaces  is  preferred,  although  other  plating  techniques  may  be  employed  equally 
as  well.  Adjustable  clasp  212  is  slidably  positioned  along  wristband  section  202,  and  provides  electrical  contact 

15  to  first  conductor  206.  Attached  to  the  end  of  the  second  wristband  section  204  is  a  fixed  clasp  214,  which 
couples  to  one  end  of  second  conductor  208,  and  together  with  adjustable  clasp  212  provides  the  means  to 
both  electrically  complete  the  loop  antenna,  and  to  mechanically  secure  the  wristband  200  to  the  wrist.  First 
wristband  section  202  and  second  wristband  section  204  are  affixed  to  the  wristworn  device  by  an  attachment 
means,  such  as  rigid  mounting  brackets  216,  which  are  secured  to  the  device  housing  by  fasteners,  such  as 

20  screws  (not  shown).  Mounting  brackets  21  6  may  be  formed  from  sheet  metal,  such  as  stainless  steel,  or  other 
suitable  material  which  is  generally  unaffected  by  contact  with  the  skin.  Stainless  steel  is  advantageous  in  not 
requiring  any  plating  for  providing  corrosion  resistance.  It  will  be  appreciated,  the  rigid  mounting  of  the  wrist- 
band  sections  is  exemplary  and  that  other  attachment  means,  such  as  the  use  of  watch  style  spring  loaded 
pins,  may  be  used  as  well. 

25  In  the  preferred  embodiment  of  the  present  invention,  conductor  208  is  a  flat  sheet-metal  conductor  formed 
from  half  hard  beryllium  copper  material  which  is  3-4  mils  thick.  Other  materials  such  as  copper,  nickel  silver, 
and  other  conductive  materials  may  be  used  as  well.  Conductor  208  is  generally  continuous  through  the  length 
of  wristband  section  204,  coupling  on  one  end  to  the  fixed  clasp  214  and  to  a  receiver  input,  such  as  the  receiver 
ground  input,  at  the  device  housing.  Conductor  208  may  be  formed  in  a  manner  shown  in  FIG.  3B  to  provide 

30  positive  retention  of  the  conductor  within  the  body  of  wristband  section  204. 
FIG.  3B  shows  the  construction  details  for  the  first  wristband  section  202.  In  the  preferred  embodiment 

of  the  present  invention,  wristband  section  202  is  constructed  by  laminating  conductor  206  and  reactance  buf- 
fer  218,  which  will  be  described  in  detail  shortly,  between  top  220  and  bottom  222  members  which  are  non- 
stretchable,  flexible  materials  formed  by  any  number  of  suitable  methods,  such  as  by  injection  molding  or  die 

35  cutting.  Any  number  of  materials  may  be  used  for  the  top  220  and  bottom  222  members,  such  as  a  urethane 
rubber,  leather  and  the  like.  The  bottom  member  222,  or  the  top  member  220,  may  include  a  recessed  area, 
such  as  recess  224,  in  which  conductor  206,  reactance  buffer  21  8,  and  mounting  bracket  216  are  positioned. 
Such  a  recessed  area  can  be  formed  in  the  material  when  the  strap  is  molded.  As  shown  in  FIG.  3B,  conductor 
206  has  an  bent  conductor  portion  236  which  is  used  to  retain  the  conductor  in  the  recess  and  prevents  the 

40  conductor  from  pulling  out  or  moving  in  the  finished  wristband  section.  When  it  is  impractical  to  provide  a  re- 
cess,  adhesives  may  be  utilized  to  provide  the  retention  of  the  conductor.  Depending  on  the  material  of  the 
two  members,  the  two  members  may  be  joined  by  such  processes  as  chemical  bonding,  including  solvents 
and  adhesives;  mechanical  bonding,  including  thermal,  and  ultrasonic  bonding;  and  stitching  or  adhesive  bond- 
ing,  as  in  the  case  of  a  leather  wristband.  Insert  molding  of  complete  wristband  sections  may  also  be  used, 

45  thereby  eliminating  many  of  the  secondary  wristband  assembly  operations  described.  Conductors  206  and  208 
are  formed  from  flat  sheet  metal  using  such  methods  as  stamping,  chemical  etching,  or  other  suitable  process. 

