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(57)  A  reader  unit  (10)  for  reading  an  inductively 
powered  token,  such  as  a  tag,  keyfob  or  credit 
card,  has  a  reader  coil  (12)  for  producing  a  field 
to  power  the  token.  The  amplitude  Vcp  of  the 
reader  coil  waveform  is  sensed  by  a  circuit  (16, 
17,  18)  and  regulates  the  voltage  (Vcoil)  applied 
to  the  reader  coil  (12)  to  ensure  a  constant 
voltage  on  the  token  irrespective  of  where  it  is 
placed  in  the  reader  coil  field.  Regulation  is  in 
accordance  with  the  equation 

vcoil  =  m(Vcp  +  c/m) 
where  c  and  m  are  constants. 

A  reference  voltage  Vref  represents  the  con- 
stant  value  c/m.  Resistors  (30,31)  sum  Vcp  and 
c/m  which  is  passed  through  an  operational 
amplifier  (33)  having  a  negative  feed  back  loop 
with  resistors  (34,35)  to  give  a  gain  of  m.  The 
working  height  of  the  token  is  extended  whilst 
simultaneously  widening  the  design  tolerances 
of  the  token  which  is  easier  and  cheaper  to 
manufacture. 

Vc, L  M  3  1  7  rr̂ cP  +  c  =  Vcoii.  j 
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The  invention  relates  to  a  reader  unit  for  reading 
an  inductively  powered  token  and  also  a  data  system 
incorporating  such  reader  unit.  The  inductively  pow- 
ered  token  can  take  the  form  of  a  tag,  a  key  fob,  a 
credit  card,  or  any  other  object  containing  information 
to  be  supplied  to  a  reader  unit.  Such  tokens  usually 
comprise  a  token  coil  to  receive  magnetic  flux  from 
the  reader  unit,  optionally  a  tuning  capacitor  to  im- 
prove  performance,  means  for  rectifing  the  voltage 
induced  in  the  token  coil,  and  a  voltage  regulator  to 
control  the  rectified  voltage  applied  to  the  operative 
circuits  of  the  token. 

In  an  article  by  Mr.  Tom  Ivall  published  in  Elec- 
tronics  &  Wireless  World,  pages  577  -  579,  the  energ- 
isation  of  implanted  nerve  stimulators  by  electromag- 
netic  induction  is  discussed.  More  particularly,  it  is 
stated  that  such  implanted  stimulators,  and  probably 
inductive  links  in  other  applications  outside  of  medi- 
cine,  should  be  operationally  flexible  in  tolerating 
some  uncertainty  in  the  working  distance  between 
the  energy  transmission  coil  and  the  subcutaneous 
receiver  coil.  More  particularly  it  is  recognised  that 
variations  in  the  working  distance,  and  therefore  cou- 
pling  coefficient,  between  the  two  coils  should  not  af- 
fect  the  amount  of  electromagnetic  energy  coupled 
into  the  receivertoo  drastically  and  reference  is  made 
to  a  "separation-insensitive  link"  designed  by  PEK 
Donaldson  and  the  subject  of  UK  Patent  Application 
No.  8622274.  The  separation-insensitive  link  is  a 
combination  of  self-oscillating  series-resonant  trans- 
mitter  and  series-resonant  receiver,  and  relies  on  the 
energy  transferred  to  the  receiver  being  independent 
of  the  mutual  induction  coupling  coefficient,  k,  over  a 
useful  range.  This  article  teaches  how  a  constant  vol- 
tage  can  be  developed  in  a  subcutaneous  tag  over  a 
wide  range  of  coupling  coefficients,  subject  to  the  two 
coils  being  overcoupled  (coupling  coefficient  >  critical 
coupling  for  the  system)  and  that  the  carrier  frequen- 
cy  is  allowed  to  vary.  Most  data  systems  utilising  in- 
ductively  powered  tokens  rely  on  a  stable  carrier  fre- 
quency  and  it  would  be  undesirable  to  vary  the  carrier 
frequency  as  the  position  and  orientation  of  the  token 
varies,  because  the  carrier  frequency  is  also  used  as 
the  basis  of  the  clock  for  the  token  intelligence  and 
memory.  Accordingly  the  proposals  in  this  article 
would  limit  the  range  of  operation  of  an  inductive  tok- 
en  because  ofthe  need  to  vary  the  carrier  frequency. 

