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©  Position  pointer  for  digitizer. 
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©  A  cordless  position  pointer  (10)  used  for  a 
digitizer  comprises  a  first  tuning  circuit  (152,153) 
which  is  normally  closed,  for  resonating  with  an 
electromagnetic  wave  transmitted  from  the  position 
detecting  area  of  a  digitizer  when  the  position  point- 
er  approaches  to  the  position  detecting  area,  so  that 
the  position  where  the  pointer  approaches  the 
digitizer  is  notified  to  the  same,  and  a  second  tuning 
circuit  (152,154)  which  is  formed  when  the  position 
pointer  touches  the  position  detecting  area  by  an 
operation,  for  resonating  with  said  electromagnetic 
wave,  thereby  to  notify  to  the  digitizer  the  position 
where  the  pointer  touches  the  detecting  area. 

FIG.  1 
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The  present  invention  relates  to  a  position 
pointer  of  a  digitizer  for  digitizing  the  position  point- 
ed  by  the  position  pointer  and,  more  particularly,  to 
a  cordless  position  pointer  which  can  notify  the 
positions  in  both  the  states  of  accessing  on  touch- 
ing  the  position  detecting  area  with  the  position 
information  of  the  digitizer. 

Conventionally  as  a  position  pointer  of  this 
type,  an  exciting  coil  is  provided  on  one  end  of  the 
pointer,  and  electromagnetic  wave  is  generated  by 
supplying  electric  current  to  the  driving  coil.  Due  to 
this,  the  electromagnetic  wave  is  provided  locally 
to  a  plurality  of  coils  which  are  placed  side-by-side 
on  the  position  detecting  area  of  the  digitizer,  and  a 
voltage  is  induced.  In  another  way,  an  electromag- 
netic  wave  is  generated  locally  at  the  specified 
timing  from  a  plurality  of  coils  which  are  placed 
side-by-side  on  the  position  detecting  area  of  the 
digitizer  by  supplying  electric  current  to  said  coils. 
A  voltage  is  induced  to  a  detecting  coil  provided  on 
one  end  of  the  pointer.  The  positions  are  notified 
by  each  induced  voltage.  However,  the  above-men- 
tioned  position  pointer  requires  the  cord  which  sup- 
plies  an  electric  current  to  the  exciting  coil  or  the 
cord  for  detecting  the  inducing  voltage  from  the 
detecting  coil.  Therefore,  there  is  a  disadvantage  of 
operability  for  the  position  pointing. 

In  addition,  in  order  to  eliminate  the  disadvan- 
tage  of  the  conventional  position  pointer,  it  has 
been  proposed  that  the  cordless  position  pointer  is 
equipped  with  a  battery  to  supply  the  current  with 
the  exciting  coil,  however,  it  is  necessary  to  ex- 
change  a  battery  or  to  charge  it,  which  makes  the 
work  complicated,  in  addition,  the  pointer  becomes 
heavier  because  of  the  battery,  as  a  result,  the 
handling  characteristic  of  the  position  pointer  can 
not  be  improved. 

There  is  also  conventionally  the  position  point- 
er,  as  disclosed  in  Japanese  Patent  Laid-Open  No. 
Sho  52-91324. 
This  has  a  magnetic  member  on  the  end  of  the 
body.  A  plurality  of  driving  coils  are  placed  on  the 
position  detecting  area  of  the  digitizer  and  are 
supplied  with  electric  current  sequentially,  and  a 
plurality  of  detecting  coils  which  detect  the  induced 
voltage  sequentially  are  arranged  orthogonally  to 
said  driving  coils.  The  driving  coils  and  detecting 
coils  are  connected  electromagnetically.  The  posi- 
tion  is  detected  by  the  induced  voltage  variation 
which  is  produced  by  the  electromagnetic  connec- 
tion  variation  due  to  the  above-mentioned  magnetic 
member  which  approaches  to,  or  touches  the  posi- 
tion  detecting  area. 

In  the  above-mentioned  position  pointer,  it  is 
possible  to  eliminate  a  cord  as  well  as  a  battery, 
however,  there  is  a  disadvantage  that  a  digitizer 
can  not  identify  whether  the  position  pointer  is 
placed  in  the  very  close  proximity  of  the  position 

detecting  area  or  touches  it. 
Furthermore,  in  order  to  overcome  another  dis- 

advantage  of  the  conventional  position  pointer,  JP- 
A-59-3537  discloses  a  position  pointer  having  a  coil 

5  or  a  LC  circuit  which  varies  an  inductance  of  the 
magnetic  member,  enabling  the  position  detection 
only  when  the  position  pointer  is  pressed  onto  the 
position  detecting  area.  However,  when  the  position 
pointer  is  not  pressed  onto  the  position  detecting 

io  area,  its  position  and  its  state  cannot  be  detected 
at  all,  therefore,  it  is  impossible  to  make  sure  of  a 
position  pointed  by  a  position  pointer  before  the 
input  operation. 

