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©  Coordinate  input  apparatus. 

©  Some  components  of  a  vibration  input  to  an 
input  guarantee  region  on  a  vibration  transmission 
plate  directly  reach  a  vibration  sensor,  but  some 

^   other  components  are  reflected  by  the  end  portion  of 
^   the  vibration  transmission  plate,  and  then  reach  the 
qq  vibration  sensor.  An  vibration  suppressor  is  attached 
^   to  a  peripheral  edge  of  the  vibration  transmission 
N  plate,  and  is  located  along  the  path  of  the  vibration 
1^  reflected  by  the  end  portion  of  the  vibration  trans- 
OS  mission  plate  to  the  vibration  sensor.  Since  the  vi- 
W  bration  sensor  is  attached  to  a  corner  portion  of  the 
©  vibration  transmission  plate  where  no  vibration  sup- 

pressor  is  attached,  a  decrease  in  coordinate  detec- 
Ijj  tion  precision  caused  by  reflected  waves  can  be 

suppressed,  and  a  compact  apparatus  can  be  re- 
alized. 
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BACKGROUND  OF  THE  INVENTION 

FIELD  OF  THE  INVENTION 

The  present  invention  relates  to  a  coordinate 
input  apparatus  for  detecting  input  position  coordi- 
nates  by  utilizing,  e.g.,  transmission  of  a  vibration 
generated  by  a  device  for  inputting  a  vibration. 

DESCRIPTION  OF  THE  PRIOR  ART 

Conventionally,  a  coordinate  input  apparatus,  in 
which  a  vibration  is  input  from  a  vibration  input  pen 
incorporating  a  piezoelectric  element  to  a  vibration 
transmission  plate,  and  the  position  coordinates  of 
the  input  pen  are  detected  by  a  plurality  of  sensors 
provided  to  the  transmission  plate,  is  known.  Figs. 
9  to  12  show  the  typical  arrangement  of  the  coordi- 
nate  input  apparatus. 

Fig.  9  shows  the  schematic  arrangement  of  the 
entire  coordinate  input  apparatus.  Referring  to  Fig. 
9,  the  coordinate  input  apparatus  comprises  a  vi- 
bration  input  pen  3,  a  vibration  transmission  plate 
8,  vibration  sensors  6a  to  6d,  vibration  suppressors 
7a  to  7d,  an  arithmetic  control  circuit  1,  a  vibration 
driving  circuit  2,  and  a  signal  detection  circuit  9. 
More  specifically,  the  arithmetic  control  circuit  1  for 
controlling  the  entire  apparatus,  and  calculating  a 
coordinate  position  supplies  a  pulse  signal  for  driv- 
ing  a  vibrator  4  incorporated  in  the  input  pen  3  to 
the  driving  circuit  2.  The  driving  circuit  2  amplifies 
the  pulse  signal  with  a  predetermined  gain,  and 
supplies  the  amplified  pulse  signal  to  the  vibrator  4. 
The  electrical  driving  signal  is  converted  into  a 
mechanical  vibration  by  the  vibrator  4,  and  is  input 
to  the  vibration  transmission  plate  8  via  the  pen  tip 
of  the  input  pen  3.  The  input  vibration  propagates 
through  the  vibration  transmission  plate  8,  and 
reaches  the  sensors  6a  to  6d.  The  sensors  6a  to 
6d  are  sensors  such  as  piezoelectric  elements  for 
converting  a  mechanical  vibration  into  an  electrical 
vibration.  The  sensors  6a  to  6d  detect  the  arrived 
vibration,  and  output  electrical  signals.  The  output 
electrical  signals  are  converted  into  signals  indicat- 
ing  the  arrival  timings  of  the  vibration  to  the  sen- 
sors  6a  to  6d  by  predetermined  waveform  detec- 
tion  processing  in  the  detection  circuit  9,  and  these 
converted  signals  are  output  to  the  arithmetic  con- 
trol  circuit  1  .  The  arithmetic  control  circuit  1  causes 
an  internal  timer  comprising  a  counter  to  measure 
time  intervals  from  supply  of  the  pulse  signal  to 
reception  of  the  vibration  arrival  timing  signals. 
Furthermore,  the  arithmetic  control  circuit  1  cal- 
culates  the  distances  between  the  input  pen  3  and 
the  sensors  6a  to  6d  on  the  basis  of  the  products 
of  the  measured  time  intervals  and  the  vibration 
propagating  speed,  and  calculates  the  position  co- 
ordinates  of  the  input  pen  3  based  on  the  cal- 

culated  distances  using  the  Pythagorean  theorem. 
Fig.  10  is  a  plan  view  for  explaining  the  ar- 

rangement  of  the  vibration  transmission  plate  8,  the 
sensors  6a  to  6d,  the  vibration  suppressors  7a  to 

5  7d,  and  the  like.  Referring  to  Fig.  10,  the  four 
stripe-shaped  vibration  suppressors  7a  to  7d,  which 
extend  parallel  to  the  four  sides  of  the  vibration 
transmission  plate  8,  and  are  separated  from  the 
four  sides  by  a  predetermined  distance  z,  are  ad- 

io  hered  to  the  rear  surface  of  the  input  surface  of  the 
vibration  transmission  plate  8,  which  is  subjected  to 
a  vibration  input  operation  of  the  vibration  input  pen 
3,  and  consists  of  a  substantially  rectangular  glass 
plate  or  the  like.  The  vibration  suppressors  7a  to  7d 

75  are  used  for  suppressing  reflection  of  a  vibration  by 
the  end  faces  of  the  vibration  transmission  plate, 
and  preventing  reverberation.  A  substantially  rec- 
tangular  input  guarantee  region  A  for  guaranteeing 
desired  precision  or  resolution  in  a  calculation  of 

20  position  coordinates  (to  be  described  later)  is  set  in 
a  region,  surrounded  by  the  vibration  suppressors 
7a  to  7d,  on  the  vibration  transmission  plate  8.  The 
four  vibration  sensors  6a  to  6d  are  arranged  on  the 
perpendiculars  at  midpoints  of  the  four  sides  of  the 

25  input  guarantee  region  A,  and  near  the  input  guar- 
antee  region  A  side  of  the  vibration  suppressors  7a 
to  7d,  and  on  the  side  of  the  adhesion  surface,  for 
the  vibration  suppressors  7a  to  7d,  of  the  vibration 
transmission  plate  8.  Conductive  portions  83a  to 

30  83d  allowing  electrical  connections  are  arranged  on 
the  surface  of  the  vibration  transmission  plate  8  by 
means  of,  e.g.,  printing,  and  the  sensors  6a  to  6d 
are  adhered  to  the  conductive  portions  83a  to  83d 
by  a  conductive  adhesive.  Each  of  the  sensors  6a 

35  to  6d  has  a  columnar  shape,  and  two  end  faces  of 
each  sensor  form  electrode  surfaces.  The  dis- 
tances  from  the  respective  sides  of  the  input  guar- 
antee  region  A  to  the  sensors  6a  to  6d,  the  dis- 
tances  from  the  respective  sides  of  the  region  A  to 

40  the  vibration  suppressors  7a  to  7d,  and  the  size  of 
the  vibration  transmission  plate  8  are  determined 
on  the  basis  of  distance  differences  between  paths 
of  direct  waves  which  are  input  from  the  input  pen 
3  to  the  sensors  along  the  shortest  routes,  and 

45  paths  of  reflected  waves  which  are  reflected  by  the 
end  face  of  the  vibration  transmission  plate  8  or  the 
end  faces  of  the  vibration  suppressors  7a  to  7d, 
and  then  reach  the  sensors,  the  size  of  the  input 
guarantee  region  A,  the  frequency  of  an  input  vi- 

50  bration,  the  reflectances  and  attenuation  constants 
of  the  vibration  suppressors  7a  to  7d,  the  widths  of 
the  vibration  suppressors  7a  to  7d,  the  thickness  of 
the  vibration  transmission  plate  8,  the  drive  con- 
dition  of  the  vibrator  4,  and  performance  such  as 

55  precision  or  resolution  in  calculation  of  position 
coordinates. 

Figs.  11A  and  1  1  B  show  the  details  of  the 
sensor  6a.  The  sensors  6b  to  6d  have  the  same 
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arrangement  as  that  of  the  sensor  6a.  Referring  to 
Figs.  11A  and  11B,  a  metal  connection  member 
106a  which  allows  an  electrical  connection  is 
pressed,  by  its  own  resiliency,  against  the  end  face 
of  the  sensor  6a  opposite  to  the  end  face  where  it 
is  adhered.  The  connection  member  106a  is  lo- 
cated  to  extend  across  the  vibration  suppressor  7a, 
and  is  pressed,  by  its  own  resiliency,  against  a 
portion  (pre-amplifier  circuit;  to  be  described  later) 
82a  of  the  signal  detection  circuit  located  on  the 
vibration  suppressor  7a.  Furthermore,  a  connection 
member  107a  which  consists  of  a  metal  plate,  and 
allows  electrical  connections  with  the  conductive 
portion  83a  and  the  portion  82a  of  the  detection 
circuit  is  arranged.  The  connection  member  107a  is 
urged,  by  its  own  resiliency,  against  the  conductive 
portion  83a  and  the  portion  82a  of  the  detection 
circuit  82a.  The  sensor  6a  and  the  detection  circuit 
portion  82a  are  electrically  connected  to  each  other 
via  the  conductive  portion  83a,  the  first  connection 
member  106a,  and  the  second  connection  member 
107a. 

However,  in  the  above-mentioned  prior  art,  in 
order  to  electrically  connect  the  conductive  por- 
tions  83a  to  83d  arranged  on  the  vibration  trans- 
mission  plate  8  to  the  detection  circuit  82a,  the 
second  connection  members  107a  to  107d  must  be 
arranged  near  the  end  faces  of  the  vibration  trans- 
mission  plate  8.  For  this  reason,  the  size  of  the 
vibration  transmission  plate  8  must  be  larger  than 
the  required  minimum  size,  which  is  determined  by 
the  above-mentioned  various  conditions,  so  that  the 
end  faces  of  the  vibration  transmission  plate  8 
coincide  with  the  outer  end  faces  of  the  vibration 
suppressors  7a  to  7d,  by  a  size  corresponding  to 
the  distance  z  for  arranging  the  connection  mem- 
bers  107a  to  107d. 

In  order  to  solve  the  above-mentioned  prob- 
lems,  the  vibration  transmission  plate  8  may  have 
projecting  portions  at  only  the  positions  of  the 
connection  members  107a  to  107d.  However,  if  the 
vibration  transmission  plate  8  has  a  substantially 
rectangular  outer  shape,  its  size  becomes  larger 
than  the  required  minimum  size,  or  the  vibration 
transmission  plate  8  must  have  a  special  shape, 
resulting  in  an  increase  in  cost. 

In  order  to  solve  the  above-described  problem, 
as  shown  in  Fig.  12,  the  vibration  suppressors  7a  to 
7d  may  be  recessed  at  portions  where  the  connec- 
tion  members  107a  to  107d  are  located,  and  the 
connection  members  107a  to  107d  may  be  ar- 
ranged  in  these  recessed  portions.  However,  this 
arrangement,  in  turn,  creates  new  problems.  For 
example,  performance  such  as  precision  or  resolu- 
tion  deteriorates  due  to  the  vibration  reflection  at 
these  recessed  portions.  In  addition,  the  vibration 
suppressors  7a  to  7d  have  complex  shapes,  result- 
ing  in  high  cost. 