US  Patent  4797541  teaches  how  a  reader  unit 
can  be  arranged  to  provide  a  precise  predetermined 
amount  of  power  to  an  inductively  powered  token,  by 
using  a  microprocessor  and  by  measuring  the  perfor- 
mance  ofthe  reader  coil  circuit  before  the  inductively 
powered  token  is  placed  near  it.  It  discloses  that  a 
reader/writer  unit  is  operative  to  power  the  token  and 
comprises  a  power  delivery  system  and  a  power  reg- 
ulator.  An  oscillator  drives  a  power  amplification  cir- 
cuit  which  drives  a  primary  coil  serving  as  a  single 
reader  coil.  A  variable  voltage  source  is  connected  to 

a  centre  tap  of  the  reader  coil  and  is  operable  to  vary 
the  voltage  applied  to  the  reader  coil.  A  current  mon- 
itor  is  used  to  measure  the  DC  currentdrive  that  flows 
through  the  reader  coil.  The  microprocessor,  among 

5  other  things,  is  used  to  control  the  primary  voltage 
applied  by  the  variable  voltage  source  to  the  centre 
tap  of  the  reader  coil  and  also  stores  in  its  memory  the 
value  of  the  DC  current  drive  measured  by  the  cur- 
rent  monitor.  Before  the  personal  data  card  is  inserted 

10  into  the  reader/writer  unit,  the  microprocessor  causes 
the  variable  voltage  source  to  apply  a  sequence  of 
stepped  voltage  levels  to  the  reader  coil  and  stores  in 
its  memory  the  measure  of  a  quiescent  DC  current 
drive  associated  with  each  ofthe  stepped  voltage  lev- 

is  els.  After  the  personal  data  card  is  inserted  into  the 
reader/writer  module,  the  microprocessor  causes  the 
variable  voltage  source  to  increase  the  voltage  ap- 
plied  to  the  reader  coil  in  a  similar  sequence  of  step- 
ped  voltage  levels.  Thereafter,  the  current  monitor 

20  measures  the  DC  current  drive  through  the  reader 
coil  and  presents  this  measuremenet,  in  digital  form, 
to  the  microprocessor  where  it  is  also  stored  in  asso- 
ciation  with  the  particular  primary  voltage  that 
caused  it  to  flow.  The  microprocessor  then  calculates 

25  a  measure  of  power  transmitted  from  the  product  of 
these  currents  and  voltages.  For  each  ofthe  stepped 
voltages  the  microprocessor  then  calcaulates  the 
power  difference  between  the  measured  power  with 
and  without  the  personal  data  card  inserted.  This 

30  power  difference  corresponds  to  the  amount  of  power 
actually  delivered  to  the  personal  data  card  and,  when 
the  power  difference  exceeds  a  predetermined 
threshold,  the  microprocessor  discontinues  the  step- 
ping  process  and  maintaines  the  voltage  presently 

35  applied  to  the  reader  coil  until  the  personal  data  card 
is  removed  from  the  reader/writer  unit.  After  the  per- 
sonal  data  card  is  removed,  the  microprocessor  re- 
peats  its  function  and  calculates  new  quiescent  val- 
ues  of  power. 

40  Thus,  US  Patent  4797541  discloses  that  a  read- 
er/writer  unit,  for  reading  an  inductively  powered  per- 
sonal  data  card,  should  have  a  single  primary  coil  for 
producing  a  field  to  power  the  personal  data  card,  a 
variable  voltage  regulator  operable  to  vary  the  vol- 

45  tage  applied  to  the  primary  coil,  and  a  microprocessor 
arranged  to  operate  the  variable  voltage  regulator  to 
set  the  power  to  be  supplied  to  the  personal  data  card 
by  the  primary  coil.  However  this  is  not  achieved  in 
real  time  because  a  period  of  time  is  necessary  to  cal- 