FIG.  4  shows  a  diagram  of  a  wristband  antenna  and  an  equivalent  electrical  schematic  diagram  which  is 
useful  in  describing  the  operation  of  both  the  prior  art  wristband  loop  antenna,  and  the  buffered  loop  antenna 
of  the  present  invention.  As  previously  described,  the  wristband  loop  antenna  formed  by  bands  A  and  B  are 

so  inductive  at  the  operating  frequency,  indicated  schematically  as  L(b_x),  the  subscript  denoting  the  plurality  of 
inductances  as  the  length  of  the  loop  is  adjusted  (x  indicating  position  to  T7  and  b  indicating  the  reference 
end  of  the  second  band  as  shown  in  FIG.  4).  The  resistance  associated  with  the  conductors  is  shown  sche- 
matically  as  Rs.  The  wristband  loop  antenna  couples  to  a  receiver  input  and  ground  as  shown,  and  is  capaci- 
tively  tuned,  the  capacitor  shown  schematically  as  C0.  In  the  preferred  embodiment  of  the  present  invention, 

55  capacitor  C0  couples  between  the  receiver  input  and  ground.  The  voltage  delivered  from  the  loop  antenna  op- 
erating  in  an  electromagnetic  field  is  shown  schematically  as  the  voltage  source  labeled  E. 

The  operating  frequency  of  the  antenna  may  be  determined  by  the  following  well  known  equation. 
Fant  =  1  /  2n  V  L(b  .  x)  C0 

4 
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From  the  previous  description  of  FIGS.  2Aand  2B,  it  was  noted  the  inductance  at  tap  T1,  does  not  equal  the 
inductance  at  the  other  taps.  Thus 

L(b  -  1)  *■  L(b  -  2)  *■  ■  ■  ■  *■  L(b  -  7) 
where  L(b_  ,̂  etc.  represents  the  magnitude  of  the  total  inductance  measure  at  each  tap  position.  The  total  in- 

5  ductance  of  the  loop  antenna  is  the  sum  of  the  inductance  of  band  A  and  band  B,  corrected  for  the  differential 
inductance  associated  with  varying  the  length  of  the  loop  in  the  adjustable  zone. 

It  then  follows,  if  C0  is  kept  constant,  such  as  when  the  capacitor  is  pretuned  at  one  of  the  wristband  lengths, 
then 

Fant(b  -  1)  *■  Fant(b  -  2)  *  ■  ■  ■  *  Fant(b  .  7) 
10  which  demonstrates,  as  previously  stated,  the  prior  art  wristband  loop  antenna  requires  retuning  to  eliminate 

variations  in  adjusting  the  wristband  to  different  wrist  sizes.  This  problem  is  substantially  minimized  with  the 
reactance  buffer  described  in  FIG.  3B,  the  operation  of  which  will  be  described  in  detail  with  FIGS.  5Aand  5B. 
In  practice,  the  reactance  buffer  of  the  present  invention  provides  substantially  a  constant  reactance  for  each 
tap  position  along  the  wristband,  such  that 

15  L(b_  1)  =  L(b-  2)  =  ■  ■  ■  =  L(b-  7) 
which  results  in 

Fant(b  -  1)  =  Fant(b  .  2)  =  ■  ■  ■  =  Fant(b  .  7) 
The  reactance  buffer  for  the  preferred  embodiment  of  the  present  invention,  by  providing  a  substantially 

constant  reactance  at  each  tap  position,  allows  the  wristband  loop  antenna  to  be  tuned  only  once  at  any  of  the 
20  selectable  wristband  lengths,  and  thereafter  the  wristband  loop  antenna  remains  tuned,  even  when  the  diam- 

eter  of  the  antenna  loop  is  changed. 
FIG.  5A  shows  a  diagram  of  the  physical  layout  of  the  reactance  buffer  21  8  for  the  preferred  embodiment 

of  the  present  invention.  An  approximate  schematic  diagram  of  reactance  buffer  218  is  shown  in  FIG.  5B.  It 
will  be  appreciated,  that  the  schematic  diagram  of  FIG.  5B  is  only  a  first  order  approximation  for  the  reactance 

25  buffer,  in  that  each  conductor  in  the  circuit  has  an  associated  inductance  value.  The  schematic  diagram  of  FIG. 
5B  represents  inductance  values  associated  with  horizontal  conductors.  While  the  vertical  conductors  also 
have  inductance  values  associated  with  them,  they  are  shown  schematically  as  conductors,  or  conductive  ele- 
ments.  It  will  be  appreciated,  this  first  order  approximation  is  sufficient  to  one  of  ordinary  skill  in  the  art  to  un- 
derstand  the  operation  of  the  reactance  buffer  218  to  be  described. 

30  Reactance  buffer  21  8  is  an  integrated  structure,  as  shown  in  FIG.  5Ain  that  the  buffer  input,  the  taps,  and 
the  reactance  elements  are  formed  from  a  flat  sheet  metal  strip.  The  taps  are  linearly  disposed  along  the  in- 
tegrated  structure  providing  buffer  outputs  to  select  the  wristband  size.  The  outermost  taps,  T1  and  T7,  are 
spaced  a  predetermined  length,  corresponding  to  the  amount  of  wristband  size  adjustment  required. 