Accordingly,  a  object  of  the  present  invention 
75  is  to  provide  a  position  pointer  which  does  not 

require  a  cord  or  a  battery,  and  notifies  either  the 
states  of  approaching  to  or  touching  the  position 
detecting  area  together  with  the  position  informa- 
tion  to  the  digitizer. 

20  In  order  to  achieve  the  object,  a  cordless  posi- 
tion  pointer  used  for  a  digitizer,  wherein  the 
digitizer  possesses  a  position  detecting  area  having 
a  plurality  of  loop  coils  arrayed  in  a  side-by-side 
fashion  for  producing  and  receiving  an  electromag- 

25  netic  wave,  and  the  digitizer  processes  voltages 
induced  in  some  of  the  loop  coils  and  digitizes  a 
position  pointed  by  the  pointer  on  the  position 
detecting  area  in  more  minute  precision  than  a 
layout  distance  of  said  coils,  comprising: 

30  a  first  tuning  circuit  which  is  normally  closed, 
for  resonating  with  an  electromagnetic  wave  trans- 
mitted  from  the  position  detecting  area  when  the 
position  pointer  approaches  to  the  position  detect- 
ing  area;  and 

35  a  second  tuning  circuit  which  is  formed  when 
the  position  pointer  touches  the  position  detecting 
area  by  an  operation,  for  resonating  with  said  elec- 
tromagnetic  wave  from  the  position  detecting  area: 

said  first  tuning  circuit  produces  a  first  effective 
40  electromagnetic  wave  caused  by  said  resonation  in 

the  basis  of  said  approaching,  and  notify  the 
digitizer  of  a  position  where  the  pointer  is  ap- 
proaching  and  an  state  that  the  pointer  is  touching 
to  the  detecting  area; 

45  said  second  tuning  circuit  produces  a  second 
effective  electromagnetic  wave  caused  by  said  re- 
sonation  in  the  basis  of  said  touching  the  detecting 
area,  and  notifies  the  digitizer  of  the  position  where 
the  pointer  touches  and  the  state  that  the  pointer 

50  touches  the  detecting  area; 
thereby  a  position  pointer  notifies  either  the 

states  of  approaching  to  or  touching  the  position 
detecting  area  together  with  the  position  informa- 
tion  to  the  digitizer. 

55  Fig.  1  is  an  illustration  of  the  internal  structure  of 
one  embodiment  of  the  position  pointer  for  the 
invention; 
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Fig.  2  is  an  illustration  of  the  construction  of  a 
tuning  circuit  for  the  position  pointer; 
Fig.  3  is  the  construction  showing  one  example 
of  the  digitizer  using  the  position  pointer  in 
accordance  with  the  present  invention; 
Fig.  4  is  a  block  diagram  showing  the  detail  of  a 
transmission  circuit  and  a  receiving  circuit  which 
are  incorporated  in  the  digitizer; 
Fig.  5  is  a  waveform  chart  showing  waveforms 
of  signals  obtained  in  various  portions  of  Fig.  4; 
Fig.  6  is  a  timing  chart  for  explaining  the  basic 
position  detecting  operation  in  the  processing 
device  of  the  digitizer; 
Fig.  7  is  a  graph  showing  the  levels  of  voltages 
induced  in  loop  coils  in  the  first  cycle  of  detect- 
ing  operation; 
Fig.  8  is  a  graph  showing  the  timing  of  the 
second  and  subsequent  cycles  of  detecting  op- 
eration; 
Fig.  9  is  an  illustration  of  the  construction  of 
other  example  of  the  digitizer  using  the  position 
pointer  in  accordance  with  the  present  invention; 
and 
Fig.  10  is  a  timing  chart  similar  to  that  shown  in 
Fig.  8  but  showing  the  timings  used  in  Fig.  9. 
Fig.  1  shows  an  input  pen  10  as  one  example 

of  the  position  pointer  in  accordance  with  the 
present  invention.  The  input  pen  10  has  a  pen 
holder  1  1  made  of  a  non-metallic  material  such  as 
a  synthetic  resin.  The  pen  holder  11  receives,  as 
mentioned  from  the  top  end  of  the  pen  holder,  a 
pointing  member  12,  a  ferrite  core  13  having  a  hole 
which  slidably  receives  the  pointing  member  12,  a 
coiled  spring  14,  and  a  tuning  circuit  15  constituted 
by  a  coil  152  wound  around  the  ferrite  core  13, 
capacitors  153,  154  and  a  variable  capacitor  155. 
And  a  cap  16  rested  on  a  rear  end  of  the  pen 
holder. 