Also,  in  order  to  solve  the  above-mentioned 
problems,  the  vibration  suppressors  7a  to  7d  may 
be  adhered  to  the  input  surface  side  of  the  vibra- 
tion  transmission  plate  8  opposite  to  the  surface 

5  where  the  sensors  6a  to  6d  are  arranged.  However, 
bulges  corresponding  to  the  thickness  of  the  vibra- 
tion  suppressors  7a  to  7d  are  undesirably  formed 
on  the  input  surface  side,  and  disturb  the  input 
operation  using  the  input  pen  while  an  operator 

io  places  his  or  her  hand  on  the  vibration  transmis- 
sion  plate  8. 

SUMMARY  OF  THE  INVENTION 

is  The  present  invention  has  been  made  in  con- 
sideration  of  the  prior  art,  and  has  as  its  object  to 
provide  a  compact,  inexpensive  coordinate  input 
apparatus  with  good  operability. 

It  is  another  object  of  the  present  invention  to 
20  provide  a  coordinate  input  apparatus  comprising: 

a  vibration  transmission  plate  provided  with  an 
input  guarantee  region  where  a  vibration  is  input 
from  a  vibration  source; 

detection  means  for  detecting  a  vibration  of  the 
25  vibration  transmission  plate; 

an  vibration  suppressor  which  is  arranged  on  a 
peripheral  portion  of  the  vibration  transmission 
plate  and  along  a  path  of  a  reflected  wave  of  the 
vibration  input  in  the  input  guarantee  region  to  the 

30  detection  means,  and  includes  a  gap  for  arranging 
the  detection  means;  and 

means  for  calculating  coordinates  of  a  position 
where  the  vibration  is  input  by  the  vibration  source 
on  the  basis  of  the  vibration  detected  by  the  detec- 

35  tion  means. 
Preferably,  the  vibration  transmission  plate  has 

a  substantially  rectangular  shape,  and  the  detection 
means  is  arranged  at  a  corner  portion  of  the  vibra- 
tion  transmission  plate  where  the  vibration  suppres- 

40  sor  has  a  gap. 
Preferably,  the  detection  means  is  arranged  at 

least  at  three  corner  portions  of  the  vibration  trans- 
mission  plate. 

It  is  still  another  object  of  the  present  invention 
45  to  provide  a  coordinate  input  apparatus  comprising: 

a  substantially  rectangular  vibration  transmis- 
sion  plate  provided  with  an  input  guarantee  region 
where  a  vibration  is  input  from  a  vibration  source; 

vibration  detection  means  arranged  at  least  at 
50  three  corner  portions  on  the  vibration  transmission 

plate; 
vibration  suppressors  which  are  arranged  on  a 

peripheral  portion  of  the  vibration  transmission 
plate  and  along  a  path  of  a  reflected  wave  of  the 

55  vibration  input  in  the  input  guarantee  region  to  the 
detection  means,  and  include  gaps  for  arranging 
the  vibration  detection  means;  and 

means  for  calculating  coordinates  of  a  position 

3 
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where  the  vibration  is  input  by  the  vibration  source 
on  the  basis  of  the  vibration  detected  by  the  vibra- 
tion  detection  means. 

With  the  above-mentioned  arrangement,  the 
coordinate  input  apparatus  according  to  the  present 
invention  can  reduce  a  space  for  arranging  the 
detection  means,  and  the  entire  apparatus  can  be 
rendered  compact.  Since  the  vibration  suppressor 
is  located  on  a  path  of  a  reflected  vibration,  which 
reaches  the  detection  means,  it  will  not  impair 
coordinate  precision.  Since  the  gap  for  arranging 
the  detection  means  is  present  at  a  corner  portion, 
no  special  process  is  required  for  working. 

It  is  still  another  object  of  the  present  invention 
to  provide  a  coordinate  input  apparatus  comprising: 

a  vibration  transmission  plate; 
conversion  means  for  detecting  a  vibration  on 

the  vibration  transmission  plate,  and  converting  the 
detected  vibration  into  an  electrical  signal; 

amplifier  means  for  amplifying  an  output  signal 
from  the  conversion  means; 

an  vibration  suppressor  arranged  on  a  periph- 
eral  portion  of  the  vibration  transmission  plate;  and 

fixing  means  for  electrically  connecting  the 
conversion  means  and  the  amplifier  means,  and 
fixing  the  amplifier  means  on  the  vibration  suppres- 
sor  at  the  same  time. 

Preferably,  the  fixing  means  comprises  a  con- 
ductive  member  formed  with  opposing  pawl  por- 
tions,  connects  the  conversion  means  and  the  am- 
plifier  means,  and  clamps  the  amplifier  means  and 
the  vibration  transmission  plate  by  the  opposing 
pawl  portions. 

Preferably,  each  of  the  pawl  portions  of  the 
fixing  means  is  formed  in  a  symmetrical  pattern. 

It  is  still  another  object  of  the  present  invention 
to  provide  a  coordinate  input  apparatus  comprising: 

a  vibration  transmission  plate; 
conversion  means  for  detecting  a  vibration  on 

the  vibration  transmission  plate,  and  converting  the 
detected  vibration  into  an  electrical  signal; 

amplifier  means  for  amplifying  an  output  signal 
from  the  conversion  means; 

an  vibration  suppressor  arranged  on  a  periph- 
eral  portion  of  the  vibration  transmission  plate;  and 

connection  means,  formed  with  opposing  pawl 
portions  consisting  of  a  conductive  material,  for 
electrically  connecting  the  conversion  means  and 
the  amplifier  means  by  clamping  the  conversion 
means  and  the  amplifier  means  by  the  pawl  por- 
tions. 

With  the  above-mentioned  arrangement,  the 
conversion  means  and  the  amplifier  means  can  be 
easily  fixed  on  the  vibration  transmission  plate. 
Also,  since  the  fixing  member  has  the  pawl  portion 
having  a  symmetrical  shape,  it  can  be  commonly 
used  anywhere. 

It  is  still  another  object  of  the  present  invention 
to  provide  a  coordinate  input  apparatus  comprising: 

a  vibration  transmission  plate; 
generation  means  for  generating  a  vibration; 

5  intermediate  transmission  means,  pressed 
against  the  generation  means,  for  transmitting  the 
vibration; 

distal  end  transmission  means,  threadably  en- 
gaged  with  the  intermediate  transmission  means, 

io  for  transmitting  the  vibration  to  the  vibration  trans- 
mission  plate;  and 

means  for  detecting  the  vibration  transmitted 
from  the  distal  end  transmission  means,  and  cal- 
culating  coordinates  of  a  vibration  input  position. 

is  Preferably,  the  distal  end  transmission  means 
consists  of  a  resin,  and  the  intermediate  transmis- 
sion  means  consists  of  a  metal. 

Preferably,  the  generation  means  converts  an 
input  electric  power  into  a  mechanical  vibration, 

20  and  the  intermediate  transmission  means  also 
serves  as  a  conductive  portion  for  supplying  the 
electric  power  to  the  generation  means. 

It  is  still  another  object  of  the  present  invention 
to  provide  a  coordinate  input  apparatus  comprising: 

25  a  vibration  transmission  plate; 
generation  means  for  generating  a  vibration  by 

converting  an  electric  power  into  a  mechanical  vi- 
bration; 

metal  intermediate  transmission  means  which 
30  is  pressed  against  the  generation  means  to  trans- 

mit  the  vibration  and  the  electric  power; 
resin  distal  end  transmission  means,  threadab- 

ly  engaged  with  the  intermediate  transmission 
means,  for  transmitting  the  vibration  to  the  vibration 

35  transmission  plate;  and 
means  for  detecting  the  vibration  transmitted 

from  the  distal  end  transmission  means,  and  cal- 
culating  coordinates  of  a  vibration  input  position. 

With  the  above-mentioned  arrangement,  the 
40  distal  end  transmission  means  can  be  easily  ex- 

changed.  Since  the  intermediate  transmission 
means  consists  of  a  metal,  an  energy  loss  is  small. 
Also,  since  the  distal  end  transmission  means  con- 
sists  of  a  resin,  it  does  not  easily  wear  out.  For  this 

45  reason,  a  vibration  can  be  stably  input. 
Other  features  and  advantages  of  the  present 

invention  will  be  apparent  from  the  following  de- 
scription  taken  in  conjunction  with  the  accompany- 
ing  drawings,  in  which  like  reference  characters 

50  designate  the  same  or  similar  parts  throughout  the 
figures  thereof. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

55  The  accompanying  drawings,  which  are  incor- 
porated  in  and  constitute  a  part  of  the  specification, 
illustrate  embodiments  of  the  invention  and,  to- 
gether  with  the  description,  serve  to  explain  the 

4 
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principles  of  the  invention, 
Fig.  1  is  a  plan  view  for  explaining  the  arrange- 
ment  of  a  vibration  transmission  plate  and  the 
like  of  a  coordinate  input  apparatus  according  to 
the  first  embodiment  of  the  present  invention; 
Figs.  2A  and  2B  are  detailed  explanatory  views 
of  the  arrangement  of  the  vibration  transmission 
plate  and  the  like  of  the  coordinate  input  appara- 
tus  according  to  the  first  embodiment  of  the 
present  invention; 
Fig.  3  is  a  schematic  diagram  for  explaining  the 
coordinate  input  apparatus  according  to  the  first 
embodiment  of  the  present  invention; 
Fig.  4  is  a  diagram  showing  a  vibration  input 
pen  according  to  the  first  embodiment  of  the 
present  invention; 
Fig.  5  is  a  block  diagram  showing  an  arrange- 
ment  of  an  arithmetic  control  circuit  according  to 
the  first  embodiment  of  the  present  invention; 
Fig.  6  is  a  timing  chart  of  signal  processing 
according  to  the  first  embodiment  of  the  present 
invention; 
Fig.  7  is  a  block  diagram  showing  an  arrange- 
ment  of  a  signal  detection  circuit  according  to 
the  first  embodiment  of  the  present  invention; 
Fig.  8  is  an  explanatory  view  for  a  coordinate 
position  calculation  according  to  the  first  em- 
bodiment  of  the  present  invention; 
Fig.  9  is  a  schematic  diagram  for  explaining  an 
arrangement  of  a  vibration  transmission  plate 
and  the  like  of  a  conventional  coordinate  input 
apparatus; 
Fig.  10  is  a  plan  view  for  explaining  the  arrange- 
ment  of  the  vibration  transmission  plate  and  the 
like  of  the  conventional  coordinate  input  appara- 
tus; 
Figs.  11A  and  1  1  B  are  detailed  explanatory 
views  of  the  arrangement  of  the  vibration  trans- 
mission  plate  and  the  like  of  the  conventional 
coordinate  input  apparatus; 
Fig.  12  is  a  plan  view  for  explaining  another 
arrangement  of  the  vibration  transmission  plate 
and  the  like  of  the  conventional  coordinate  input 
apparatus; 
Fig.  13  is  a  diagram  for  explaining  an  arrange- 
ment  of  a  coordinate  input  apparatus  according 
to  the  second  embodiment  of  the  present  inven- 
tion; 
Fig.  14  is  a  sectional  view  for  explaining  an 
arrangement  around  a  vibration  sensor  of  the 
coordinate  input  device  of  the  second  embodi- 
ment; 
Fig.  15  is  a  perspective  view  for  explaining  the 
arrangement  around  the  vibration  sensor  of  the 
coordinate  input  device  of  the  second  embodi- 
ment; 
Fig.  16  is  a  perspective  view  showing  the  struc- 
ture  of  a  vibration  sensor  electrode  member  of 

the  coordinate  input  device  of  the  second  em- 
bodiment; 
Fig.  17  is  a  perspective  view  showing  the  struc- 
ture  of  the  vibration  sensor  electrode  member  of 

5  the  coordinate  input  device  of  the  second  em- 
bodiment; 
Fig.  18  is  a  perspective  view  showing  a  mount- 
ing  structure  of  the  vibration  sensor  electrode 
member  of  the  coordinate  input  device  of  the 

io  second  embodiment; 
Fig.  19  is  a  sectional  view  showing  a  structure  of 
a  vibration  input  pen  of  a  coordinate  input  de- 
vice  according  to  the  third  embodiment  of  the 
present  invention;  and 

is  Fig.  20  is  a  sectional  view  showing  a  structure  of 
a  vibration  input  pen  of  a  coordinate  input  de- 
vice  according  to  the  fourth  embodiment  of  the 
present  invention. 