50  ibrate  the  reader  before  the  insertion  ofthe  personal 
data  card  followed  by  a  further  period  of  time  to  set 
the  correct  voltage.  Indeed  it  is  necessary  for  the  per- 
sonal  data  card  to  be  absent  whilst  power  is  measured 
at  various  set  voltages,  and  for  this  process  to  be  re- 

55  peated  whilst  the  personal  data  card  is  present,  be- 
fore  the  microprocessor  can  determine  the  power  dif- 
ference,  calculate  the  power  and  set  the  required  vol- 
tage.  To  achieve  this  it  would  appear  essential  for  the 
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personal  data  card  to  be  held  In  a  fixed  position  In  the 
reader/writer  unit.  This  approach  is  complicated  and 
expensive  due  to  the  requirement  for  a  microproces- 
sor  and  analogue/digital  interfaces  and  also  the  need 
to  callibrate  each  reader/writer  unit  for  its  correction 
factor.  The  concept  is  to  supply  a  precisely  predeter- 
mined  amount  of  power  to  a  personal  datacard  insert- 
ed  into  the  reader/writer  unit  and  this  limits  its  useful- 
ness  to  only  those  personal  data  cards  having  that 
specific  power  requirement  -  indeed  the  insertion  of 
a  personal  data  card  having  a  higher  power  require- 
ment  would  result  in  it  being  inadequately  powered, 
and  one  having  a  lower  power  requirement  would 
probably  be  damaged. 

It  is  an  object  of  the  present  invention  to  provide 
a  reader  unit  for  reading  an  inductively  powered  tok- 
en,  and  a  data  system  utilising  such  reader  unit,  in 
which  an  approximately  constant  voltage  is  main- 
tained  on  the  token  irrespective  of  where  it  is  placed 
within  the  R.F.  field  generated  by  the  reader  coil. 
More  particularly,  this  invention  is  concerned  with 
achieving  this  objective  without  any  need  to  alter  the 
carrier  frequency  and  without  any  need  to  provide  a 
microprocessor  for  calculating  the  currents  and  sub- 
sequently  providing  the  correct  amount. 

According  to  one  aspect  ofthe  present  invention 
a  reader  unit,  for  reading  an  inductively  powered  tok- 
en,  has  the  control  means  provided  by  a  means  for 
sensing  the  amplitude  ofthe  voltage  waveform  in  the 
reader  coil  as  an  indication  ofthe  power  drawn  by  the 
token  dependent  on  its  coupling  coefficient  with  the 
reader  coil,  and  a  feedback  circuit  to  control  the  vari- 
able  voltage  regulator  thereby  regulating  the  voltage 
applied  to  the  reader  coil  to  maintain  power  transmis- 
sion  to  the  token  approximately  constant.  In  this  man- 
ner  the  present  invention  enables  the  power  supplied 
to  the  token  coil  to  be  adjusted  by  analogue  means  in 
real  time,  to  maintain  constant  power  in  the  token 
whenever  it  is  in  the  reader  coil  field.  Accordingly, 
there  is  no  need  to  measure  the  power.  Instead  the 
present  invention  fits  a  linear  relationship  between 
the  voltage  developed  on  the  card  to  the  peak  coil  vol- 
tage  on  the  reader.  Furthermore,  the  present  inven- 
tion  enables  the  token  to  be  moved  with  respect  to  the 
reader  coil  and  also  enables  the  reader  unit  to  provide 
the  correct  power  to  tokens  having  different  power  re- 
quirements,  neither  of  which  can  be  done  utilising  the 
teaching  of  US  Patent  4797541. 

In  the  case  where  the  reader  coil  forms  part  of  an 
oscillator,  the  voltage  applied  to  the  oscillator  is  pre- 
ferably  controlled  by  the  variable  voltage  regulator. 