As  will  be  understood  also  from  Fig.  2,  the 
capacitor  153  and  the  variable  capacitor  155  are 
connected  in  parallel  to  each  other  and  both  ends 
of  this  parallel  connection  are  connected  to  the  coil 
152  to  form  a  known  resonance  circuit.  The  induc- 
tance  and  capacitances  of  the  coil  152,  capacitor 
153  and  the  variable  capacitor  155  are  so  deter- 
mined  that  the  tuning  circuit  can  resonate  with  the 
frequency  of  the  electromagnetic  wave  produced 
by  the  loop  coil  of  the  position  detecting  section. 

On  the  other  hand,  the  capacitor  154  is  con- 
nected  to  both  ends  of  the  coil  152  through  the 
switch  151.  The  capacitor  154  has  a  function  to 
delay  the  phase  of  the  electric  current  in  the 
above-mentioned  parallel  resonance  circuit  by  a 
predetermined  angle,  when  the  switch  151  is 
closed.  When  the  pointing  end  of  the  pointing 
member  12  is  pressed  onto  the  input  surface  (not 
shown)  of  the  position  detecting  section,  the  switch 
151  is  pressed  by  the  rear  end  of  the  pointing 

member  12  through  the  coiled  spring  14,  whereby 
the  switch  151  is  closed. 

A  first  tuning  circuit  consists  of  the  coil  152, 
the  capacitor  153  and  the  variable  capacitor  155  at 

5  the  stationary  state  in  which  the  switch  151  is 
open,  and  a  second  tuning  circuit  consists  of  the 
switch  151,  the  coil  152,  the  capacitors  153  and 
154  and  the  variable  capacitor  155  at  the  state  in 
which  the  pointer  is  pressed  on  to  the  position 

io  detecting  area  thereby  the  switch  is  closed.  (The 
above-mentioned  "stationary  state"  includes  "the 
state  of  not  operating".) 

Fig.  3  shows  one  embodiment  of  the  digitizer 
using  the  above-mentioned  input  pen  10.  This  is 

is  constituted  mainly  by  a  position  detecting  section 
20,  a  selection  circuit  30,  a  receiving  circuit  40,  a 
selection  circuit  50,  a  connection  switching  circuit 
60  and  a  processing  device  70. 

The  position  detecting  section  20  includes  a 
20  plurality  of  parallel  conductors  which  are  arrayed  in 

a  side-by-side  fashion  in  the  direction  of  position 
detection.  In  the  illustrated  embodiment,  48  loop 
coils  21-1  to  21-48  are  arrayed  in  the  direction  of 
position  detection  shown  by  an  arrow  a.  More  spe- 

25  cifically,  these  loop  coils  21-1  to  21-48  are  ar- 
ranged  in  parallel  in  such  a  manner  as  to  partially 
overlap  the  adjacent  loop  coils.  Although  in  the 
illustrated  embodiment  each  loop  coil  has  a  single 
turn,  this  is  not  exclusive  and  each  loop  coil  may 

30  have  two  or  more  turns. 
These  loop  coils  may  be  formed  by  forming  a 

plurality  of  parallel  conductors  by,  for  example, 
etching  on  a  known  spring  substrate  and  then 
suitably  connecting  these  conductors  by  jumper 

35  lines  such  as  to  form  the  plurality  of  loop  coil, 
thereby  forming  the  position  detecting  section  20. 

The  selection  circuit  30  has  a  function  for  suc- 
cessively  selecting  one  from  among  the  plurality  of 
loop  coils  21-1  to  21-48.  The  loop  coils  21-1  to  21- 

40  48  have  one  ends  connected  to  a  first  group  of 
terminals  31  and  the  other  ends  connected  to  the 
other  group  of  terminals  32.  The  selecting  circuit 
30  has  a  selection  contact  33  for  selecting  one  of 
the  terminals  31  of  the  first  group  and  a  selection 

45  contact  34  for  selecting  one  from  the  second  group 
of  terminals  32.  The  selection  contacts  33  and  34 
are  operatively  connected  to  each  other  so  that 
they  selects  both  ends  of  the  same  loop  coil, 
thereby  enabling  the  successive  loop  coils  to  be 

50  selected  one  after  another. 
This  selection  circuit  30  can  simply  be  con- 

structed  by  combining  a  multiplicity  of  multiplexers 
which  are  known  per  se. 