Referring  to  FIG.  5B,  first  conductor  206  is  shown  schematically  as  inductor  L1.  Reactance  buffer  21  8  input 
35  is  shown  generally  as  conductor  300.  Reactance  buffer  218  includes  a  plurality  of  taps  T1-T7  which  are  used 

to  adjust  the  length  of  the  wristband,  or  conversely,  the  diameter  of  the  wristband  loop  antenna.  It  will  be  ap- 
preciated,  the  number  of  taps  provided  for  the  adjustment  range  is  for  example  only,  and  other  numbers  may 
be  provided  when  necessary.  Reactance  buffer  21  8  comprises  a  plurality  of  reactance  elements,  shown  sche- 
matically  as  inductive  elements,  or  inductors,  L2-L10.  The  arrangement,  i.e.  series/parallel  combinations  of 

40  these  reactance  elements,  results  in  a  substantially  constant  reactance  when  measured  between  the  buffer 
input  300  and  each  of  the  taps  T1-T7.  As  shown,  each  inductive  element  is  in  actuality  a  conductor,  the  value 
of  the  inductance  being  a  function  of  the  geometry  of  the  inductor.  Thus,  L2  which  corresponds  to  conductor 
304,  has  a  substantially  equivalent  inductance  value  to  L3  which  corresponds  to  conductor  306.  Inductance 
values  at  other  taps  are  combinations  of  inductances  corresponding  to  a  number  of  series  and  parallel  induc- 

es  tors,  as  shown. 
Table  I  illustrates  the  relative  performance  of  the  inductive  reactance  buffer  compared  to  the  prior  art  loop 

antenna  design.  All  measurements  are  referenced  to  tap  T1,  and  includes  a  conductor  length  equivalent  to  that 
found  in  the  first  antenna  portion.  The  relative  length  is  the  additional  length  of  the  wristband,  as  the  wristband 
is  adjusted  from  T1  to  T7.  The  inductance  change  is  the  change  in  inductance  value  associated  with  each  tap 

so  relative  to  the  inductance  reference  measure  at  T1  .  The  total  inductance  and  change  in  inductance  for  the  prior 
art  antenna  are  tabulated  in  the  last  two  columns  of  Table  I.  As  Table  I  shows,  the  change  in  inductance  for 
the  prior  art  antenna  was  measure  at  59.1  nanohenries,  compared  to  a  maximum  change  of  4.3  nanohenries. 
It  will  be  appreciated  that  further  optimization  of  the  conductor  geometries  in  the  reactance  buffer  can  be  made 
to  reduce  this  difference. 

55  As  shown  in  FIGS.  3Band  5A,  reactance  buffer  21  8  may  be  advantageously  and  economically  formed  from 
a  single  flat  sheet  metal  conductor  which  has  been  formed,  such  as  by  die  stamping  or  chemical  etching.  It 
will  be  appreciated,  the  conductor  pattern  shown  is,  for  example,  only,  and  any  number  of  conductor  patterns 
may  be  generated  which  achieve  the  same  result,  a  substantially  constant  reactance  measured  between  the 
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buffer  input  and  each  output  tap.  The  conductive  pattern  may  be  formed  from  sheet  metal,  such  as  copper, 
beryllium  copper  and  nickel  silver.  The  material  is  selected  to  provide  the  required  flexibility,  and  to  withstand 
the  repeated  flexing  associated  with  wearing  the  wristband  and  repeatedly  putting  on  and  removing  the  wrist- 
band  from  the  wrist.  The  conductor  may  be  plated  to  enhance  the  solderability,  and  durability  of  the  conductor, 

5  with  a  plating  such  as  a  copper,  nickel,  tin  plating. 
Other  materials  for  forming  the  reactance  buffer  may  also  be  employed,  other  than  described  above.  One 

such  material  may  be  a  copper  foil  laminated  KAPTON™  material,  wherein  the  reactance  buffer  pattern  is 
formed  using  convention  printed  circuit  etching  techniques.  Coupling  of  the  pattern  to  the  tap  areas  would  be 
the  same,  or  similar  to  the  stamped  metal  reactance  buffer,  such  as  with  rivets. 