The  feedback  circuit  preferably  includes  circuit 
elements  to  control  the  variable  voltage  regulator  at 
least  approximately  in  accordance  with  the  equation:- 

Vcoil  =  mVcp  +  c 
where: 

Vcoil  is  the  voltage  applied  to  the  reader  coil, 
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Vcp  is  the  amplitude  of  the  reader  coil  wave- 
form,  and 

m  and  c  are  constants. 
5  The  circuit  elements  preferably  include  means  for 

producing  a  reference  voltage  (Vref)  to  express  the 
ratio  of  <7m,  means  for  summing  the  reference  voltage 
and  the  amplitude  of  the  reader  coil  waveform  (Vcp), 
and  a  negative  feedback  loop  arranged  to  give  a  gain 

10  of  (m)  to  the  summation  of  (Vref)  and  (Vcp).  The 
means  for  sensing  the  amplitude  of  the  voltage  wa- 
veform  is  preferably  also  arranged  to  detect  from  the 
voltage  waveform  whether  a  token  is  inductively  cou- 
pled  with  the  reader  coil. 

15  According  to  another  aspect  of  the  invention  a 
data  system  comprises  a  reader  unit  as  taught  by  the 
present  invention  and  a  plurality  of  tokens,  each  token 
being  provided  in  a  known  manner  with  a  token  coil 
to  receive  magnetic  flux  from  the  reader  coil  and 

20  means  for  rectifying  the  voltage  induced  in  the  token 
coil.  Preferably,  the  tokens  are  not  provided  with  any 
means  for  regulating  the  rectified  voltage,  and  the 
rectified  voltage  is  maintained  approximately  con- 
stant  by  the  regulation  of  the  voltage  applied  to  the 

25  reader  coil. 
The  present  invention  enables  a  constant  voltage 

to  be  maintained  on  a  token  irrespective  of  where  is 
it  placed  within  the  R.F.  field  generated  by  the  reader 
coil.  The  position  and  orientation  ofthe  token  coil,  rel- 

30  ative  to  the  reader  coil,  affects  the  coupling  coeffi- 
cient  K  which  is  one  of  the  parameters  affecting  the 
voltage  induced  on  the  token  coil.  The  primary  limit- 
ation  to  this  concept  is  the  maximum  available  power 
supply  which  will  limit  the  maximum  operative  spacing 

35  between  the  token  coil  and  the  reader  coil. 
The  invention  will  now  be  described  with,  by  way 

of  example  only,  with  reference  to  the  accompanying 
drawings,  in  which:- 

Figure  1  is  a  circuit  diagram  of  a  known  data  sys- 
40  tern  incorporating  a  reader  unit  and  a  token; 

Figure  2  is  a  graph  illustrating  the  range  of  guar- 
anteed  working  height  achieved  with  the  ar- 
rangement  illustrated  in  Figure  1; 
Figure  3  illustrates  the  circuit  of  a  reader  unit  in 

45  accordance  with  the  present  invention,  and 
Figure  4  is  a  graph  illustrating  the  increased 
range  of  guaranteed  working  height  provided  by 
a  reader  unit  in  accordance  with  the  present  in- 
vention. 

so  With  reference  to  Figure  1,  a  reader  unit  is  indi- 
cated  generally  by  arrow  10,  and  an  inductively  pow- 
ered  token,  in  the  form  of  a  smart  card,  by  arrow  11. 

The  reader  unit  1  0  has  a  direct  current  supply  Vcc 
connected  to  a  reader  coil  12  which  is  tapped  at  13  to 

55  provide  a  voltage  amplification  and  is  driven  by  a  field 
effect  transistor  14  in  known  manner.  Typically  the 
field  effect  transistor  would  be  gated  by  a  modulation 
signal  to  cause  fluctuating  currents  to  oscillate  in  the 
reader  coil  12.  A  tuning  capacitor  15  may  be  posi- 
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tioned,  as  shown,  to  increase  the  efficiency  of  the 
reader  coil  12  in  known  manner.  A  voltage  signal  Vcp 
is  used  to  detect  whenever  the  token  1  1  is  inductively 
coupled  with  the  reader  coil  12,  and  is  derived  from 
the  reader  coil  12  through  a  high  impedance  resistor 
16  which  allows  the  reader  coil  waveform  to  be  tap- 
ped  without  affecting  it.  A  diode  1  7  is  provided  to  rec- 
tify  the  reader  coil  waveform,  and  a  filter  18  is  used 
to  smooth  the  reader  coil  waveform  to  provide  an  in- 
dication  of  the  amplitude  of  the  reader  coil  voltage. 
Vcp  is  used  purely  to  detect  whether  the  token  11  is 
in,  or  on,  the  reader  unit  10,  and  typically  is  arranged 
to  operate  a  switch,  or  other  decision  component,  to 
signal  to  the  reader  unit  10  whether  or  not  a  token  11 
is  in  position. 