The  connection  switching  circuit  40  is  adapted 
55  to  connect  the  loop  coil  selected  by  the  selection 

circuit  30  alternatingly  to  the  transmission  circuit  50 
and  the  receiving  circuit  60.  The  connection  switch- 
ing  circuit  40  has  selection  contacts  41  and  42  to 

3 
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which  are  connected  the  selection  contacts  33  and 
34  of  the  selection  circuit  30  mentioned  before. 
The  connection  switching  circuit  40  also  has  termi- 
nals  43  and  45  connected  to  two  output  terminals 
of  the  transmission  circuit  50  and  terminals  44  and 
46  connected  to  two  input  terminals  of  the  receiv- 
ing  circuit  60.  The  selection  contact  41  adapted  to 
select  one  of  the  terminals  43  and  44  and  the 
selection  contact  42  adapted  to  select  one  of  the 
terminals  45  and  46  are  operatively  connected  to 
each  other  so  that  they  are  switched  simultaneous- 
ly  to  connect  the  selected  loop  coil  either  to  the 
transmission  circuit  50  or  to  the  receiving  circuit  60 
in  accordance  with  a  later-mentioned  transmis- 
sion/receiving  signal. 

The  connection  switching  circuit  40  also  can  be 
constructed  by  know  multiplexers. 

Fig.  4  shows  the  detail  of  the  transmission 
circuit  50  and  the  receiving  circuit  60.  The  trans- 
mission  circuit  50  is  constituted  mainly  by  an  os- 
cillator  51,  a  frequency  divider  52,  NAND  gates  3, 
54,  an  EXCLUSIVE  OR  (EXOR)  gate  55  and  a 
driving  circuit  56.  On  the  other  hand,  the  receiving 
circuit  60  is  mainly  constituted  by  an  amplifier  61  , 
phase  detectors  62,  63,  and  low-pass  filters  (LPF) 
64,  65. 

The  processing  device  70  controls  the  switch- 
ing  between  the  successive  loop  coils  in  accor- 
dance  with  a  later-mentioned  transmission/receiving 
switching  signal  and  the  output  of  the  receiving 
circuit  60. 

The  operation  of  this  embodiment  will  be  de- 
scribed  hereinunder.  The  description  will  be  com- 
menced  first  in  regard  to  the  exchanges  of  elec- 
tromagnetic  waves  between  the  position  detecting 
section  20  and  the  input  pen  10,  as  well  as  signals 
obtained  as  a  result  of  the  exchange  of  the  elec- 
tromagnetic  waves,  with  specific  reference  to  Fig. 
5. 

Clock  pulses  of  a  predetermined  frequency, 
e.g.,  4  MHz  produced  by  the  oscillator  51  are 
demultiplied  by  the  frequency  divider  52  into  sig- 
nals  of  1/4,  1/8  and  1/256  frequencies.  A  pulse 
signal  A  of  500  KHz,  obtained  by  demultiplication 
into  1/8  frequency,  is  input  to  one  of  the  input 
terminals  of  the  NAND  gate  53,  while  the  other 
input  terminal  of  the  NAND  gate  53  receives  a 
transmission/receiving  switching  signal  B  of  15.625 
KHz  obtained  by  demultiplication  into  1/256  fre- 
quency.  The  output  of  the  NAND  gate  53  is  in- 
verted  through  the  NAND  gate  54  so  that  a  signal 
C,  which  outputs  a  pulse  signal  of  500  KHz  at  an 
interval  of  32  usee,  is  obtained. 

The  signal  C  is  converted  into  a  balance  signal 
by  means  of  the  driving  circuit  56  and  is  delivered 
to  one  21  -i  of  a  plurality  of  loop  coils  constituting 
the  position  detection  section  26  through  the  con- 
nection  switching  circuit  40  and  the  selection  circuit 

30,  so  that  the  loop  coil  21  -i  generates  an  elec- 
tromagnetic  wave  corresponding  to  the  signal  C 
mentioned  before. 

If  the  input  pen  10  has  been  held  in  the  vicinity 
5  of  the  loop  coil  21  -i  of  the  position  detecting  sec- 

tion  20  substantially  perpendicularly  to  the  position 
detecting  section  20,  the  electromagnetic  wave 
generated  by  the  loop  coil  21  -i  excites  the  coil  152 
of  the  input  pen  10,  so  that  a  voltage  D  is  induced 

io  in  the  tuning  circuit  15  in  synchronism  with  the 
signal  C. 

The  receiving  period  begins  when  the  duration 
of  the  signal  C  expires.  As  the  receiving  period 
starts,  the  loop  coil  21  -i  is  connected  to  the  receiv- 

15  ing  circuit  60  so  that  the  electromagnetic  wave 
from  the  loop  coil  21  -i  extinguishes  without  delay. 
However,  since  no  change  is  caused  in  the  circuit 
elements  of  the  tuning  circuit  15  of  the  input  pen 
10,  the  induced  voltage  is  progressively  attenuated. 

20  The  voltage  D  induced  in  the  tuning  circuit  15 
generates  an  electric  current  which  flows  through 
the  coil  152.  In  consequence,  the  coil  152  gen- 
erates  an  electromagnetic  wave  which  acts  to  ex- 
cite  the  loop  coil  21  -i  which  is  connected  to  the 

25  receiving  circuit  60,  so  that  a  voltage  E  is  induced 
in  the  loop  coil  21  -i. 