10  Alternate  construction  methods  for  the  reactance  buffer  is  shown  in  FIGS.  6A/6B  and  7A/7B.  The  reactance 
buffers  of  FIGS.  6A/6B  and  7A/7B  utilize  a  plurality  of  fixed  value  capacitors  to  achieve  a  substantially  constant 
reactance  when  the  length  of  the  wristband  is  adjusted.  As  shown  in  FIG.  6A,  a  portion  of  conductor  206  is 
tapped  using  conductors  400-41  2,  somewhat  in  the  method  of  the  prior  art.  However,  unlike  the  prior  conductor 
206  is  coupled  to  each  output  tap  T1-T7  through  a  fixed  capacitor  C1-C7.  FIG.  6B  shown  an  approximate  sche- 

15  matic  diagram  of  FIG.  6A.  In  the  instance  where  both  inductive  and  capacitive  elements  are  utilized  in  the  re- 
actance  buffer,  the  reactance  elements  may  be  considered  to  include  a  plurality  of  paired  inductive  and  ca- 
pacitive  elements,  such  as  L11  and  C1.  Each  inductive  and  capacitive  element  has  an  input  and  an  output, 
the  input  of  the  capacitive  element  being  coupled  to  the  output  of  the  inductive  element,  and  the  output  of  the 
capacitive  element  being  coupled  to  a  tap.  The  inductive  elements  are  then  coupled  in  series,  resulting  in  the 

20  structure  shown  in  FIG.  6B.  The  values  for  C1-C7  are  selected  to  provide  a  substantially  constant  reactance 
between  the  input  and  each  output  tap,  the  magnitude  of  this  capacitance  being  computed  as  follows: 

27ifl_cum  +  1/27ifCtaP  =  a  constant 
where  f  is  the  frequency  of  operation,  Lcum  is  the  cumulative  inductance  associated  with  each  tap,  and  Ctap  is 
the  particular  tap  capacitance.  Thus,  Lcum  would  equal  L11  +  L12,  and  C^  would  be  C2  for  tap  T2.  Thus,  C1  , 

25  when  used,  would  have  the  smallest  capacitance  value  for  resonating  with  inductor  L11,  whereas  C7  would 
have  the  largest  capacitance  value  for  resonating  with  the  series  combination  of  L11-L17.  While  capacitor  C1 
is  shown,  it  will  be  appreciated  C1  can  be  omitted  with  the  buffer  retaining  the  same  electrical  characteristics 
previously  described,  in  which  case  C2  would  have  the  smallest  inductance  value  resonating  with  111  and  112. 

One  construction  method  for  a  reactance  buffer  utilizing  capacitive  and  inductive  elements  is  shown  in 
30  FIG.  7A.  A  flexible  circuit  508,  such  as  a  KAPTON™  film  with  laminated  copper  foil  is  first  etched  to  provide  a 

pattern  similar  to  shown  in  FIG.  6A.  Capacitors  C4-C7,  such  as  leadless,  surface  mountable  chip  capacitors, 
having  appropriate  values  are  then  soldered,  such  as  using  reflow  soldering,  to  attach  the  capacitors  to  the 
conductors.  A  molded,  or  die  cut,  elastomer  or  leather  band  is  then  assembled  enclosing  the  flexible  circuit 
using  one  of  more  of  the  procedures  previously  described  for  the  inductive  reactance  buffer  of  FIGS.  3A  and 

35  3B. 
Table  II  illustrates  the  relative  performance  of  the  capacitive/inductive  reactance  buffer.  All  measurements 

are  referenced  to  tap  T1  ,  and  includes  a  conductor  length  equivalent  to  that  found  in  the  first  antenna  portion. 
The  relative  length  is  the  additional  length  of  the  wristband,  as  the  wristband  is  adjusted  from  T1  to  T7.  The 
total  inductance  is  listed  for  three  tap  positions.  Cadded  is  the  computed  capacitance  required  to  resonate  the 

40  total  inductance  at  each  tap  to  a  predetermined  operating  frequency,  which  in  the  case  of  this  example  is  157.7 
MHz.  As  table  II  shows,  proper  selection  of  fixed  value  capacitors  at  each  tap  can  substantially  eliminate  any 
changes  in  antenna  tuning,  as  the  length  of  the  wristband  is  changed. 

An  alternate  construction  for  the  capacitive  reactance  buffer  is  shown  in  FIG.  7B.  In  this  instance,  the  ca- 
pacitors  are  formed  during  the  construction  of  the  wristband  section  202.  As  shown  in  FIG.  7B,  one  plate  of 

45  capacitors  C1-C7  is  coupled  with  a  contact  500.  The  size  of  the  plate  500  is  a  function  of  the  capacitance  re- 
quired  at  each  tap,  the  thickness  of  dielectric  layer  502,  and  the  dielectric  constant  of  dielectric  layer  502.  Com- 
putation  of  the  size  of  the  capacitor  plate  is  well  known  to  one  of  ordinary  skill  in  the  art.  The  second  plate  of 
each  of  the  capacitors  C1-C7  is  provided  by  conductor  206.  In  practice,  capacitor  plate/contacts  500  are  placed 
in  a  molded  wristband  half  504.  Each  capacitor  plate/contact  has  a  different  geometry  corresponding  to  the 

so  required  capacitance  at  each  tap.  Dielectric  layer  502  is  positioned  over  the  contacts,  followed  by  the  posi- 
tioning  of  conductor  206.  Dielectric  layer  502  may  be  molded  from  a  suitable  dielectric,  having  a  recess  in  which 
to  position  conductor  206.  Finally,  the  top  wristband  half  51  0  is  positioned  on  the  stack,  and  the  combination 
laminated  by  one  or  more  appropriate  techniques  previously  described  for  the  inductive  reactance  buffer  con- 
struction. 