The  inductively  powered  token  11  has  a  token  coil 
20  for  inductive  coupling  with  the  reader  coil  12  at  a 
coupling  coefficient  k.  Optionally,  a  tuning  capacitor 
21  may  be  arranged  in  known  manner  to  optimise  the 
efficiency  ofthe  token  11.  A  rectifier  circuit  22  is  pro- 
vided  to  produce  an  unregulated  D.C.  output  which  is 
applied,  across  a  ripple  smoothing  capacitor  23,  to  a 
constant  current  regulator  24  of  which  the  output  is 
Vunreg.  Any  variation  in  the  position  between  the  tok- 
en  coil  20  and  the  reader  coil  12  will  alter  the  value  of 
k  and,  as  the  regulator  24  provides  a  constant  load, 
the  value  of  Vunreg  will  alter  accordingly  as  illustrated 
in  Figure  2. 

From  Figure  2,  it  will  be  noted  that  Vunreg  will 
vary  with  the  height  of  the  token  coil  20  above  the 
reader  coil  12,  that  is  the  gap  between  the  coils  12 
and  20.  For  the  token  to  operate  satisfactorily,  the  ap- 
plied  potential  must  be  between  the  predetermined 
limits  illustrated  in  Figure  2  which,  by  extrapolation, 
determine  the  height,  or  effective  gap,  at  which  the 
token  is  guaranteed  to  work. 

In  Figure  3,  part  of  the  circuit  for  the  reader  unit 
1  0  is  identical  to  that  already  described  with  reference 
to  Figure  1  and,  accordingly,  the  same  reference  nu- 
merals  have  been  utilised  to  indicate  equivalant  com- 
ponents  which  will  not  be  described  any  further. 

The  circuit  illustrated  in  Figure  3  is  designed  to 
take  account  ofthe  realisation  that,  if  Vunreg  is  to  be 
held  substantially  constant,  then:- 

Vcoil  =  mVcp  +  c 
where:  m  and  c  are  constants 

It  is  therefore  possible  to  maintain  Vunreg  sub- 
stantially  constant  by  reading  Vcp  and  applying  the 
above  equation  to  set  Vcc.  This  can  best  be  envis- 
aged  by  rewriting  the  above  equation  as  follows:- 

Vcoil  =  m(Vcp  +  c/m) 
In  the  circuit  of  Figure  3,  it  will  be  noted  that  Vcp 

is  used  as  an  analogue  signal  feeding  back  to  a  resis- 
tor  30  which  is  arranged  in  parallel  to  a  resistor  31  to 
which  a  reference  voltage  Vref  is  applied.  It  is  ar- 
ranged  for  Vref  to  represent  the  constant  value  of  c/m 
and  to  be  set  either  from  a  band  gap  reference  or  from 
Vcc  via  a  potential  divider. 

The  resistors  30  and  31  are  chosen  to  sum  Vcp 
and  <7m.  An  operational  amplifier  33  is  provided  with 
a  negative  feed  back  loop  containing  resistors  34  and 

5  35  to  give  a  gain  of  m  which,  of  course,  is  set  by  the 
ratio  of  the  resistors  34  and  35. 

The  output  from  the  operational  amplifier  33  is 
accordingly  a  measure  of  m(Vcp  +  <7m)  which  is  other- 
wise  mVcp  +  c  and  is  applied  to  a  variable  voltage  reg- 

10  ulator  36  thereby  modulating  Vcoil  according  to  the 
equation  Vcoil  =  mVcp  +  c.  This  equation  also  could 
take  account  of  any  non-linearty  of  the  variable  vol- 
tage  regulator  36. 