20  DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

[FIRST  EMBODIMENT] 

25  Figs.  1  to  8  show  the  first  embodiment  of  a 
coordinate  input  apparatus  according  to  the  present 
invention. 

Fig.  3  shows  a  schematic  arrangement  of  the 
entire  coordinate  input  apparatus  of  the  present 

30  invention. 
Referring  to  Fig.  3,  the  coordinate  input  ap- 

paratus  comprises  a  vibration  input  pen  3,  a  vibra- 
tion  transmission  plate  8,  vibration  sensors  6a  to 
6c,  vibration  suppressors  7a  to  7d,  an  arithmetic 

35  control  circuit  1,  a  vibrator  driving  circuit  2,  and  a 
signal  detection  circuit  9.  More  specifically,  the 
arithmetic  control  circuit  1  for  controlling  the  entire 
apparatus,  and  calculating  a  coordinate  position 
supplies  a  pulse  signal  for  driving  a  vibrator  4 

40  incorporated  in  the  input  pen  3  to  the  driving  circuit 
2.  The  driving  circuit  2  amplifies  the  pulse  signal 
with  a  predetermined  gain,  and  supplies  the  am- 
plified  pulse  signal  to  the  vibrator  4.  The  electrical 
driving  signal  is  converted  into  a  mechanical  vibra- 

45  tion  by  the  vibrator  4,  and  is  input  to  the  vibration 
transmission  plate  8  via  the  pen  tip  of  the  input  pen 
3.  The  input  vibration  propagates  through  the  vibra- 
tion  transmission  plate  8,  and  reaches  the  sensors 
6a  to  6c.  The  sensors  6a  to  6c  are  sensors  such  as 

50  piezoelectric  elements  for  converting  a  mechanical 
vibration  into  an  electrical  vibration.  The  sensors  6a 
to  6c  detect  the  arrived  vibration,  and  output  elec- 
trical  signals.  The  output  electrical  signals  are  con- 
verted  into  signal  indicating  the  arrival  timings  of 

55  the  vibration  to  the  sensors  6a  to  6c  by  predeter- 
mined  waveform  detection  processing  in  the  detec- 
tion  circuit  9,  and  the  converted  signals  are  output 
to  the  arithmetic  control  circuit  1.  The  arithmetic 

5 
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control  circuit  1  causes  an  internal  timer  compris- 
ing  a  counter  to  measure  time  intervals  from  sup- 
ply  of  the  pulse  signal  to  reception  of  the  vibration 
arrival  timing  signals,  and  uses  the  measured  time 
intervals  as  vibration  propagation  times.  The  dis- 
tances  between  the  input  pen  3  and  the  sensors  6a 
to  6c  are  calculated  from  products  of  the  vibration 
propagation  times  and  the  vibration  propagation 
speed,  and  the  position  coordinates  of  the  input 
pen  3  are  calculated  on  the  basis  of  the  calculated 
distances  using  the  Pythagorean  theorem. 

The  vibration  frequency  of  the  vibrator  4  is 
selected  to  be  a  value  capable  of  generating  a 
Lamb  wave  in  the  vibration  transmission  plate  8 
consisting  of,  e.g.,  glass.  Upon  driving  of  the  vibra- 
tor,  a  mode  for  generating  a  vibration  in  a  direction 
perpendicular  to  the  vibration  transmission  plate  8 
in  Fig.  4  is  selected.  Also,  when  the  vibration 
frequency  of  the  vibrator  4  is  selected  to  be  a 
resonance  frequency  of  a  mass  including  a  pen  tip 
5  of  the  input  pen  3,  efficient  vibration  conversion 
is  assured.  An  elastic  wave  transmitted  to  the  vibra- 
tion  transmission  plate  8,  as  described  above,  is  a 
Lamb  wave,  and  is  not  easily  influenced  by 
scratches,  obstacles,  and  the  like  on  the  surface  of 
the  vibration  transmission  plate  as  compared  to  a 
surface  wave. 

Fig.  1  is  a  plan  view  for  explaining  the  arrange- 
ment  of  the  vibration  transmission  plate  8,  the 
sensors  6a  to  6c,  the  vibration  suppressors  7a  to 
7d,  and  the  like.  Referring  to  Fig.  1,  the  four  stripe- 
shaped  vibration  suppressors  7a  to  7d,  which  ex- 
tend  parallel  to  the  four  sides  of  the  vibration 
transmission  plate  8,  and  are  located  near  the  end 
faces  of  the  four  sides,  are  adhered  to  the  rear 
surface  of  the  input  surface  of  the  vibration  trans- 
mission  plate  8,  which  is  subjected  to  a  vibration 
input  operation  of  the  vibration  input  pen  3,  and 
consists  of  a  substantially  rectangular  glass  plate  or 
the  like.  The  vibration  suppressors  7a  to  7d  serve 
as  vibration  suppression  means  for  suppressing 
reflection  from  the  end  faces  of  the  vibration  trans- 
mission  plate  8,  and  preventing  reverberation.  A 
substantially  rectangular  input  guarantee  region  A 
for  guaranteeing  desired  precision  or  resolution  in  a 
calculation  of  position  coordinates  (to  be  described 
later)  is  set  in  a  region,  surrounded  by  the  vibration 
suppressors  7a  to  7d,  on  the  vibration  transmission 
plate  8.  The  length,  in  the  longitudinal  direction,  of 
each  of  the  vibration  suppressors  7a  to  7d  is  small- 
er  than  the  length  of  the  corresponding  side  of  the 
vibration  transmission  plate  8,  and  is  larger  than 
the  length  of  the  corresponding  side  of  the  input 
guarantee  region  A.  The  three  vibration  sensors  6a 
to  6c  are  arranged  outside  a  region  sandwiched  by 
two  pairs  of  substantially  parallel  lines  of  infinitely 
extended  lines  of  the  four  sides  of  the  input  guar- 
antee  region  A,  and  near  crossing  points  of  ex- 

tended  lines  of  the  end  faces,  on  the  side  of  the 
input  guarantee  region  A,  of  the  vibration  suppres- 
sors  7a  to  7d,  and  on  the  side  of  the  adhesion 
surface,  for  the  vibration  suppressors  7a  to  7d,  of 

5  the  vibration  transmission  plate  8.  Conductive  por- 
tions  83a  to  83c  which  allow  electrical  connections 
are  formed  on  the  surface  of  the  vibration  transmis- 
sion  plate  8  by  means  of,  e.g.,  printing,  and  the 
sensors  6a  to  6c  are  adhered  on  the  conductive 

io  portions  83a  to  83c  by  a  conductive  adhesive. 
Each  of  the  sensors  6a  to  6c  has  a  columnar 
shape,  and  two  end  faces  of  each  sensor  form 
electrode  surfaces. 

Figs.  2A  and  2B  show  the  details  of  the  sensor 
is  6a.  The  sensors  6b  and  6c  have  the  same  arrange- 

ment  as  that  of  the  sensor  6a.  Referring  to  Figs.  2A 
and  2B,  a  metal  connection  member  109a  which 
allows  an  electrical  connection  is  pressed,  by  its 
own  resiliency,  against  the  end  face  of  the  sensor 

20  6a  opposite  to  the  end  face  where  it  is  adhered. 
The  connection  member  109a  is  located  on  a  por- 
tion  of  the  vibration  transmission  plate  8  where  the 
vibration  suppressors  7a  and  7b  are  not  adhered, 
and  is  pressed,  by  its  own  resiliency,  against  a  pre- 

25  amplifier  circuit  51  (to  be  described  later)  which  is 
also  located  on  a  portion  of  the  vibration  transmis- 
sion  plate  8  where  the  vibration  suppressors  7a 
and  7b  are  not  adhered  and  is  a  portion  of  the 
signal  detection  circuit  9.  Furthermore,  a  connec- 

30  tion  member  108a,  which  consists  of  a  metal  plate, 
and  allows  electrical  connections  with  the  conduc- 
tive  portion  83a  and  the  pre-amplifier  circuit  51,  is 
arranged  on  a  portion  of  the  vibration  transmission 
plate  8,  where  the  vibration  suppressors  7a  and  7b 

35  are  not  adhered.  The  connection  member  108a  is 
pressed,  by  its  own  resiliency,  against  the  conduc- 
tive  portion  83a  and  the  pre-amplifier  circuit  51. 
The  sensor  6a  and  the  pre-amplifier  circuit  51  are 
electrically  connected  to  each  other  via  the  con- 

40  ductive  portion  83a  and  the  connection  members 
109a  and  108a.  The  sensors  6b  and  6c,  other  than 
the  sensor  6a,  have  the  same  arrangement  as 
described  above. 

In  the  above-mentioned  arrangement,  determi- 
45  nation  of  the  size  of  the  vibration  transmission  plate 

8  will  be  described  in  detail  later. 
The  arithmetic  control  circuit,  detection  and 

correction  of  the  vibration  propagation  time,  and 
calculation  of  position  coordinates  will  be  described 

50  in  detail  below. 

(Arithmetic  Control  Circuit) 

In  the  above-mentioned  arrangement,  the 
55  arithmetic  control  circuit  1  outputs  a  signal  for 

driving  the  vibrator  driving  circuit  2  and  the  vibrator 
4  in  the  vibration  input  pen  3  every  predetermined 
period  (e.g.,  every  5  ms),  and  causes  its  internal 

6 
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timer  (comprising  a  counter)  to  start  time  measure- 
ment.  A  vibration  generated  by  the  vibration  input 
pen  3  propagates  through  the  vibration  transmis- 
sion  plate  8,  and  reaches  the  vibration  sensors  6a 
to  6c  while  being  delayed  in  accordance  with  the 
distances  thereto. 

The  signal  detection  circuit  9  detects  signals 
from  the  vibration  sensors  6a  to  6c,  and  generates 
signals  indicating  the  vibration  arrival  timings  to  the 
vibration  sensors  by  waveform  detection  process- 
ing  (to  be  described  later).  The  arithmetic  control 
circuit  1  receives  the  signals  in  units  of  sensors, 
detects  the  vibration  arrival  times  to  the  sensors  6a 
to  6c,  and  calculates  the  coordinate  position  of  the 
vibration  input  pen  3.  The  arithmetic  control  circuit 
1  drives  a  display  driving  circuit  (not  shown)  on  the 
basis  of  the  calculated  position  information  of  the 
vibration  input  pen  3  to  control  a  display  operation 
on  a  display  (not  shown),  and  outputs  the  cal- 
culated  coordinate  position  to  an  external  device 
via  a  serial  or  parallel  communication. 