55  As  shown  in  FIG.  7B,  wristband  section  204  may  be  constructed  to  provide  connection  to  the  capacitor/in- 
ductor  buffer.  In  this  instance,  conductor  208  may  be  formed,  such  as  by  stamping  or  coining  techniques,  to 
form  contacts  506  to  be  plugged  into  capacitor  plate/contacts  500.  Two  contacts  are  shown  in  this  alternate 
embodiment  of  the  present  invention.  The  two  contact  arrangement  provides  additional  strength  to  the  clasp 
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when  the  clasp  is  secured  as  well  as  a  more  reliable  electrical  contact.  Other  methods  of  forming  the  contact 
on  conductor  502  may  also  be  employed,  such  as  by  attaching  separate  fixed  contacts. 

As  in  the  case  of  the  inductive  buffer  of  FIG.  5A,  the  capacitive  buffers  of  FIGS.  7A  and  7B  may  be  de- 
scribed  as  a  flat  integrated  structure  which  includes  the  buffer  input,  taps  and  reactance  elements. 

5  While  the  description  of  the  buffered  loop  antenna  has  been  directed  primarily  for  use  in  a  wristband,  it 
will  be  appreciated,  the  reactance  buffer  of  the  present  invention  can  be  used  in  other  loop  antenna  applications 
as  well.  Examples  of  such  applications,  include  any  variable  size  loop  antenna,  either  electrically  small  or  elec- 
trically  large  and  having  any  cross  sectional  configuration,  such  as  circular,  square,  rectangular  or  other.  Other 
applications  include  such  special  purpose  variable  size  loop  antennas,  such  as  could  be  located  in  belts,  rigid 

10  bracelets,  ankle  straps,  and  the  like. 

7 



C  H  P  1  1  1  ■  1  1 
gi  V D O   i  i  in  1  1  m 
4J  OZ  G  —  <N  lO 

c  — 
to 
m 

V 
u 
C  33  EC  X 
+J  ?  I I   I I  
3  .  •  1  1  •  1  1 
C  ^  vo  o  
M  rH  rH  (\| 

« n  
a>  o  —  w >  c  s  as  x  x  x  x  s  j  -Hf l l   C C C C C C C   m 4-14-) .̂  a  
18  u  h  o  (n  m  m  r-  t_J 
tlTKQ  O r H t - t r g i - t v c s i  
OS  c  — 

1 
r3 

to 
c  —  —  —  
c  
0) 

5  °  **«  C  rH  VO  <X>  *T  T  TP 
_.  «J 
y  4->  —  rn  M  M  If)  N  91 
5  OSS  oi  oi  oi  oi  m  oo  o\ J2  3  C  rH  rH  t-4  i—  1  tH  fH  rH 
_.  c  

M 
0) <u 
<4H  ~  

■H  5  ?  ^ 

4-)  o>-»  o  *r  m  vc  r-  co  cr> «  C  X  o o o o o o   n 
Oir̂ CQ  ai  vo  n  o  r-  ■<r O i l )   i H < M n n » r  

Xi 
c  g  

WO  (0 -  -H  —  C TJ  4J  X  <-i  (m  m  t   m  id  r- C  -r4  -r  1  1  1  1  1  1  I  H 101003  0 ) 0 ) 0 ) 0 ) 0 ) 0 ) 0 )  m o   re *  c  

8 



EP  0  454  694  B1 

10 

15 

R e l a t i v e  
Band's   Length  I n d u c t a n c e  

P o s i t i o n   AL=*B(x)-B(l)  L(B-x)  Cadded  ^ant  

B-l  0  mm  142.4  nH  0  pF  157.75  MHz 

B-2  9.04  mm 
B-3  16.65  mm 
B-4  23.05  mm  168.1  nH  39.8  pF  157.75  MHz 

B-5  30.07  mm 
B-6  37  .08  mm 
B-7  44.09  mm  201.5  nH  17.2  pF  157.75  MHz 

nH  -  n a n o h e n r i e s  
20 

TABLE  I I  

25 

Claims 

1.  A  wristband  loop  antenna  (200)  for  a  wrist  worn  electronic  device,  the  device  including  a  receiver  having 
30  signal  and  ground  inputs  coupled  to  an  antenna  resonating  capacitor  (C0)  for  resonating  the  wristband 

loop  antenna  (200)  to  a  predetermined  frequency,  said  wristband  loop  antenna  (200)  comprising: 
a  first  wristband  section  (202),  including: 

a  first  conductor  (206),  having  a  first  end  for  coupling  to  the  receiver  signal  input  and  a  sec- 
ond  end,  the  first  conductor  (206)  forming  a  first  portion  of  the  wristband  loop  antenna  (200)  within  said 