Figure  4  is  a  typical  graph  of  Vunreg  for  a  token 
15  coil  20  inductively  coupled  to  the  circuit  of  Figure  3.  It 

will  be  noted  that  Vunreg  is  constant  over  a  much  wid- 
er  range  of  working  height  (that  is  effective  gap)  and 
only  starts  to  fall  off  at  37  due  to  the  limitations  of  Vcc. 

Because  the  reader  unit  10  taught  by  Figure  3  ef- 
20  fectively  maintains  a  constant  voltage  within  the  tok- 

en  11  irrespective  of  the  working  gap  between  the 
reader  coil  12  and  the  token  coil  20  (within  the  limit- 
ation  ofthe  Vcc),  the  structure  ofthe  token  11  can  be 
simplified  by  omitting  any  means  for  regulating  the 

25  rectified  voltage  from  the  rectifier  circuit  22. 
The  invention  provides  a  number  of  advantages 

over  prior  arrangements.  Of  particular  importance, 
the  design  tolerances  on  the  card  can  be  widened, 
therefore  making  the  card  easier  to  manufacture  and 

30  consequently  cheaper.  The  reason  design  tolerances 
could  be  widened  is  that  inductively  powered  tokens 
will  only  work  properly  over  a  predetermined  voltage 
range.  The  lowest  working  voltage  is  set  by  the  tech- 
nology  used  for  the  rest  of  the  circuitry  on  the  token 

35  after  the  rectifier  22  and  regulator  24,  for  instance,  if 
the  rest  of  the  circuit  requires  5V,  then  the  lowest 
working  voltage  might  be  6V  to  guarantee  that  5V  is 
always  generated  by  the  regulator  24.  On  the  other 
hand,  the  highest  working  voltage  is  set  by  the  tech- 

40  nology,  geometry,  size  and  power  dissipation  require- 
ments,  that  is  the  highest  permissible  working  vol- 
tage  which  might  typically  be  12V.  One  could  possibly 
use  higher  working  voltages  but  there  would  then  be 
a  risk  of  the  token  being  damaged. 

45  Accordingly,  each  token  might  have  an  ideal 
working  range  of  between  6Vto  12V,  although  it  could 
be  different.  When  one  is  considering  the  production 
of  thousands  ormillions  of  tokens  potentially  working 
on  a  reader  unit,  it  is  necessary  to  take  account  ofthe 

so  tolerances  in  the  token  circuit  design,  for  instance  tok- 
en  coil  resistance  tolerance,  tuning  capacitor  toler- 
ance,  current  consumption  tolerance,  and  how  the 
token  is  manufactured.  All  of  these  design  parameters 
affect  the  voltage  generated  on  a  token.  For  instance, 

55  for  all  tokens  placed  at  the  same  position  and  orien- 
tation  in  a  field  generated  by  a  reader  coil,  one  might 
see  8.75V  +  0.75V,  that  is  a  range  from  8V  to  9.5V. 
Therefore  it  would  only  be  possible  to  guarantee  that 
all  tokens  would  work  on  a  reader  unit  by  stating  the 

4 
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positions  over  which  they  have  voltage  range  varied 
from  6.75V  to  11  .25V  for  example. 

Therefore  a  "constant  voltage"  on  the  token  of, 
say  9V,  would  allow  tolerances  in  token  design  to  be 
widened  such  that  the  working  voltage  tolerance  was 
a  +  3V;  that  is  without  exceeding  a  maximum  voltage 
of  12  V. 

Another  advantage  provided  by  the  present  in- 
vention  is  that  less  power  is  dissipated  in  the  token 
which  might  previously  have  had  to  handle  up  to  12V 
whereas  the  maximum  it  would  now  encounter  would 
be  9V.  There  is  also  less  power  dissipation  in  the 
reader  unit  because,  as  the  token  coil  gets  closer  to 
the  reader  coil,  the  voltage  in  the  reader  unit  is  re- 
duced  to  stop  the  voltage  rising  on  the  token,  thereby 
reducing  the  power  consumption  of  the  reader  unit. 

A  further  advantage  is  that  the  height/position 
range  for  the  token  would  be  extended  because  its  af- 
fect  on  the  working  voltage  is  no  longer  the  limiting 
factor. 