Fig.  5  is  a  block  diagram  showing  a  schematic 
arrangement  of  the  arithmetic  control  circuit  1  of 
this  embodiment.  The  constituting  elements  and 
operation  of  the  arithmetic  control  circuit  1  will  be 
described  below. 

Referring  to  Fig.  5,  a  microcomputer  31  con- 
trols  the  arithmetic  control  circuit  1,  and  the  entire 
coordinate  input  apparatus  of  this  embodiment.  The 
microcomputer  31  comprises  an  internal  counter,  a 
ROM  storing  an  operation  procedure,  a  RAM  used 
in,  e.g.,  a  calculation,  a  nonvolatile  memory  for 
storing,  e.g.,  constants,  and  the  like.  A  timer  33 
comprises,  e.g.,  a  counter,  and  counts  reference 
clocks  (not  shown).  When  a  start  signal  for  starting 
the  driving  operation  of  the  vibrator  4  in  the  vibra- 
tion  input  pen  3  is  input  to  the  vibrator  driving 
circuit  2,  the  timer  33  starts  time  measurement. 
Thus,  the  start  timing  of  time  measurement  can  be 
synchronized  with  a  vibration  detection  by  the  sen- 
sors,  and  the  delay  times  until  the  sensors  6a  to  6c 
detect  a  vibration  can  be  measured. 

Other  circuits  as  the  constituting  elements  of 
the  arithmetic  control  circuit  1  will  be  described  in 
turn. 

The  vibration  arrival  timing  signals  of  the  sen- 
sors  6a  to  6c  output  from  the  signal  detection 
circuit  9  are  input  to  latch  circuits  34a  to  34c  via  a 
detection  signal  input  port  35.  The  latch  circuits 
34a  to  34c  respectively  correspond  to  the  vibration 
sensors  6a  to  6c.  Upon  reception  of  the  timing 
signal  from  the  corresponding  sensors,  each  latch 
circuit  latches  the  time  measurement  value  of  the 
timer  33  at  that  time.  In  this  manner,  when  a 
discrimination  circuit  36  discriminates  that  all  the 
detection  signals  are  received,  it  outputs  a  signal 
indicating  this  to  the  microcomputer  31.  Upon  re- 
ception  of  the  signal  from  the  discrimination  circuit 

36,  the  microcomputer  31  reads  the  vibration  arri- 
val  times  to  the  vibration  sensors  from  the  latch 
circuits  34a  to  34c,  and  calculates  the  coordinate 
position  of  the  vibration  input  pen  3  on  the  vibration 

5  transmission  plate  8  by  executing  a  predetermined 
calculation.  When  the  microcomputer  31  outputs 
the  calculated  coordinate  position  information  to  a 
display  driving  circuit  (not  shown)  via  an  I/O  port 
37,  for  example,  a  dot  can  be  displayed  at  the 

io  corresponding  position  on  a  display  (not  shown). 
Alternatively,  when  the  microcomputer  31  outputs 
the  coordinate  position  information  to  an  interface 
circuit  via  the  I/O  port  37,  the  coordinate  value  can 
be  output  to  an  external  device. 

15 
(Detection  of  Vibration  Propagation  Time  (Figs.  6  & 
7)> 

The  principle  of  measuring  the  vibration  arrival 
20  times  to  the  vibration  sensors  6a  to  6c  will  be 

described  below. 
Fig.  6  is  a  timing  chart  for  explaining  a  detec- 

tion  waveform  input  to  the  signal  detection  circuit, 
and  measurement  processing  of  the  vibration  trans- 

25  mission  time  based  on  the  input  waveform.  Note 
that  the  following  description  will  be  made  about 
the  vibration  sensor  6a,  and  the  same  applies  to 
the  remaining  vibration  sensors  6b  and  6c.  Mea- 
surement  of  the  vibration  transmission  time  to  the 

30  vibration  sensor  6a  is  started  simultaneously  with 
the  output  timing  of  the  start  signal  to  the  vibrator 
driving  circuit  2,  as  has  been  described  above.  At 
this  time,  the  vibrator  driving  circuit  2  supplies  a 
driving  signal  41  to  the  vibrator  4.  A  vibration 

35  transmitted  from  the  vibration  input  pen  3  to  the 
vibration  transmission  plate  8  in  response  to  this 
signal  41  propagates  for  a  time  tg  according  to  the 
distance  to  the  vibration  sensor  6a,  and  thereafter, 
is  detected  by  the  vibration  sensor  6a. 

40  A  waveform  42  shown  in  Fig.  6  corresponds  to 
a  signal  waveform  detected  by  the  vibration  sensor 
6a.  Since  the  vibration  used  in  this  embodiment  is 
a  Lamb  wave,  the  relationship  between  an  en- 
velope  421  and  a  phase  422  of  the  detection 

45  waveform  changes  in  correspondence  with  the 
propagation  distance  in  the  vibration  transmission 
plate  8.  Assume  that  the  propagation  velocity,  i.e., 
the  group  velocity  of  the  envelope  421  is  repre- 
sented  by  Vg,  and  the  phase  velocity  of  the  phase 

50  422  is  represented  by  Vp.  The  distance  between 
the  vibration  input  pen  3  and  the  vibration  sensor 
6a  can  be  detected  based  on  the  group  velocity  Vg 
and  the  phase  velocity  Vp. 

Paying  attention  to  the  envelope  421  alone,  its 
55  velocity  is  Vg,  and  when  a  peak  is  detected  at  a 

certain  point  (e.g.,  an  inflection  point)  on  a  specific 
waveform  or  as  in  a  signal  indicated  by  a  waveform 
43,  the  distance  between  the  vibration  input  pen  3 

7 
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and  the  vibration  sensor  6a  is  given  by: 

d  =  Vg-tg  (1) 

where  tg  is  the  vibration  transmission  time.  Al- 
though  this  equation  is  associated  with  the  vibration 
sensor  6a  alone,  the  distance  between  each  of  the 
remaining  two  vibration  sensors  6b  and  6c  and  the 
vibration  input  pen  3  can  be  expressed  by  the 
same  equation. 

Furthermore,  in  order  to  determine  coordinates 
with  higher  precision,  processing  based  on  detec- 
tion  of  a  phase  signal  is  executed.  If  a  time  interval 
from  a  specific  detection  point  (e.g.,  a  vibration 
application  point)  of  the  phase  waveform  signal  422 
to  a  zero-crossing  point  after  a  predetermined  sig- 
nal  level  46  is  represented  by  tp  45  (obtained  by 
generating  a  window  signal  44  having  a  predeter- 
mined  width  in  a  signal  47,  and  comparing  it  with 
the  phase  signal  422),  the  distance  between  the 
vibration  sensor  6a  and  the  vibration  input  pen  3  is 
given  by: 

d  =  n«Xp  +  Vp t̂p  (2) 

where  Xp  is  the  wavelength  of  the  elastic  wave,  and 
n  is  an  integer. 

From  equations  (1)  and  (2)  above,  the  integer  n 
is  expressed  by: 

n  =  int[(Vg«tg  -  Vp«tp)/Xp  +  1/N]  (3) 

where  N  is  a  real  number  other  than  0,  and  as- 
sumes  a  proper  value.  For  example,  if  N  =  2,  n 
can  be  determined  even  if  tg  or  the  like  varies 
within  a  range  of  ±1/2  wavelength.  When  n  deter- 
mined  as  described  above  is  substituted  in  equa- 
tion  (2),  the  distance  between  the  vibration  input 
pen  3  and  the  vibration  sensor  6a  can  be  mea- 
sured  with  high  precision.  The  signals  43  and  45 
used  in  measurement  of  the  above-mentioned  two 
vibration  transmission  times  tg  and  tp  are  gen- 
erated  by  the  signal  detection  circuit  9.  The  signal 
detection  circuit  9  has  an  arrangement,  as  shown  in 
Fig.  7. 

Fig.  7  is  a  block  diagram  showing  an  arrange- 
ment  of  the  signal  detection  circuit  9  of  this  em- 
bodiment.  Referring  to  Fig.  7,  the  output  signal 
from  the  vibration  sensor  6a  is  amplified  to  a  pre- 
determined  level  by  the  pre-amplifier  circuit  51. 
The  amplified  signal  is  supplied  to  a  band-pass 
filter  511  to  remove  unnecessary  frequency  com- 
ponents  of  the  detection  signal.  The  signal  is  then 
input  to  an  envelope  detection  circuit  52  compris- 
ing,  e.g.,  an  absolute  value  circuit,  a  low-pass  filter, 
and  the  like,  and  the  envelope  alone  of  the  detec- 
tion  signal  is  extracted  from  the  input  signal.  The 
timing  of  an  envelope  peak  is  detected  by  an 

envelope  peak  detection  circuit  53.  The  output  sig- 
nal  from  the  peak  detection  circuit  is  input  to  a  tg 
signal  detection  circuit  54  comprising,  e.g.,  a  mon- 
ostable  multivibrator,  and  a  signal  tg  (a  signal  43  in 

5  Fig.  5)  as  an  envelope  delay  time  detection  signal 
having  a  predetermined  waveform  is  formed  by  the 
circuit  54.  The  signal  tg  is  then  input  to  the 
arithmetic  control  circuit  1  . 

On  the  other  hand,  a  signal  detection  circuit  55 
io  forms  a  pulse  signal  47  corresponding  to  a  portion, 

exceeding  a  threshold  signal  46  having  a  predeter- 
mined  level,  in  the  envelope  signal  421  detected 
by  the  envelope  detection  circuit  52.  A  monostable 
multivibrator  56  enables  the  gate  signal  44  having  a 

is  predetermined  time  width,  which  signal  is  triggered 
by  the  first  leading  edge  of  the  pulse  signal  47.  A 
tp  comparator  57  detects  the  zero-crossing  point  of 
the  first  leading  edge  of  the  phase  signal  422  while 
the  gate  signal  44  is  enabled,  and  supplies  the 

20  phase  delay  time  signal  tp  45  to  the  arithmetic 
control  circuit  1  .  The  above-mentioned  circuits  cor- 
respond  to  the  vibration  sensor  6a,  and  the  same 
circuits  are  provided  to  other  vibration  sensors. 