The  connection  switching  circuit  40  is  switched 
by  the  transmission/receiving  switching  signal  B  so 
that  it  picks  up  the  signal  from  the  loop  coil  21  -i 

30  only  during  suspension  of  transmission  of  the  sig- 
nal  from  the  loop  coil  21  -i.  Thus,  the  connection 
switching  circuit  40  delivers  the  signal  voltage  E 
induced  in  the  loop  coil  21  -i  to  the  amplifier  61. 
The  amplified  signal  F  derived  from  the  amplifier 

35  61  is  delivered  to  the  phase  detectors  62  and  63. 
The  phase  detector  62  also  receives  the  pulse 

signal  A  mentioned  before  as  a  phase  detecting 
signal.  If  the  phase  of  the  received  signal  F  co- 
incides  with  the  phase  of  the  pulse  signal  A,  the 

40  phase  detector  62  produces  a  signal  G  which  is 
formed  by  inverting  the  received  signal  F  to  the 
positive  or  plus  side.  The  signal  G  is  converted,  by 
the  low-pass  filter  64  having  a  sufficiently  low  cut- 
off  frequency,  into  a  flat  signal  H  having  a  voltage 

45  level  of  VH  and  the  thus  obtained  signal  H  is 
delivered  to  the  processing  device  70. 

The  phase  detector  63  also  receives,  as  the 
detecting  signal,  a  pulse  signal  A'  (not  shown) 
which  is  formed  by  the  EXOR  circuit  55  as  Exclu- 

50  sive  OR  of  the  pulse  signal  A  and  a  pulse  signal 
which  has  a  frequency  twice  as  high  the  frequency 
of  the  pulse  signal  A.  Thus,  the  detecting  signal  A' 
has  the  same  frequency  as  the  pulse  signal  A  and 
a  phase  which  is  90°  behind  the  phase  of  the 

55  pulse  signal  A.  If  the  phase  of  the  received  signal  F 
coincides  with  the  phase  of  the  pulse  signal  A',  the 
phase  detector  63  produces  a  signal  I  which  is 
obtained  by  inverting  the  received  signal  F  to  the 

4 
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negative  or  minus  side.  The  signal  I  is  input  to  the 
low-pass  filter  65  having  a  sufficiently  low  cut-off 
frequency  so  that  it  is  converted  into  a  flat  signal  J 
of  a  voltage  level  -Vj.  The  thus  obtained  signal  I  is 
delivered  to  the  processing  device  70. 

If  the  switch  151  has  been  turned  off  in  the 
input  pen  10,  the  phases  of  the  voltage  and  the 
current  in  the  tuning  circuit  at  the  resonance  fre- 
quency  coincide  with  each  other  as  explained  be- 
fore.  In  consequence,  the  phase  of  the  received 
signal  F  and  the  phase  of  the  pulse  signal  A 
coincides  with  each  other.  In  this  state,  the  voltage 
appears  only  in  the  signal  H  but  no  voltage  ap- 
pears  in  the  signal  J. 

Conversely,  if  the  switch  151  in  the  input  pen 
10  has  been  turned  on,  the  phase  of  the  electric 
current  in  the  tuning  circuit  15  is  delayed  by  a 
predetermined  angle  from  the  phase  of  the  voltage 
at  the  resonance  frequency,  as  explained  before. 
Consequently,  the  phase  of  the  received  signal  F  is 
delayed  by  a  predetermined  angle  from  the  phase 
of  the  pulse  signal  A.  In  this  case,  therefore,  vol- 
tages  appear  both  in  the  signals  H  and  J.  It  will  be 
understood,  however,  the  voltage  appears  only  in 
the  signal  J  if  the  delay  of  the  phase  is  90  °  . 

The  signals  H  and  J  delivered  to  the  process- 
ing  device  70  are  converted  into  corresponding 
digital  signals  and  are  subjected  to  arithmetic  op- 
eration  in  accordance  with  the  following  formulae 
(1)and  (2). 

Vx  =  (VH2  +  V/)1'2  (1) 

Ve  =  tan-1  (Vj/Vh)  (2) 

The  symbol  Vx  represents  a  voltage  value  which  is 
proportional  to  the  distance  between  the  input  pen 
10  and  the  loop  coil  21  -i,  while  Ve  represents  a 
voltage  value  which  is  proportional  to  the  phase 
difference  between  the  voltage  and  the  current  in 
the  tuning  circuit  15  of  the  input  pen  10. 

When  the  loop  coil  21  -i  which  exchanges  the 
electromagnetic  waves  with  the  input  pen  10  is 
switched  from  one  to  another,  the  level  of  the 
voltage  Vx  is  changed  so  that  the  position  of  the 
input  pen  10  can  be  detected  by  examining  the 
voltage  value  Vx  as  will  be  explained  later. 