35  first  wristband  section  (202);  and 
a  plurality  of  taps  (210)  linearly  disposed  along  a  longitudinal  axis  of  the  first  wristband  sec- 

tion  (202),  the  distance  between  an  outermost  tap  of  said  plurality  of  taps  (210)  providing  a  predetermined 
length  corresponding  to  the  loop  antenna  diameter  adjustment;  and 

a  second  wristband  section  (204),  including: 
40  a  second  conductor  (208),  having  a  first  end  coupled  to  the  receiver  ground  and  a  second 

end,  said  second  conductor  (208)  forming  a  second  portion  of  the  wristband  loop  antenna  within  the  sec- 
ond  wristband  section  (204);  and 

coupling  means  (214),  coupled  to  said  second  end  of  said  second  conductor  (208),  for  cou- 
pling  said  second  conductor  (208)  to  one  of  said  plurality  of  taps  (210); 

45  wherein  the  wristband  loop  antenna  (200)  is  characterized  by: 
reactance  buffer  means  (218),  comprising: 

a  reactance  buffer  input  coupled  to  the  second  end  of  the  first  conductor  (206);  and 
a  plurality  of  reactance  elements  (L1-L10),  arranged  non-serially  between  said  reactance 

buffer  input  and  each  of  the  plurality  of  taps  (210),  wherein  one  or  more  of  said  reactance  elements  (L1- 
50  L10)  are  coupled  between  said  input  and  a  corresponding  one  of  the  taps  (210)  to  provide  a  substantially 

constant  reactance  when  measured  between  said  reactance  buffer  input  and  each  of  said  plurality  of  taps 
(210),  whereby  when  the  wristband  length  is  adjusted  by  selecting  any  of  the  plurality  of  taps  (210),  the 
resonant  frequency  of  the  wristband  loop  antenna  (200)  remains  substantially  unchanged. 

55  2.  The  wristband  antenna  (200)  according  to  claim  1,  wherein  said  first  wristband  section  further  includes 
compliant  top  and  bottom  members  for  enclosing  said  first  conductor  and  said  reactance  buffer  means, 
and  said  second  wristband  section  further  includes  compliant  top  and  bottom  members  for  enclosing  said 
second  conductor. 

9 
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3.  The  wristband  antenna  (200)  according  to  claim  2,  wherein  said  top  and  bottom  members  are  molded  from 
a  urethane  rubber. 

4.  The  wristband  antenna  (200)  according  to  claim  2,  wherein  said  top  and  bottom  members  are  die  cut  from 
5  leather. 

5.  The  wristband  antenna  according  to  claim  2,  3  or  4,  wherein  said  first  (202)  and  second  (204)  wristband 
sections  further  include  attachment  means  coupled  to  said  top  and  bottom  members  at  said  first  end  for 
attaching  said  wristband  sections  to  the  electronic  device. 

10 6.  The  wristband  antenna  according  to  any  preceding  claim,  wherein  said  first  (206)  and  second  (208)  con- 
ductors  are  sheet  metal. 

7.  The  wristband  antenna  according  to  claim  6,  wherein  said  sheet  metal  is  selected  from  a  group  consisting 
of  copper,  beryllium  copper,  and  nickel  silver. 

15 

Patentanspruche 

1.  Eine  Armband-Rahmenantenne  (200)  fur  ein  am  Handgelenk  zu  tragendes  elektronisches  Gerat,  wobei 
20  das  Gerat  einen  Empfanger  umfalit,  der  Signal-  und  Erdungseingang  aufweist,  die  an  eine  Antennen-Ab- 

stimmkapazitat  (C0)  zum  Abstimmen  der  Armband-Rahmenantenne  (200)  auf  eine  vorbestimmte  Fre- 
quenz  gekoppelt  sind,  wobei  die  Armband-Rahmenantenne  aufweist: 
einen  ersten  Armbandabschnitt  (202)  mit: 

einem  ersten  Leiter  (206),  der  ein  erstes  Ende  zum  Koppeln  an  den  Empfangersignal-Eingang  und 
25  ein  zweites  Ende  aufweist,  wobei  dererste  Leiter  (206)  einen  ersten  Abschnitt  der  Armband-Rahmenan- 

tenne  (200)  in  dem  ersten  Armbandabschnitt  (202)  bildet,  und 
einer  Vielzahl  von  Abgriffen  (210),  die  linear  entlang  einer  Langsachse  des  ersten  Armbandab- 

schnitts  (202)  angeord  net  sind,  wobei  derAbstand  zwischen  den  auliersten  der  Vielzahl  der  Abgriffe  (210) 
eine  vorbestimmte,  der  Rahmenantennen-Durchmesser-Einstellung  entsprechende  Lange  schafft,  und 