25  (Correction  of  Delay  Time) 

Strictly  speaking,  the  vibration  transmission 
time  latched  by  each  latch  circuit  includes  a  propa- 
gation  time  of  a  sonic  wave  in  the  pen  tip  of  the 

30  input  pen  3,  and  a  time  required  for  processing  the 
signals  output  from  the  sensors  6a  to  6c  by  the 
above-mentioned  circuit.  Thus,  these  delay  times 
other  than  the  propagation  time  of  the  wave  on  the 
vibration  transmission  plate  8  are  defined  as  an 

35  intrinsic  delay  time  et.  In  addition,  a  difference 
between  a  group  delay  time  and  a  phase  delay 
time  at  a  reference  point  is  defined  as  a  phase 
offset  time  toff.  The  same  amount  of  an  error 
caused  by  these  delay  times  is  always  included  in 

40  vibration  transmission  from  the  vibration  input  pen 
3  to  the  vibration  sensors  6a  to  6c  via  the  vibration 
transmission  plate  8.  Thus,  when  the  position  of  the 
origin  0  in  Fig.  8  is  defined  as  the  above-men- 
tioned  reference  point,  and  the  distance  to  the 

45  vibration  sensor  6a  is  represented  by  R1  (  =  X/2),  if 
the  input  operation  is  performed  by  the  vibration 
input  pen  3  at  the  origin  0,  the  actually  measured 
vibration  transmission  times  from  the  origin  0  to 
the  sensor  6a  are  represented  by  tgz'  and  tpz',  and 

50  the  true  transmission  time  from  the  origin  0  to  the 
sensor  are  represented  by  tgz  and  tpz,  these  times 
satisfy  the  following  relationships  in  association 
with  the  intrinsic  delay  time  et  and  the  phase  offset 
toff: 

55 
tgz'  =  tgz  +  et  (4) 

tpz'  =  tpz  +  et  +  toff  (5) 

8 
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On  the  other  hand,  actually  measured  values 
tg'  and  tp'  at  an  arbitrary  input  point  P  are  similarly 
given  by: 

tg'  =  tg  +  et  (6) 

tp'  =  tp  +  et  +  toff  (7) 

When  differences  between  equations  (4)  and  (6), 
and  between  equations  (5)  and  (6)  are  calculated, 
we  have: 

tg'-tgz'  =  (tg  +  et)-(tgz  +  et)  =  tg-tgz  (8) 

tp'-tpz'  =  (tp  +  et  +  toff)-(tpz  +  et  +  toff)  =  tp- 
tpz  (9) 

Therefore,  the  intrinsic  delay  time  et  and  the  phase 
offset  toff  included  in  these  transmission  times  are 
removed,  and  a  difference  between  the  true  trans- 
mission  delay  times  according  to  the  distance  hav- 
ing  the  position  of  the  sensor  6a  as  the  start  point 
between  the  position  of  the  origin  0  and  an  input 
point  P  can  be  obtained.  When  equations  (2)  and 
(3)  are  used,  the  distance  difference  can  be  cal- 
culated.  Since  the  distance  from  the  sensor  6a  to 
the  origin  0  is  pre-stored  in,  e.g.,  the  nonvolatile 
memory,  and  is  already  known,  the  distance  be- 
tween  the  vibration  input  pen  3  and  the  vibration 
sensor  6a  can  be  determined.  The  same  applies  to 
other  sensors  6b  and  6c.  The  actually  measured 
values  tgz'  and  tpz'  at  the  origin  0  are  pre-stored 
in  the  nonvolatile  memory,  and  equations  (8)  and 
(9)  are  executed  before  calculations  of  equations 
(2)  and  (3),  thus  achieving  measurement  with  high 
precision. 

(Calculation  of  Coordinate  Position  (Fig.  8)> 

The  principle  of  actual  coordinate  position  de- 
tection  on  the  vibration  transmission  plate  8  by  the 
vibration  input  pen  3  will  be  described  below. 

When  the  three  vibration  sensors  6a  to  6c  are 
arranged  at  positions  S1  to  S3  (Fig.  8)  near  the 
four  corner  portions  on  the  vibration  transmission 
plate  8,  linear  distances  da  to  dc  from  a  position  P 
of  the  vibration  input  pen  3  to  the  vibration  sensors 
6a  to  6c  can  be  calculated  on  the  basis  of  the 
above-mentioned  principle.  Furthermore,  the 
arithmetic  control  circuit  1  calculates  coordinates 
(x,  y)  of  the  position  P  of  the  vibration  input  pen  3 
on  the  basis  of  these  linear  distances  da  to  dc 
using  the  Pythagorean  theorem  as  follows: 

x  =  (da  +  dbMda  -  db)/2X  (10) 

y  =  (dc  +  daMdc  -  da)/2Y  (11) 

where  X  and  Y  are  respectively  the  distance  be- 
tween  the  vibration  sensors  6a  and  6b,  and  the 
distance  between  the  vibration  sensors  6c  and  6a. 

5  As  described  above,  the  position  coordinates  of 
the  vibration  input  pen  3  can  be  detected  in  real 
time. 

Determination  of  the  size  of  the  vibration  trans- 
mission  plate  8  according  to  the  present  invention 

io  will  be  described  below. 
In  detection  of  the  vibration  propagation  time, 

the  detection  waveform  is  preferably  a  direct  wave 
obtained  when  a  vibration  input  from  the  input  pen 
3  reaches  the  sensors  6a  to  6d  along  the  shortest 

is  route.  This  is  because  when  reflected  waves,  which 
are  reflected  by  the  end  face  of  the  vibration  trans- 
mission  plate  8  or  the  end  faces  of  the  vibration 
suppressors  7a  to  7d,  and  then  reach  the  sensors 
6a  to  6c,  interfere  with  the  detection  points  of  the 

20  detection  waveform,  the  waveform  is  deformed, 
and  the  vibration  transmission  times  tg  and  tp 
undesirably  include  an  error.  This  error  causes  an 
error  in  calculations  of  the  distances  between  the 
input  pen  3  and  the  sensors  6a  to  6c  using  equa- 

25  tion  (1)  or  equations  (2)  and  (3),  and  hence,  causes 
an  error  in  calculations  of  the  position  coordinates 
of  the  input  pen  3  using  equations  (10)  and  (11).  In 
other  words,  this  error  impairs  performance  such 
as  precision  or  resolution.  For  this  reason,  the 

30  sensors  6a  to  6c  and  the  vibration  suppressors  7a 
to  7d  are  arranged  to  be  separated  from  the  input 
guarantee  region  A  by  a  predetermined  distance, 
so  that  reflected  waves  reach  the  sensors  6a  to  6c 
after  an  elapse  of  a  predetermined  delay  time,  i.e., 

35  the  paths  of  the  reflected  waves  become  longer  by 
a  predetermined  distance  by  the  path  of  the  direct 
wave.  However,  when  an  arrangement  for  allowing 
reflected  waves  to  reach  the  sensors  6a  to  6c  to  be 
sufficiently  delayed  from  the  direct  wave  is  adopt- 

40  ed,  the  distances  between  the  input  guarantee  re- 
gion  A  and  the  sensors  6a  to  6c,  and  the  vibration 
suppressors  7a  to  7d,  and  the  widths  of  the  vibra- 
tion  suppressors  increase,  and  the  size  of  the  vi- 
bration  transmission  plate  8  increases.  For  this 

45  reason,  the  size  of  the  vibration  transmission  plate 
8  is  determined  in  such  a  manner  that  the  sensors 
6a  to  6c,  and  the  vibration  suppressors  7a  to  7d 
are  arranged  with  respect  to  the  input  guarantee 
region  A  so  as  to  allow  interference  of  reflected 

50  waves  which  cause  an  error  in  the  vibration  arrival 
times  tg  and  tp  within  an  allowable  range  of  re- 
quired  performance  such  as  precision  or  resolution 
of  the  coordinate  input  device  of  the  present  inven- 
tion.  The  determination  is  made  by  experiments  or 

55  simulations  in  association  with  the  allowable  value 
of  performance  such  as  precision  or  resolution,  the 
size  of  the  input  guarantee  region  A,  the  path 
difference  between  direct  and  reflected  waves,  the 

9 
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attenuation  constant  of  a  vibration  upon  propaga- 
tion  in  the  vibration  transmission  plate  8,  the  at- 
tenuation  constant  of  a  vibration  upon  propagation 
in  the  adhered  portions  of  the  vibration  suppressors 
7a  to  7d,  the  widths  of  the  vibration  suppressors  7a 
to  7d,  the  reflectances  at  the  end  faces  of  the 
vibration  suppressors  7a  to  7d,  the  reflectances  at 
the  end  faces  of  the  vibration  transmission  plate  8, 
the  frequency  of  an  input  vibration,  the  thickness  of 
the  vibration  transmission  plate  8,  the  driving  con- 
dition  of  the  vibrator  4,  and  the  like.  The  experi- 
ments  or  simulations  are  made  near  the  four  sides 
of  the  input  guarantee  region  A  and  in  the  input 
guarantee  region  A  where  the  path  difference  be- 
tween  the  direct  and  reflected  waves  becomes 
small. 

The  lengths,  in  the  longitudinal  direction,  of  the 
vibration  suppressors  7a  to  7d  in  the  above  deter- 
mination  will  be  described  below.  As  described 
above,  the  length,  in  the  longitudinal  direction,  of 
each  of  the  vibration  suppressors  7a  to  7d  is  small- 
er  than  the  length  of  the  corresponding  side  of  the 
vibration  transmission  plate  8,  and  is  larger  than 
the  length  of  the  corresponding  side  of  the  input 
guarantee  region  A,  as  has  been  described  above. 
The  sensors  6a  to  6c  are  arranged  outside  a  region 
sandwiched  by  two  pairs  of  substantially  parallel 
lines  of  infinitely  extended  lines  of  the  four  sides  of 
the  input  guarantee  region  A,  and  near  crossing 
points  of  extended  lines  of  the  end  faces,  on  the 
side  of  the  input  guarantee  region  A,  of  the  vibra- 
tion  suppressors  7a  to  7d. 

In  the  above-mentioned  arrangement,  a  vibra- 
tion  input  from  an  arbitrary  position  on  the  input 
guarantee  region  A  is  reflected  by  the  end  face  of 
the  vibration  transmission  plate  8  corresponding  to 
the  vibration  suppressor  7a.  The  end  face,  in  the 
widthwise  direction  on  the  side  of  the  sensor  6a,  of 
the  vibration  suppressor  7a  is  located,  so  that  paths 
of  a  wave  reflected  by  the  end  face  of  the  vibration 
transmission  plate  8  to  the  sensors  6a  and  6c 
always  pass  the  vibration  suppressor  7a.  In  other 
words,  the  vibration  suppressor  7a  need  not  be 
present  at  the  side  closer  to  the  corner  portion  of 
the  vibration  transmission  plate  8  than  the  position 
of  the  end  face  of  the  vibration  suppressor  7a  in 
Fig.  1.  Also,  the  position  of  the  end  face  of  the 
vibration  suppressor  7a  is  calculated  by  a  simple 
mathematical  calculation  on  the  basis  of  the  re- 
flected  wave  of  a  vibration  input  at  a  corner  portion, 
on  the  side  of  the  vibration  suppressor  7b  and  far 
from  the  sensor  6a,  of  the  input  guarantee  region 
A.  At  this  time,  a  wave  which  is  reflected  twice  or 
more  can  be  ignored  since  the  phase  difference 
between  the  direct  and  reflected  waves  can  be 
sufficiently  large.  The  above  description  have  been 
made  above  the  end  face,  at  the  side  of  the  sensor 
6a,  of  the  vibration  suppressor  7a,  and  the  same 

applies  to  all  the  end  faces  of  the  vibration  sup- 
pressors  7a  to  7d.  More  specifically,  the  length,  in 
the  longitudinal  direction,  of  each  of  the  vibration 
suppressors  7a  to  7d  is  smaller  than  the  length  of 

5  the  corresponding  side  of  the  vibration  transmis- 
sion  plate  8,  and  is  larger  than  the  length  of  the 
corresponding  side  of  the  input  guarantee  region  A. 
Also,  the  sensors  6a  to  6c  are  arranged  outside  a 
region  sandwiched  by  two  pairs  of  substantially 

io  parallel  lines  of  infinitely  extended  lines  of  the  four 
sides  of  the  input  guarantee  region  A,  and  near 
crossing  points  of  extended  lines  of  the  end  faces, 
on  the  side  of  the  input  guarantee  region  A,  of  the 
vibration  suppressors  7a  to  7d.  In  this  manner,  one 

is  of  the  vibration  suppressors  7a  to  7d  is  always 
present  along  the  path  of  a  wave  which  is  reflected 
by  a  certain  end  face  of  the  vibration  transmission 
plate  8,  and  reaches  one  of  the  sensors  6a  to  6d. 
For  this  reason,  with  the  above-mentioned  arrange- 

20  ment,  since  the  lengths  of  the  vibration  suppres- 
sors  can  be  properly  set  upon  determination  of  the 
size  of  the  vibration  transmission  plate  8,  the  mini- 
mum  required  size  of  the  vibration  transmission 
plate  8  can  be  obtained  in  the  determination. 