On  the  other  hand,  the  voltage  value  Ve  varied 
only  in  response  to  the  turning  of  the  switch  151 
into  on  and  off  states.  It  is  thus  possible  to  distin- 
guish  the  states  of  the  switch  151  by  comparing 
the  voltage  value  Ve  with  a  predetermined  threshold 
voltage. 

A  description  will  be  made  hereinunder  as  to 
the  position  detecting  operation  performed  by  the 
apparatus  of  the  present  invention,  with  reference 
to  Figs.  6  to  8. 

The  position  detecting  operation  is  commenced 
as  the  power  supply  is  turned  on  to  supply  electric 
power  to  the  whole  apparatus.  The  processing  de- 
vice  70  then  delivers  to  the  selection  circuit  30  an 

5  instruction  for  enabling  the  selection  circuit  30  to 
select  the  first  loop  coil  21-1  from  among  the  loop 
coils  21-1  to  21-48  constituting  the  position  detect- 
ing  section  20,  thereby  connecting  the  loop  coil  21- 
1  to  the  connection  switching  circuit  40.  Then,  the 

io  connection  switching  circuit  40  connects  the  loop 
coil  21-1  alternatingly  to  the  transmission  circuit  50 
and  the  receiving  circuit  60  in  accordance  with  the 
transmission/receiving  switching  signal  B. 

In  the  transmission  period  of  32  usee,  the 
is  transmission  circuit  50  delivers  16  pieces  of  pulse 

of  500  KHz  to  the  loop  coil  21-1,  as  shown  in  Fig. 
6(a).  (In  Fig.  5,  8  pieces  of  pulse  are  shown  for  the 
sake  of  convenience  of  the  drawing.) 

The  switching  between  the  transmission  and 
20  receiving  is  repeated  seven  times  for  each  loop 

coil,  e.g.,  for  the  loop  coil  21-1,  as  shown  in  Fig.  6- 
(b).  the  total  period  of  seven  cycles  of  switching 
between  transmission  and  receiving  corresponds  to 
the  period  (448  usee)  over  which  each  coil  is 

25  selected. 
In  consequence,  the  phase  detectors  62  and 

63  of  the  receiving  circuit  60  produce  induced 
voltages  for  each  of  seven  signal  receiving  periods 
of  each  loop  coil.  The  induced  voltages  thus  ob- 

30  tained  are  averaged  by  the  low-pass  filters  64  and 
65  as  explained  before,  and  are  then  delivered  to 
the  processing  device  70.  These  two  types  of  in- 
duced  voltages  are  processed  by  the  processing 
device  70  in  accordance  with  the  formulae  men- 

35  tioned  before  so  as  to  be  converted  into  the  detec- 
tion  voltage  Vx1  corresponding  to  the  distance  be- 
tween  the  input  pen  10  and  the  loop  coil  21-1. 

Subsequently,  the  processing  device  70  deliv- 
ers  an  instruction  to  the  selection  circuit  30  for 

40  enabling  the  latter  to  select  the  second  loop  coil 
21-2  so  that  the  second  loop  coil  21-2  is  connected 
to  the  connection  switching  circuit  40.  Then,  a 
process  similar  to  that  explained  in  connection  with 
the  first  loop  coil  21-1  is  executed  so  that  a  detec- 

45  tion  voltage  Vx2  corresponding  to  the  distance  be- 
tween  the  input  pen  10  and  the  loop  coil  21-2  is 
determined  and  stored.  The  described  operation  is 
conducted  for  all  the  remaining  loop  coils  21-3  to 
21-48  by  successively  connecting  these  loop  coils 

50  21-3  to  21-48  to  the  connection  switching  circuit 
40,  whereby  the  respective  detection  voltages  Vx1 
to  Vx48  corresponding  to  the  distances  between  the 
input  pen  10  and  the  respective  loop  coils  are 
obtained  as  shown  in  Fig.  6(c).  It  is  to  be  noted, 

55  however,  that  Fig.  6(c)  shows  only  some  of  such 
detection  voltages. 

Actually,  the  detection  voltage  appears  only  in 
several  loop  coils  around  the  loop  coil  which  is 
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closest  to  the  position  (xp)  where  the  input  pen  10 
is  placed,  as  shown  in  Fig.  7. 

When  the  voltage  value  of  the  stored  detection 
voltage  is  above  the  predetermined  detection  level, 
the  processing  device  70  calculates  the  coordinate 
value  representing  the  position  of  the  input  pen  10 
by  these  voltage  values,  and  displays  it  or  trans- 
mits  it  to  the  memory  section. 