Other  advantages  have  been  discussed  in  the 
specification,  but  it  should  be  noted  that  the  manufac- 
turing  cost  ofthe  token  can  also  be  reduced  by  omit- 
ting  the  previously  necessary  regulator. 

Claims 

1  .  A  reader  unit,  for  reading  an  inductively  powered 
token,  having  a  single  reader  coil  for  producing  a 
field  to  power  the  token,  a  variable  voltage  regu- 
lator  operable  to  vary  the  voltage  applied  to  the 
reader  coil,  and  control  means  arranged  to  oper- 
ate  the  variable  voltage  regulator  to  set  the  power 
to  be  supplied  to  the  token  by  the  reader  coil, 
characterised  in  that  the  control  means  includes 
means  (16,  17,  18)  for  sensing  the  amplitude  of 
the  voltage  waveform  in  the  reader  coil  (12)  as  an 
indication  of  the  power  drawn  by  the  token  (11) 
dependent  on  its  coupling  coefficient  (K)  with  the 
reader  coil  (12),  and  a  feedback  circuit  (30,  31, 
33,  34,  35)  to  control  the  variable  voltage  regula- 
tor  (36)  thereby  regulating  the  voltage  (Vcoil)  ap- 
plied  to  the  reader  coil  (12)  to  maintain  power 
transmission  to  the  token  (1  1  )  approximately  con- 
stant. 

2.  A  reader  unit,  as  in  Claim  1  and  in  which  the  read- 
er  coil  forms  part  of  an  oscillator  (12,  13,  14,  15) 
in  known  manner,  characterised  in  that  the  vol- 
tage  applied  to  the  oscillator  (12,  13,  14,  15)  is 
controlled  by  the  variable  voltage  regulator  (36). 

3.  A  reader  unit,  as  in  Claim  1  or  2,  characterised 
that  the  feedback  circuit  (30,  31,  33,  34,  35)  in- 
cludes  circuit  elements  (30,  31  ,  33,  34,  35)  to  con- 
trol  the  voltage  regulator  (36)  at  least  approxi- 
mately  in  accordance  with  the  equation:- 

Vcoil  =  mVcp  +  c 
where: 

Vcoil  is  the  voltage  applied  to  the  reader 
5  coil, 

Vcp  is  the  amplitude  ofthe  reader  coil  wa- 
veform,  and 

m  and  c  are  constants. 

10  4.  A  reader  unit,  as  in  Claim  3,  characterised  in  that 
the  circuit  elements  (30,  31,  33,  34,  35)  include 
means  for  producing  a  reference  voltage  (Vref)  to 
express  the  ratio  of  c/m,  means  (30,  31)  for  sum- 
ming  the  reference  voltage  (Vref)  and  the  ampli- 

15  tude  of  the  reader  coil  waveform  (Vcp),  and  a 
negative  feedback  loop  (34,  35)  arranged  to  give 
a  gain  (m)  to  the  summation  of  (Vref)  and  (Vcp). 

5.  A  reader  unit,  as  in  any  preceding  claim,  charac- 
20  terised  the  means  (16,  17,  1  8)  forsensing  the  am- 

plitude  ofthe  voltage  waveform  is  also  arranged 
to  detect  from  the  voltage  waveform  whether  a 
token  (11)  is  inductively  coupled  with  the  reader 
coil  (12). 

25 
6.  A  data  system  characterised  in  that  it  comprises 

a  reader  unit  (10)  as  in  any  preceding  claim  and 
a  plurality  of  tokens  (11),  each  token  (11)  being 
provided  in  known  manner  with  a  token  coil  (20) 

30  to  receive  magnetic  flux  from  the  reader  coil  (1  2) 
and  means  (22)  for  rectifying  the  voltage  induced 
in  the  token  coil  (20). 

7.  Adata  system,  as  in  Claim  6  and  in  which  the  tok- 
35  ens  (11)  are  not  provided  with  any  means  for  reg- 

ulating  the  rectified  voltage,  characterised  in  that 
the  rectified  voltage  is  maintained  approximately 
constant  by  the  regulation  of  the  voltage  applied 
to  the  reader  coil  (12). 

40 
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