25  In  this  embodiment,  the  vibration  transmission 
plate  8  consists  of  glass.  However,  the  present 
invention  is  not  limited  to  this,  and  any  other  ma- 
terials  may  be  used  as  long  as  they  can  transmit  a 
vibration. 

30  The  vibration  transmission  plate  8  has  substan- 
tially  the  rectangular  shape.  However,  the  corner 
portions  of  the  rectangle  may  be  chamfered  or 
processed  to  have  a  certain  radius  within  a  range 
wherein  a  required  path  difference  between  the 

35  direct  and  reflected  waves  is  assured. 
The  sensors  6a  to  6c  have  the  columnar 

shape.  However,  the  present  invention  is  not  limit- 
ed  to  this.  For  example,  the  sensors  may  have  any 
other  shapes  such  as  a  prism  shape,  a  cylindrical 

40  shape,  and  the  like  as  long  as  they  can  detect  a 
vibration. 

The  sensors  6a  to  6c  are  arranged  near  the 
crossing  points  of  the  end  faces,  in  the  longitudinal 
direction  on  the  side  of  the  input  guarantee  region, 

45  of  the  vibration  suppressors  7a  to  7d.  However,  the 
present  invention  is  not  limited  to  this.  The  sensors 
6a  to  6c  may  be  arranged  anywhere  as  long  as 
they  are  located  outside  a  region  sandwiched  by 
two  pairs  of  substantially  parallel  lines  of  infinitely 

50  extended  lines  of  the  four  sides  of  the  input  guar- 
antee  region,  and  near  the  extended  lines  of  the 
end  faces,  on  the  side  of  the  input  region  A,  of  the 
vibration  suppressors  7a  to  7d. 

The  sensors  6a  to  6c  are  adhered  to  the  vibra- 
55  tion  transmission  plate  8.  Alternatively,  the  sensors 

may  be  pressed  against  the  vibration  transmission 
plate  8. 

10 
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The  number  of  vibration  sensors  is  3.  However, 
the  present  invention  is  not  limited  to  this.  For 
example,  two  sensors,  or  four  or  more  sensors  may 
be  arranged  as  needed. 

In  the  above  description,  each  of  the  vibration 
suppressors  7a  to  7d  has  a  substantially  rectangu- 
lar  shape.  However,  the  present  invention  is  not 
limited  to  this.  For  example,  each  vibration  sup- 
pressor  may  have  any  shapes  such  as  a  shape 
having  a  three-dimensional  pattern  in  its  longitudi- 
nal  direction,  a  shape  having  a  gradient  in  its 
longitudinal  direction,  a  shape  having  a  gradient  in 
its  widthwise  direction,  or  the  like  as  long  as  it  can 
exhibit  a  predetermined  anti-vibration  effect. 

The  vibration  suppressors  7a  to  7d  are  adhered 
to  the  rear  surface  of  the  input  surface  of  the 
vibration  transmission  plate  8,  but  may  be  adhered 
to  the  input  surface  side,  as  needed.  In  this  case, 
the  anti-vibration  effect  is  enhanced. 

The  sensors  6a  to  6c  and  the  vibration  sup- 
pressors  7a  to  7d  are  arranged  on  the  rear  surface 
of  the  input  surface  of  the  vibration  transmission 
plate  8,  but  may  be  arranged  on  the  input  surface 
side.  Some  of  the  sensors  6a  to  6c  and  the  vibra- 
tion  suppressors  7a  to  7d  may  be  arranged  on  the 
input  surface  side,  as  needed.  In  this  case,  for 
example,  when  a  display  is  arranged  below  the 
vibration  transmission  plate  8,  the  degree  of  free- 
dom  of  the  arrangement  can  be  increased. 

The  conductive  portion  83a  (83b,  83c),  which  is 
one  of  electrical  connection  means  between  one 
electrode  of  the  sensor  6a  (6b,  6c)  and  the  signal 
detection  circuit  9  and  is  formed  by  printing  on  the 
vibration  transmission  plate  8,  is  not  limited  to  the 
above-mentioned  arrangement.  For  example,  the 
conductive  portions  83a  to  83c  may  be  planar 
members  which  are  fixed  onto  the  vibration  trans- 
mission  plate  8  by  adhesion  or  pressing.  Further- 
more,  the  metal  connection  member  108a  (108b, 
108c)  as  another  electrical  connection  means  be- 
tween  the  electrode  of  the  sensor  6a  (6b,  6c)  and 
the  signal  detection  circuit  9  is  not  limited  to  the 
arrangement  of  the  first  embodiment,  and  any  other 
electrical  connection  means  such  as  a  lead  wire 
may  be  employed  as  long  as  it  can  electrically 
connect  between  the  conductive  portion  83a  (83b, 
83c)  and  the  signal  detection  circuit  9. 

As  described  above,  the  size  of  the  vibration 
transmission  plate  is  determined  on  the  basis  of 
differences  between  paths  of  direct  waves  which 
are  input  from  the  input  pen  to  the  sensors  along 
the  shortest  routes,  and  paths  of  reflected  waves 
which  are  reflected  by  the  end  face  of  the  vibration 
transmission  plate  or  the  end  faces  of  the  vibration 
suppressors,  and  then  reach  the  sensors,  the  size 
of  the  input  guarantee  region  A,  the  frequency  of 
an  input  vibration,  the  reflectances  and  attenuation 
constants  of  the  vibration  suppressors,  the  widths 

of  the  vibration  suppressors,  the  thickness  of  the 
transmission  plate,  the  driving  condition  of  the  vi- 
brator,  performance  such  as  precision  or  resolution 
required  in  position  coordinate  calculations,  and  the 

5  like.  The  coordinate  input  apparatus  with  the  ar- 
rangement  of  this  embodiment  comprises  a  plural- 
ity  of  stripe-shaped  vibration  suppression  means 
which  are  arranged  on  a  vibration  transmission 
plate  near  the  four  end  faces  of  the  vibration  trans- 

io  mission  plate,  and  the  length,  in  the  longitudinal 
direction,  of  each  vibration  suppression  means  is 
set  to  be  smaller  than  the  length  of  the  correspond- 
ing  side  of  the  vibration  transmission  plate  and  to 
be  larger  than  the  length  of  the  corresponding  side 

is  of  the  input  guarantee  region.  For  this  reason,  the 
transmission  plate  can  have  a  required  minimum 
size,  and  a  low-cost,  high-performance  coordinate 
detection  apparatus  can  be  realized. 

Furthermore,  the  sensors  comprise  mechano- 
20  electrical  conversion  elements  arranged  on  the  sur- 

face  of  the  vibration  transmission  plate,  first  elec- 
trical  connection  means  are  arranged  on  the  sur- 
face  of  the  vibration  transmission  plate  as  one  of 
electrical  connection  means  between  the  elec- 

25  trades  of  the  sensors  and  the  arithmetic  means, 
and  second  electrical  connection  means  are  lo- 
cated  near  the  end  faces  of  the  vibration  transmis- 
sion  plate  and  on  regions  where  the  vibration  sup- 
pression  means  are  not  arranged,  so  that  a  portion 

30  of  the  arithmetic  means  (the  pre-amplifier  circuit  as 
a  portion  of  the  signal  detection  circuit)  can  be 
arranged  near  the  transmission  plate  surface  with- 
out  interfering  with  the  vibration  suppression 
means,  thus  realizing  a  low-profile  coordinate  de- 

35  tection  apparatus. 

[SECOND  EMBODIMENT] 

As  the  second  embodiment  of  the  present  in- 
40  vention,  a  coordinate  input  apparatus  will  be  de- 

scribed  below  as  in  the  first  embodiment. 
In  a  coordinate  input  apparatus  using  an  elastic 

wave,  as  described  in  the  first  embodiment,  an 
electrode  member  connected  to  each  sensor  elec- 

45  trade  is  fixed  by  a  member  such  as  a  screw, 
soldering,  or  the  like. 

However,  in  the  apparatus  with  this  arrange- 
ment,  since  the  electrode  member  connected  to 
the  sensor  electrode  is  fixed  by,  e.g.,  a  screw, 

50  soldering,  or  the  like,  as  shown  in  Fig.  14,  the 
arrangement  of  the  apparatus  becomes  large  in 
size,  the  number  of  processes  required  for  fixing 
the  electrode  member  is  undesirably  increased,  or 
an  extra  space  for  fixing  the  electrode  member  is 

55  required.  These  problems  raise  the  manufacturing 
cost  of  the  apparatus. 

Furthermore,  a  circuit  board  portion  on  which 
circuits  such  as  an  amplifier,  and  the  like  are 

11 
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arranged  are  fixed  to  a  member  different  from  the 
vibration  transmission  plate  as  the  coordinate  input 
surface.  For  this  member,  extra  processes  for  ar- 
ranging  the  circuit  board,  and  an  extra  space  for 
fixing  the  circuit  board  are  required,  resulting  in  a 
bulky  apparatus  and  an  increase  in  manufacturing 
cost. 

In  this  embodiment,  a  coordinate  input  appara- 
tus  which  can  solve  these  problems  will  be  de- 
scribed  below. 

(Structure  a  coordinate  input  apparatus) 

Fig.  13  and  Figs.  15  to  18  show  an  arrange- 
ment  of  a  coordinate  input  apparatus  according  to 
the  second  embodiment. 

Fig.  13  shows  the  structure  of  a  coordinate 
input  apparatus  according  to  this  embodiment.  Re- 
ferring  to  Fig.  13,  an  arithmetic  control  circuit  1 
controls  the  entire  apparatus,  and  calculates  a  co- 
ordinate  position.  A  vibrator  driving  circuit  2 
vibrates  the  pen  tip  of  a  vibration  pen  3.  A  vibration 
transmission  plate  8  consists  of  a  transparent 
member  such  as  an  acrylic  plate,  a  glass  plate,  or 
the  like.  A  coordinate  input  operation  using  the 
vibration  pen  3  is  achieved  by  touching  the  surface 
of  the  vibration  transmission  plate  8  with  the  pen  3. 
More  specifically,  when  a  position  in  an  input  guar- 
antee  region  A  indicated  by  a  solid  line  in  Fig.  13  is 
designated  by  the  vibration  pen  3,  a  vibration  gen- 
erated  by  the  vibration  pen  3  is  input  to  the  vibra- 
tion  transmission  plate  8,  and  the  position  coordi- 
nates  of  the  vibration  pen  3  can  be  calculated  by 
measuring  and  processing  the  input  vibration. 