When  the  first  position  detecting  operation  is 
completed  in  the  manner  described  hereinbefore, 
the  processing  device  70  delivers  an  instruction  for 
enabling  the  selection  circuit  30  to  select  only  a 
predetermined  number  of  loop  coils,  e.g.,  10  loop 
coils,  around  the  loop  coil  which  has  produced  the 
maximum  detection  voltage.  The  position  detecting 
operation  is  then  conducted  on  these  selected  loop 
coils  and  the  coordinate  value  representing  the 
position  of  the  input  pen  10  is  determined  and 
delivered  to  the  memory  section  so  as  to  renew  the 
content  of  the  memory  section. 

Meanwhile,  the  processing  device  70  com- 
putes,  not  only  the  detection  voltages  Vx1  to  Vx48 
for  the  respective  but  also  the  detection  voltage  Ve 
corresponding  to  the  phase  difference  between  the 
voltage  and  the  current  in  the  tuning  circuit  15  of 
the  input  pen  10,  and  compares  the  thus  obtained 
detection  voltage  Ve  with  a  predetermined  thresh- 
old  voltage,  for  each  of  the  successive  loop  coils. 

The  processing  device  70  displays  the  coordi- 
nate  value  as  a  temporary  coordinate  value  when 
the  switch  151  is  turned  off,  for  example,  a  symbol 
(  +  )  is  displayed  at  the  appropriate  coordinate  posi- 
tion  in  the  display  device  without  the  graphical 
representation  function,  and  it  can  process  the  co- 
ordinate  value  as  the  coordinate  value  to  be  input 
when  the  switch  151  is  turned  on.  Consequently 
when  an  operator  performs  the  menu  input  opera- 
tion  and  the  manual  graphic  input  operation,  he  can 
execute  the  operation  while  making  sure  of  the 
position  of  the  input  pen  10,  thereby  providing 
more  accurate  operation. 

Fig.  8  shows  the  timings  in  the  second  and 
other  subsequent  cycles  of  detecting  operation  per- 
formed  by  the  processing  device  70.  Referring  to 
this  Figure,  the  period  "level  check"  is  a  period  in 
which  a  check  is  conducted  as  to  whether  the 
maximum  value  of  the  detection  voltage  reaches 
the  aforementioned  detection  level,  and  also  as  to 
whether  which  one  of  the  loop  coils  exhibits  the 
maximum  detection  voltage.  If  the  level  of  the 
maximum  detection  voltage  is  below  the  detection 
level,  the  control  device  70  stops  the  computation 
of  the  coordinate  values  and  determines  the  central 
one  of  a  plurality  of  loop  coils  which  are  to  be 
selected  in  the  next  cycle  of  the  detecting  opera- 
tion. 

A  preferred  method  of  determining  the  coordi- 
nate  value  xp  is  to  approximate,  by  a  suitable 

function,  the  waveform  of  a  curve  representing  the 
detection  voltages  Vx1  to  Vx48  in  a  region  around  a 
peak  of  the  curve  and  to  determine  the  coordinates 
value  of  the  peak  in  such  a  function. 

5  For  instance,  referring  to  Fig.  6(c),  the  maxi- 
mum  detection  voltage  Vx3  and  detection  voltages 
Vx2  and  Vx4  on  both  sides  of  the  maximum  detec- 
tion  voltage  can  be  approximated  by  a  quadratic 
function.  In  such  a  case,  the  coordinates  value  xp 

io  of  the  position  of  the  input  pen  10  can  be  deter- 
mined  as  follows.  The  coordinates  values  of  the 
centers  of  the  respective  loop  coils  21-1  to  21-48 
are  expressed  by  x1  to  x48  and  the  pitch  of  the 
array  of  the  loop  coils  is  expressed  by  Ax.  The 

is  following  formulae  are  derived  from  the  relation- 
ships  between  the  detection  voltages  and  the  co- 
ordinate  values  of  the  respective  loop  coils. 

VX2  =  a(x2  -  xp)2  +  b  (3) 
20 

VX3  =  a(x3  -  xp)2  +  b  (4) 

VX4  =  a(x4  -  xp)2  +  b  (5) 

25  where,  a  and  b  represent,  respectively  constants 
which  meet  the  condition  of  a  <  0. 
It  will  also  be  understood  that  the  following  relation- 
ships  exists. 