OA einen  zweiten  Armbandabschnitt  (204)  mit 
einem  zweiten  Leiter  (208),  der  ein  erstes,  an  die  Emfangererdung  gekoppeltes  Ende  und  ein  zwei- 

tes  Ende  aufweist,  wobei  der  zweite  Leiter  (208)  einen  zweiten  Abschnitt  der  Armband-Rahmenantenne 
in  dem  zweiten  Armbandabschnitt  (204)  bildet,  und 

einer  an  das  zweite  Ende  des  zweiten  Leiters  (208)  gekoppelten  Kopplungseinrichtung  (214)  zur 
35 Kopplung  des  zweiten  Leiters  (208)  an  einen  aus  der  Vielzahl  der  Abgriffe  (210), 

in  welcherdie  Armband-Rahmenantenne  (200) 
gekennzeichnet  ist  durch 
eine  Reaktanzpuffereinrichtung  (218)  mit 

einem  Reaktanzpuffereingang,  der  an  das  zweite  Ende  des  ersten  Leiters  (206)  gekoppelt  ist,  und 
40  einer  Vielzahl  von  Reaktanz-Elementen  (L1-L10),  die  nicht  seriell  zwischen  dem  Reaktanzpuffer- 

eingang  und  jedem  der  Vielzahl  der  Abgriffe  (210)  angeordnet  sind,  worin  eines  oder  mehrere  der  Reak- 
tanzelemente  (L1-L10)  zwischen  dem  Eingang  und  einem  entsprechenden  der  Abgriffe  (210)  gekoppelt 
sind,  so  dali  eine  im  wesentlichen  konstante  Reaktanz  geliefert  wird,  wenn  sie  zwischen  Reaktanzpuf- 
fereingang  und  jedem  der  Vielzahl  der  Abgriffe  (210)  gemessen  wird,  wodurch  die  Resonanzfrequenz  der 

45 Armband-Rahmenantenne  (200)  im  wesentlichen  unverandert  bleibt,  wenn  die  Armbandlange  durch  Wahl 
irgendeines  der  Vielzahl  der  Abgriffe  (210)  eingestellt  wird. 

2.  Die  Armband-Rahmenantenne  (200)  nach  Anspruch  1  ,  in  welcher  der  erste  Armbandabschnitt  weiter  ein 
nachgiebiges  oberes  und  unteres  Element  zum  Einschlielien  des  ersten  Leiters  und  der  Reaktanzpuffer- 

50  einrichtung  umfalit  und  der  zweite  Abschnitt  weiter  ein  nachgiebiges  oberes  und  unteres  Element  zum 
Einschlielien  des  zweiten  Leiters  umfalit. 

3.  Die  Armband-Rahmenantenne  (200)  nach  Anspruch  2,  in  welcher  die  oberen  und  unteren  Elemente  aus 
polyurethankautschuk  geformt  sind. 

55 
4.  Die  Armband-Rahmenantenne  (200)  nach  Anspruch  2,  in  welcher  die  oberen  und  unteren  Elemente  aus 

Leder  gestanzt  sind. 
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5.  Die  Armband-Rahmenantenne  nach  Anspruch  2,  3  oder  4,  in  welcher  der  erste  (202)  und  zweite  (204) 
Armbandabschnitt  weiter  Befestigungseinrichtungen  aufweist,  die  zur  Befestigung  der  Armbandabschnit- 
te  an  dem  elektronischen  Gerat  mit  dem  oberen  u  nd  dem  unteren  Element  an  dem  ersten  Ende  verbunden 
ist. 

6.  Die  Armband-Rahmenantenne  nach  einem  der  vorangegangenen  Anspruche,  in  welcher  der  erste  (206) 
und  zweite  (208)  Leiter  aus  Metallblech  bestehen. 

7.  Die  Armband-Rahmenantenne  nach  Anspruch  6,  in  welcher  das  Metallblech  aus  einer  Gruppe,  bestehend 
aus  Kupfer,  Berylliumkupfer  und  Nickelsilber,  ausgewahlt  ist. 