In  order  to  prevent  (eliminate)  that  a  propagat- 
ing  wave  is  reflected  by  the  end  face  of  the  vibra- 
tion  transmission  plate  8,  and  returns  to  the  central 
portion  of  the  plate  8,  vibration  suppressors  7  are 
arranged  on  the  outer  periphery  of  the  vibration 
transmission  plate  8,  and  as  shown  in  Fig.  13, 
vibration  sensors  6a  to  6d  such  as  piezoelectric 
elements  for  converting  a  mechanical  vibration  into 
electrical  signals  are  mounted  near  the  inner  sides 
of  the  vibration  suppressors.  Pre-amplifier  circuit 
boards  82  are  arranged  on  the  peripheral  portions 
of  the  vibration  transmission  plate  8  near  the  vibra- 
tion  sensors  6a  to  6d.  The  arrangements  for  mount- 
ing  these  sensors  and  pre-amplifier  circuit  boards 
will  be  described  in  detail  later.  A  signal  detection 
circuit  9  outputs  vibration  detection  signals  from 
the  vibration  sensors  6a  to  6d  to  the  arithmetic 
control  circuit  1.  A  display  11  comprises,  e.g.,  a 
liquid  crystal  display,  can  perform  a  display  opera- 
tion  in  units  of  dots,  and  is  arranged  behind  the 
vibration  transmission  plate.  The  display  11  dis- 
plays  dots  at  positions  traced  by  the  vibration  pen 
3  when  it  is  driven  by  a  display  driving  circuit  10, 
and  a  user  observes  the  display  via  the  vibration 

transmission  plate  8  (consisting  of  a  transparent 
member). 

A  vibrator  4  incorporated  in  the  vibration  pen  3 
is  driven  by  the  vibrator  driving  circuit  2.  A  driving 

5  signal  for  the  vibrator  4  is  supplied  as  a  low-level 
pulse  signal  from  the  arithmetic  control  circuit  1, 
and  is  amplified  by  the  vibrator  driving  circuit  2 
with  a  predetermined  gain.  Thereafter,  the  am- 
plified  driving  signal  is  applied  to  the  vibrator  4. 

io  The  electrical  driving  signal  is  converted  into  a 
mechanical  vibration  by  the  vibrator  4,  and  is  trans- 
mitted  to  the  vibration  transmission  member  8  via  a 
pen  tip  5. 

The  vibration  frequency  of  the  vibrator  4  is 
is  selected  to  be  a  value  capable  of  generating  a 

Lamb  wave  in  the  vibration  transmission  plate  8 
consisting  of,  e.g.,  glass.  Upon  driving  of  the  vibra- 
tor,  a  mode  for  generating  a  vibration  in  a  direction 
perpendicular  to  the  vibration  transmission  plate  8 

20  in  Fig.  13  is  selected.  Also,  when  the  vibration 
frequency  of  the  vibrator  4  is  selected  to  be  a 
resonance  frequency  of  a  mass  including  the  pen 
tip  5  of  the  input  pen  3,  efficient  vibration  conver- 
sion  is  assured.  An  elastic  wave  transmitted  to  the 

25  vibration  transmission  plate  8,  as  described  above, 
is  a  Lamb  wave,  and  is  not  easily  influenced  by 
scratches,  obstacles,  and  the  like  on  the  surface  of 
the  vibration  transmission  plate  as  compared  to  a 
surface  wave. 

30  In  the  above-mentioned  arrangement,  the 
arithmetic  control  circuit  1  has  the  same  functions 
as  the  arrangement  described  in  the  first  embodi- 
ment,  and  the  signal  detection  circuit  9  also  has 
the  same  arrangement  as  that  in  the  first  embodi- 

35  ment. 
The  principle  for  measuring  the  vibration  arrival 

time  to  the  vibration  sensors  6a  to  6d,  and  the 
principle  for  calculating  the  coordinates  based  on 
the  vibration  transmission  time  are  the  same  those 

40  in  the  first  embodiment  although  the  number  of 
sensors  is  different  from  that  in  the  first  embodi- 
ment. 

(Mounting  of  Sensors  and  Pre-amplifier  Circuit 
45  Boards) 

Fig.  15  is  a  perspective  view  showing  the  de- 
tailed  arrangement  of  a  portion,  near  the  sensor,  of 
the  vibration  transmission  plate  (to  be  referred  to 

50  as  a  sensor  block  hereinafter),  which  block  is  con- 
stituted  by  the  vibration  transmission  plate  8,  the 
vibration  suppressor  7,  the  pre-amplifier  circuit 
board  82,  electrode  leaf  springs  81  and  84,  and  the 
sensor  6  (one  of  6a  to  6d).  An  electrode  821  for 

55  connecting  the  pre-amplifier  circuit  board  82  to  the 
sensor  6  is  arranged  on  the  pre-amplifier  circuit 
board  82.  The  vibration  suppressor  7  is  fixed  to  the 
vibration  transmission  plate  8  by  an  adhesion 

12 
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member  (e.g.,  a  double-adhesion  tape).  Further- 
more,  the  board  82  is  fixed  on  a  portion,  near  the 
sensor  6,  of  the  vibration  suppressor  7  by  an 
adhesion  member,  as  described  above.  In  this 
state,  the  leaf  spring  81  as  an  electrode  member 
for  electrically  connecting  the  electrode  of  the  sen- 
sor  6  and  the  electrode  821  on  the  board  82  is 
attached  to  clamp  both  the  vibration  transmission 
plate  8  and  the  board  82.  A  conductive  portion  83 
to  be  connected  to  the  other  electrode  of  the 
sensor  6  is  formed  to  extend  to  the  peripheral 
portion  of  the  vibration  transmission  plate  8.  The 
leaf  spring  84  is  a  good  conductor,  and  is  in 
contact  with  the  conductive  portion  83  and  the 
electrode  821  of  the  board  82  to  connect  them. 
With  this  structure,  compact  leaf  springs  can  be 
used  as  the  electrode  members  for  the  sensors  6, 
and  the  sensor  blocks  can  be  rendered  very  com- 
pact. 

The  leaf  springs  81  and  84  will  be  described  in 
detail  below.  The  leaf  spring  81  consists  of  a  good 
conductor  such  as  copper,  and  has  a  shape  sym- 
metrical  about  its  central  line,  as  shown  in  Fig.  16. 
This  is  to  remove  anisotropy  of  the  leaf  springs, 
and  to  use  the  leaf  springs  having  the  same  shape 
for  sensor  mounting  portions  of  all  the  sides  of  the 
substantially  rectangular  vibration  transmission 
plate  8,  as  shown  in  Fig.  18.  The  leaf  spring  81  has 
a  pawl  91  contacting  the  sensor  6,  and  pawls  92 
contacting  the  electrode  821  of  the  board  82.  The 
leaf  spring  81  fixes  the  vibration  transmission  plate 
8,  and  the  like  by  an  elastic  force  between  these 
pawls  and  an  opposing  pressing  portion  93,  while 
connecting  the  sensor  6  and  the  board  82  with  the 
pawls.  With  this  structure,  compact  leaf  springs  can 
be  used  as  the  electrode  members  for  the  sensors 
6,  and  the  sensor  blocks  can  be  rendered  very 
compact. 

The  other  leaf  spring  84  shown  in  Fig.  17  has 
the  same  purpose  as  that  of  the  leaf  spring  81. 
However,  the  leaf  spring  84  has  a  shape  different 
from  that  of  the  leaf  spring  81  since  it  is  connected 
to  the  conductive  portion  83  on  the  transmission 
plate,  and  the  electrode  821  on  the  board  82  ar- 
ranged  thereon.  In  the  leaf  spring  84,  pawls  102 
contact  the  electrode  821,  and  a  central  pawl  101 
contacts  the  conductive  portion  83,  thereby  con- 
necting  them. 

Since  the  board  82  is  arranged  on  the  vibration 
suppressor  7  using  these  leaf  springs,  a  pre-am- 
plifier  51  can  be  arranged  near  the  sensor  6.  This 
structure  is  effective  as  a  noise  countermeasure 
since  a  high-impedance  input  portion,  which  is 
easily  susceptible  to  noise  from  the  pre-amplifier 
51,  can  be  rendered  very  compact.  Also,  the  pre- 
amplifier  51  does  not  influence  an  elastic  wave  on 
the  vibration  transmission  plate  8  since  it  is  ar- 
ranged  on  the  vibration  suppressor  7. 

In  the  manufacture  of  the  apparatus,  since  a 
process  for  fixing  sensor  electrodes  by  soldering  or 
screws  can  be  omitted,  the  number  of  processes 
can  be  decreased,  and  the  manufacturing  cost  can 

5  be  reduced. 
Furthermore,  the  vibration  suppressors  7  can 

be  fixed  by  the  clamping  force  of  the  leaf  springs 
81  alone  without  using  any  adhesion  member.  With 
this  arrangement,  a  process  for  adhering  the  vibra- 

io  tion  suppressors  7  to  the  vibration  transmission 
plate  8  can  also  be  omitted,  and  the  manufacturing 
cost  can  be  further  reduced. 

[THIRD  EMBODIMENT] 
15 

As  the  third  embodiment,  a  vibration  input  pen 
used  in  the  above-mentioned  coordinate  input  de- 
vice  will  be  described  below. 

A  conventional  vibration  input  pen  suffers  from 
20  the  following  drawbacks.  More  specifically,  when  a 

data  input  operation  is  performed,  the  pen  tip  of 
the  vibration  input  pen  wears  by  a  friction  with  the 
vibration  transmission  plate.  As  the  pen  tip  wears, 
the  pen  tip  becomes  thicker,  resulting  in  poor  oper- 

25  ability  upon  operation  by  a  user.  In  addition,  since 
the  contact  area  between  the  vibration  transmission 
plate  and  the  pen  tip  of  the  vibration  input  pen 
increases,  the  resolution  of  coordinate  detection 
substantially  decreases  (in  other  words,  a  specific 

30  point  to  be  output  in  the  contact  portion  of  the  pen 
tip  cannot  be  identified). 

In  order  to  solve  these  problems,  the  pen  tip 
must  be  exchanged.  However,  conventionally, 
when  the  pen  tip  is  detached,  other  constituting 

35  elements  such  as  the  vibrator  are  simultaneously 
disassembled,  and  the  maintenance  by  a  user  is 
not  easy.  The  pen  as  a  whole  may  be  exchanged. 
However,  exchange  cost  then  increases,  and 
hence,  running  cost  increases.  As  a  method  for 

40  increasing  durability  against  wear,  the  pen  tip  may 
consist  of  a  resin.  However,  with  this  method,  the 
above-mentioned  problems  cannot  be  solved  ulti- 
mately.  Also,  when  the  pen  tip  consists  of  a  resin, 
an  energy  loss  of  a  vibration  increases,  and  the 

45  pen  tip  cannot  be  used  as  an  electrode  of  the 
vibrator.  For  this  reason,  the  electrode  must  be 
arranged  as  an  independent  member,  resulting  in  a 
complicated  arrangement  of  the  apparatus. 