30  x3  -  x2  =  Ax  (6) 

x4  -  x2  =  2Ax  (7) 

The  formulae  (4)  and  (5)  therefore  can  be  reformed 
35  as  follows  on  condition  of  the  relationships  shown 

by  the  formulae  (6)  and  (7). 

xp  =  x2  +  Ax/2{(3VX2  -  4VX3  +  VX4)/(VX2  -  2VX3  + 
VX4)}  (8) 

40 
It  will  be  understood  that  the  coordinate  value 

xp  of  the  input  pen  10  can  be  determined  by 
extracting,  from  the  group  of  the  detection  voltages 
Vx1  to  Vx48,  the  maximum  value  of  the  detection 

45  voltage  as  determined  through  the  level  check  and 
the  voltage  values  obtained  immediately  before  and 
immediately  after  the  maximum  value  of  the  detec- 
tion  voltage,  and  conducting  a  computation  in  ac- 
cordance  with  the  formulae  (8)  by  using  these 

50  three  voltage  values  corresponding  to  the  voltages 
Vx2,  Vx3  and  Vx4  in  formula  (8)  and  the  coordinate 
of  the  loop  coil  which  has  been  checked  imme- 
diately  before  the  check  of  the  loop  coil  which 
exhibits  the  maximum  detection  voltage,  i.e.,  the 

55  coordinate  value  x2  in  the  formula  (8). 
The  number  of  the  loop  coils  employed  in  the 

described  embodiment,  as  well  as  the  manner  in 
which  the  loop  coils  are  arranged,  is  illustrative  and 

6 
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is  not  intended  for  restricting  the  scope  of  the 
invention. 

Fig.  9  shows  other  embodiment  using  the  input 
pen.  This  detects  the  coordinate  value  of  the  speci- 
fied  position  in  X-  and  Y-  directions.  In  the  figure,  5 
81  and  82  shows  the  X-  and  Y-  direction  position 
detecting  area,  83  and  84  shows  the  X-  and  Y- 
direction  selection  circuit,  85  and  86  shows  X-  and 
Y-  direction  connection  switching  circuit,  which 
have  constructions  basically  the  same  as  the  posi-  10 
tion  detecting  area  20,  selection  circuit  30  and  the 
connection  circuit  40  as  described  above  (The  de- 
tails  are  not  shown  in  Fig.  9.).  For  the  position 
detection  areas  81  ,  82,  each  coil  is  overlayed  such 
as  they  are  crossed  in  X-  and  Y-  direction  or-  is 
thogonally. 

87  shows  a  processing  device  which  is  the 
same  as  the  above-mentioned  device  70,  except 
that  it  controls  the  position  detection  operation 
such  that  the  position  detection  in  the  X-  direction  20 
and  the  position  detection  in  the  Y-  direction  are 
conducted  alternately.  The  timings  in  the  second 
and  subsequent  cycles  of  position  detecting  opera- 
tion  performed  by  the  processing  device  87  are 
shown  in  Fig.  10.  The  constructions  of  the  trans-  25 
mission  circuit  50  and  receiving  circuit  60  are  the 
same  as  the  above-mentioned  digitizer. 

The  digitizer  explained  so  far  is  the  most  desir- 
able  example  among  those  used  in  the  position 
pointer  according  to  the  present  invention,  and  the  30 
digitizer  is  not  restricted  to  this  kind.  For  example, 
it  is  acceptable  to  arrange  a  coil  for  generating  the 
electromagnetic  wave  separately  from  a  coil  for 
receiving  the  electromagnetic  wave,  and  in  this 
case,  it  is  also  acceptable  to  generate  the  elec-  35 
tromagnetic  wave  all  the  time. 

Claims 

1.  A  cordless  position  pointer  used  for  a  digitizer,  40 
wherein  the  digitizer  possesses  a  position  de- 
tecting  area  having  a  plurality  of  loop  coils 
arrayed  in  such  a  manner  as  being  overlapped 
each  other  for  producing  and  receiving  an 
electromagnetic  wave,  and  the  digitizer  pro-  45 
cesses  voltages  induced  in  some  of  the  loop 
coils  and  digitizes  a  position  pointed  by  the 
pointer  on  the  position  detecting  area  in  more 
minute  precision  than  a  layout  distance  of  said 
coils,  comprising:  so 

a  first  tuning  circuit  which  is  normally 
closed,  for  resonating  with  an  electromagnetic 
wave  transmitted  from  the  position  detecting 
area  when  the  position  pointer  approaches  to 
the  position  detecting  area;  and,  55 

a  second  tuning  circuit  which  is  formed 
when  the  position  pointer  touches  the  position 
detecting  area  by  an  operation,  for  resonating 

with  said  electromagnetic  wave  from  the  posi- 
tion  detecting  area; 

said  first  tuning  circuit  produces  a  first 
effective  electromagnetic  wave  caused  by  said 
resonation  on  the  basis  of  said  approaching, 
and  notifies  the  digitizer  of  a  position  where 
the  pointer  approaches  and  a  state  that  the 
pointer  approaches  to  the  detecting  area; 

said  second  tuning  circuit  produces  a  sec- 
ond  effective  electromagnetic  wave  caused  by 
said  resonation  on  the  basis  of  said  touching 
the  detecting  area,  and  notifies  the  digitizer  of 
the  position  where  the  pointer  touches  and  a 
state  that  the  pointer  touches  the  detecting 
area. 
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