Revendications 

1.  Cadre  a  bracelet  (200)  pour  un  dispositif  electronique  porte  au  poignet,  le  dispositif  comportant  un  re- 
cepteur  possedant  des  entrees  de  signal  et  de  masse  couplees  a  un  condensateur  de  resonance  d'an- 
tenne  (C0)  pour  faire  resonner  le  cadre  a  bracelet  (200)  a  une  frequence  predeterminee,  led  it  cadre  a  bra- 
celet  (200)  comprenant  : 

une  premiere  section  de  bracelet  (202),  comportant: 
un  premier  conducteur  (206),  possedant  une  premiere  extremity  destinee  a  etre  couplee  a  I'entree 

de  signal  du  recepteuret  une  deuxieme  extremite,  le  premier  conducteur  (206)  formant  une  premiere  par- 
tie  du  cadre  a  bracelet  (200)  a  I'interieur  de  ladite  premiere  section  de  bracelet  (202)  ;  et 

une  multiplicity  de  prises  (210)  disposees  de  facon  lineaire  le  long  d'un  axe  longitudinal  de  la  pre- 
miere  section  de  bracelet  (202),  la  distance  jusqu'a  la  prise  la  plus  distante  de  ladite  multiplicity  de  prises 
(210)  presentant  une  longueur  predeterminee  correspondant  a  I'ajustement  du  diametre  du  cadre  ;  et 

une  deuxieme  section  de  bracelet  (204),  comportant: 
un  deuxieme  conducteur  (208),  possedant  une  premiere  extremite  couplee  a  la  masse  du  recepteur 

et  une  deuxieme  extremite,  ledit  deuxieme  conducteur  (208)  formant  une  deuxieme  partie  du  cadre  a  bra- 
celet  a  I'interieur  de  la  deuxieme  section  de  bracelet  (204)  ;  et 

un  moyen  de  cou  plage  (214),  couple  a  ladite  deuxieme  extremite  dudit  deuxieme  conducteur  (208), 
destine  a  coupler  ledit  deuxieme  conducteur  (208)  a  une  prise  parmi  ladite  multiplicity  de  prises  (210)  ; 

le  cadre  a  bracelet  (200)  etant  caracterise  par  : 
un  moyen  tampon  a  reactance  (218),  comprenant  : 
une  entree  de  tampon  a  reactance  couplee  a  ladite  deuxieme  extremite  du  premier  conducteur 

(206)  ;  et 
une  multiplicity  d'elements  de  reactance  (L1-L10),  disposes  en  non-serie  entre  ladite  entree  de 

tampon  a  reactance  et  chacune  des  prises  de  la  multiplicity  de  prises  (210),  un  ou  plusieurs  desdits  ele- 
ments  de  reactance  (L1  -L1  0)  etant  couples  entre  ladite  entree  et  une  prise  correspondante  (21  0)  de  facon 
a  obtenir  une  reactance  sensiblement  constante  lorsque  celle-ci  est  mesuree  entre  ladite  entree  de  tam- 
pon  a  reactance  et  chacune  des  prises  de  ladite  multiplicity  de  prises  (210),  de  telle  facon  que,  lorsque 
la  longueur  du  bracelet  est  ajustee  en  selection  nant  une  prise  quelconque  de  la  multiplicity  de  prises  (210), 
la  frequence  de  resonance  du  cadre  a  bracelet  (200)  demeure  sensiblement  la  meme. 

2.  Antenne  a  bracelet  (200)  selon  la  revendication  1,  dans  laquelle  ladite  premiere  section  de  bracelet 
comporte  en  outre  un  element  superieur  et  un  element  inferieur  conformes  pour  renfermer  ledit  premier 
conducteur  et  ledit  moyen  tampon  a  reactance,  et  ladite  -deuxieme  section  de  bracelet  comporte  en  outre 
un  element  superieur  et  un  element  inferieur  conformes  pour  renfermer  ledit  deuxieme  conducteur. 

3.  Antenne  a  bracelet  (200)  selon  la  revendication  2,  dans  laquelle  ledit  element  superieur  et  ledit  element 
inferieur  sont  moules  en  caoutchouc  urethane. 

4.  Antenne  a  bracelet  (200)  selon  la  revendication  2,  dans  laquelle  ledit  element  superieur  et  ledit  element 
inferieur  sont  decoupes  a  I'emporte-piece  dans  du  cuir. 

5.  Antenne  a  bracelet  selon  la  revendication  2,  3  ou  4,  dans  laquelle  lesdites  premiere  (202)  et  deuxieme 
(204)  sections  de  bracelet  comportent  en  outre  des  moyens  de  fixation  couples  auxdits  elements  supe- 
rieur  et  inferieur  sur  ladite  premiere  extremity  pour  permettre  de  fixer  lesdites  sections  de  bracelet  au  dis- 
positif  electronique. 
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Antenne  a  bracelet  selon  I'une  quelconque  des  revendications  precedentes,  dans  laquelle  lesdits  premier 
(206)  et  deuxieme  (208)  conducteurs  sont  en  tole. 

Antenne  a  bracelet  selon  la  revendication  6,  dans  laquelle  ladite  tole  est  selectionnee  parmi  un  groupe 
compose  de  cuivre,  de  cuivre  au  beryllium  et  d'argentan. 
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