Figs.  19  and  20  are  sectional  views  for  explain- 
so  ing  the  structure  of  main  part  of  a  vibration  pen  of 

this  embodiment.  Referring  to  Figs.  19  and  20,  a 
vibrator  4  incorporated  in  a  vibration  pen  3  is 
driven  by  a  vibrator  driving  circuit  2  (to  be  de- 
scribed  later).  An  electrical  driving  signal  is  con- 

55  verted  into  a  mechanical  ultrasonic  vibration  by  the 
vibrator  4,  and  the  vibration  is  transmitted  to  a  pen 
tip  12  via  a  vibration  transmission  member  5.  When 
the  pen  tip  12  contacts  a  vibration  transmission 

13 



25 EP  0  597  228  A2 26 

plate  (to  be  described  later),  the  vibration  is  input 
to  the  vibration  transmission  plate.  The  vibrator  4 
has  a  columnar  shape.  In  this  embodiment,  a  K33 
vibration  mode  in  which  the  polarization  direction  of 
the  vibrator  4  is  parallel  to  the  vibration  direction  is 
utilized.  The  vibrator  4  is  adhered  to  a  large  end 
face  of  the  vibration  transmission  member  5.  One 
electrode  of  the  vibrator  4  is  connected  to  the 
vibrator  driving  circuit  2  via  the  vibration  transmis- 
sion  member  5,  a  conductive  ring  138,  and  an 
electrode  spring  137.  The  other  electrode  of  the 
member  4  is  connected  to  the  vibrator  driving 
circuit  2  via  an  electrode  pin  135  and  an  electrode 
spring  136.  A  pen  housing  131  and  a  pen  tip 
protection  member  133  are  fastened  by  the  con- 
ductive  ring  138  via  a  screw  portion.  The  pen 
illustrated  in  Fig.  19  has  a  different  shape  of  the 
pen  tip  12  from  the  pen  illustrated  in  Fig.  20. 

The  first  requirement  for  the  vibration  pen  3  of 
the  coordinate  input  apparatus  utilizing  a  vibration 
is  to  efficiently  input  a  vibration  generated  by  the 
vibrator  4  to  the  vibration  transmission  plate,  and 
the  second  requirement  is  to  prevent  a  damage  to 
the  vibration  transmission  plate  upon  execution  of 
an  input  operation.  In  order  to  meet  the  first  re- 
quirement,  a  metal  material  such  as  aluminum, 
stainless  steel,  or  the  like  is  used  as  an  optimal 
material  for  the  pen  tip  12  since  it  causes  less 
energy  loss.  However,  such  a  material  damages 
the  vibration  transmission  plate  in  a  coordinate 
input  operation.  On  the  other  hand,  to  meet  the 
second  requirement,  a  resin  is  preferred  as  com- 
pared  to  a  metal. 

In  consideration  of  these  requirements,  in  this 
embodiment,  a  vibration  of  the  vibrator  4  is  input  to 
the  vibration  transmission  plate  using  aluminum  as 
a  material  of  the  vibration  transmission  member  5. 
Since  the  vibration  transmission  member  5  consists 
of  a  metal,  it  causes  less  energy  loss.  Also,  even 
when  the  axial  length  of  the  vibration  transmission 
member  5  becomes  relatively  large,  the  member  5 
can  sufficiently  transmit  a  vibration.  Furthermore, 
since  the  vibration  transmission  member  5  has  a 
conductivity,  it  also  serves  as  a  member  for  elec- 
trical  connection  with  the  electrode  of  the  vibrator 
4. 

The  vibration  transmission  member  5  is  fixed 
by  the  pen  tip  protection  member  133  and  the 
conductive  ring  138,  and  the  pen  tip  protection 
member  133  is  provided  with  a  screw  for  fixing  the 
pen  tip.  When  the  pen  tip  12  is  coupled  to  the  pen 
tip  protection  member  133  using  this  screw,  a 
small  end  face  of  the  vibration  transmission  mem- 
ber  5  contacts  the  pen  tip  12  first,  and  in  this  state, 
a  fastening  torque  of  the  screw  is  generated,  thus 
fixing  the  pen  tip. 

In  this  embodiment,  the  pen  tip  12  consists  of 
polyamideimide  which  causes  a  relatively  small 

energy  loss  of  a  vibration  as  compared  to  other 
resins  (although  the  loss  is  considerably  larger  than 
that  caused  by  a  metal).  In  addition,  the  pen  tip  12 
has  a  high  wear  resistance,  and  does  not  damage 

5  the  vibration  transmission  plate  5.  Of  course,  a 
material  which  satisfies  these  two  requirements, 
e.g.,  polyphenylene  sulfide  (pps)  may  be  used. 

In  this  manner,  since  a  member  for  transmitting 
a  vibration  is  inserted  between  the  vibrator  4  as  a 

io  vibration  generation  source  and  the  pen  tip  12,  the 
pen  tip  can  be  easily  exchanged.  In  addition,  a 
stress  can  be  prevented  from  being  concentrated 
on  the  vibration  transmission  member  5  in  a  prac- 
tical  use,  and  a  stable  vibration  can  be  input  to  the 

is  vibration  transmission  plate. 
The  present  invention  is  not  limited  to  the 

above  embodiments  and  various  changes  and 
modifications  can  be  made  within  the  spirit  and 
scope  of  the  present  invention.  Therefore,  to  ap- 

20  prise  the  public  of  the  scope  of  the  present  inven- 
tion,  the  following  claims  are  made. 

Claims 

25  1.  A  coordinate  input  apparatus  comprising: 
a  vibration  transmission  plate  provided 

with  an  input  guarantee  region  where  a  vibra- 
tion  is  input  from  a  vibration  source; 

detection  means  for  detecting  a  vibration 
30  of  said  vibration  transmission  plate; 

an  vibration  suppression  means  which  is 
arranged  on  a  peripheral  portion  of  said  vibra- 
tion  transmission  plate  and  along  a  path  of  a 
reflected  wave  of  the  vibration  input  in  the 

35  input  guarantee  region  to  said  detection 
means,  and  includes  a  gap  for  arranging  said 
detection  means;  and 

means  for  calculating  coordinates  of  a  po- 
sition  where  the  vibration  is  input  by  said  vibra- 

40  tion  source  on  the  basis  of  the  vibration  de- 
tected  by  said  detection  means. 

2.  The  apparatus  according  to  claim  1,  wherein 
said  vibration  transmission  plate  has  a  sub- 

45  stantially  rectangular  shape,  and  said  detection 
means  is  arranged  at  a  corner  portion  of  said 
vibration  transmission  plate  where  said  vibra- 
tion  suppression  means  has  a  gap. 

50  3.  The  apparatus  according  to  claim  2,  wherein 
said  detection  means  is  arranged  at  least  at 
three  corner  portions  of  said  vibration  transmis- 
sion  plate. 

55  4.  A  coordinate  input  apparatus  comprising: 
a  substantially  rectangular  vibration  trans- 

mission  plate  provided  with  an  input  guarantee 
region  where  a  vibration  is  input  from  a  vibra- 

14 
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tion  source; 
vibration  detection  means  arranged  at  least 

at  three  corner  portions  on  said  vibration  trans- 
mission  plate; 

vibration  suppression  means  which  are  ar- 
ranged  on  a  peripheral  portion  of  said  vibration 
transmission  plate  and  along  a  path  of  a  re- 
flected  wave  of  the  vibration  input  in  the  input 
guarantee  region  to  said  detection  means,  and 
include  gaps  for  arranging  said  vibration  detec- 
tion  means;  and 

means  for  calculating  coordinates  of  a  po- 
sition  where  the  vibration  is  input  by  said  vibra- 
tion  source  on  the  basis  of  the  vibration  de- 
tected  by  said  vibration  detection  means. 

5.  A  coordinate  input  apparatus  comprising: 
a  vibration  transmission  plate; 
conversion  means  for  detecting  a  vibration 

on  said  vibration  transmission  plate,  and  con- 
verting  the  detected  vibration  into  an  electrical 
signal; 

amplifier  means  for  amplifying  an  output 
signal  from  said  conversion  means; 

an  vibration  suppression  means  arranged 
on  a  peripheral  portion  of  said  vibration  trans- 
mission  plate;  and 

fixing  means  for  electrically  connecting 
said  conversion  means  and  said  amplifier 
means,  and  fixing  said  amplifier  means  on  said 
vibration  suppression  means  at  the  same  time. 

6.  The  apparatus  according  to  claim  5,  wherein 
said  fixing  means  comprises  a  conductive 
member  formed  with  opposing  pawl  portions, 
connects  said  conversion  means  and  said  am- 
plifier  means,  and  clamps  said  amplifier  means 
and  said  vibration  transmission  plate  by  said 
opposing  pawl  portions. 

7.  The  apparatus  according  to  claim  6,  wherein 
each  of  said  pawl  portions  of  said  fixing  means 
is  formed  in  a  symmetrical  pattern. 

8.  A  coordinate  input  apparatus  comprising: 
a  vibration  transmission  plate; 
conversion  means  for  detecting  a  vibration 

on  said  vibration  transmission  plate,  and  con- 
verting  the  detected  vibration  into  an  electrical 
signal; 

amplifier  means  for  amplifying  an  output 
signal  from  said  conversion  means; 

an  vibration  suppression  means  arranged 
on  a  peripheral  portion  of  said  vibration  trans- 
mission  plate;  and 

connection  means,  formed  with  opposing 
pawl  portions  consisting  of  a  conductive  ma- 
terial,  for  electrically  connecting  said  conver- 

sion  means  and  said  amplifier  means  by 
clamping  said  conversion  means  and  said  am- 
plifier  means  by  said  pawl  portions. 

5  9.  A  coordinate  input  apparatus  comprising: 
a  vibration  transmission  plate; 
generation  means  for  generating  a  vibra- 

tion; 
intermediate  transmission  means,  pressed 

io  against  said  generation  means,  for  transmitting 
the  vibration; 

distal  end  transmission  means,  threadably 
engaged  with  said  intermediate  transmission 
means,  for  transmitting  the  vibration  to  said 

is  vibration  transmission  plate;  and 
means  for  detecting  the  vibration  transmit- 

ted  from  said  distal  end  transmission  means, 
and  calculating  coordinates  of  a  vibration  input 
position. 

20 
10.  The  apparatus  according  to  claim  9,  wherein 

said  distal  end  transmission  means  consists  of 
a  resin,  and  said  intermediate  transmission 
means  consists  of  a  metal. 

25 
11.  The  apparatus  according  to  claim  9,  wherein 

said  generation  means  converts  an  input  elec- 
tric  power  into  a  mechanical  vibration,  and  said 
intermediate  transmission  means  also  serves 

30  as  a  conductive  portion  for  supplying  the  elec- 
tric  power  to  said  generation  means. 

12.  A  coordinate  input  apparatus  comprising: 
a  vibration  transmission  plate; 

35  generation  means  for  generating  a  vibra- 
tion  by  converting  an  electric  power  into  a 
mechanical  vibration; 

metal  intermediate  transmission  means 
which  is  pressed  against  said  generation 

40  means  to  transmit  the  vibration  and  the  electric 
power; 

resin  distal  end  transmission  means, 
threadably  engaged  with  said  intermediate 
transmission  means,  for  transmitting  the  vibra- 

45  tion  to  said  vibration  transmission  plate;  and 
means  for  detecting  the  vibration  transmit- 

ted  from  said  distal  end  transmission  means, 
and  calculating  coordinates  of  a  vibration  input 
position. 
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