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©  A  control  circuit  for  an  operating  panel  in  a 
printing  apparatus  or  the  like  is  provided  with  indica- 
tor  devices  and  switches,  and  is  adapted  for  lighting 
the  indicator  elements  and  sensing  switching  con- 
ditions  of  the  switches  on  the  basis  of  a  control 
signal  transmitted  from  a  control  unit.  The  control 
circuit  is  provided  with  a  serial-to-parallel  converter 
(2  in  FIG.  2;  11  in  FIG.  5)  having  input  terminals 
(DATA,  CLK)  and  output  terminals  (Oi-OiG)  for  con- 
verting  a  serial  signal  transmitted  from  the  control 
unit  (4,  5  in  FIG.  2;  13  in  FIG.  5)  into  a  parallel 
signal.  The  output  terminals  (d  -  Oig)  of  the  serial- 
to-parallel  converter  are  connected  with  the  indicator 
elements  (LED  1  -  LED  16),  which  are  put  to  the 
ground  at  the  other  ends  thereof,  and  some  output 
terminals  (Og  -  Oig)  of  the  serial-to-parallel  converter 
are  further  connected  with  the  switches  (SW  1  -  SW 
8). 
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BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

The  present  invention  relates  to  a  control  cir- 
cuit  for  an  operating  panel  or  operation  console 
and  the  like,  and  more  particularly  to  one  prefer- 
ably  used  in  a  circuit  for  controlling  a  turn-on 
operation  of  a  display  or  indicatior  device  such  as 
LED  (Light  Emitting  Diode)  provided  on  an  operat- 
ing  or  indicator  panel  in  a  printing  apparatus  and 
the  like. 

Description  of  the  Prior  Art 

Generally,  an  operating  panel  in  a  printing  ap- 
paratus  and  the  like  is  provided  with  a  control 
circuit  having  a  display  or  indicator  unit  for  inform- 
ing  an  operator  of  an  operational  state  of  the  func- 
tion  and  operating  switches,  which  are  controlled 
by  a  control  unit. 

FIG.  9  is  an  elevational  view  of  a  conventional 
operating  panel  by  way  of  example.  In  the  figure, 
there  are  shown  a  plurality  of  light  emitting  diodes 
designated  by  LEDi  -  LEDig  as  display  means  and 
a  plurality  of  operating  or  control  switches  des- 
ignated  by  SWi  -  SW8.  Those  elements  LEDi  - 
LEDig  and  SWi  -SW8  are  disposed  on  a  printed 
circuit  board  2  and  attached  to  the  back  surface  of 
an  operating  panel  1.  When  the  printing  apparatus 
is  in  operation,  light  emitting  diodes  LEDi  -  LEDig 
serve  to  indicate,  when  lighting,  functions  which  are 
now  in  turn-on  state. 

FIG.  10  is  a  diagram  of  a  conventional  control 
circuit  by  way  of  example.  A  control  circuit  3  com- 
prises  driver  electronics  4  for  driving  LEDi  -LEDig, 
current  control  resistors  Ri  -  Rig  each  for  deter- 
mining  luminance  of  the  associated  light  emitting 
diode,  switches  SWi  -  SW8  and  pull-up  resistors 
R17  -R2+.  The  control  circuit  3  is  controlled  by  a 
central  processor  unit  (CPU)  5.  The  driver  4  is 
provided  with  output  terminals  d  -  Oig  each  con- 
nected  in  series  to  associated  one  of  the  elements 
LEDi  -  LEDig  to  which  the  resistors  Ri  -  Rig  are 
connected  in  series,  respectively.  The  resistors  Ri 
-  Rig  are  put  to  the  ground  at  the  other  ends 
thereof  by  a  common  connection.  Input  terminals  li 
-  Iig  of  the  driver  4  are  connected  through  termi- 
nals  Ti  -  Tig  provided  on  a  printed  circuit  board  2 
to  ports  Pi  -  Pig  of  CPU  5,  respectively.  Likewise, 
ports  P17  -  P24  of  CPU  5  are  connected  through 
terminals  T17  -  T2+  to  one  terminals  of  SWi  -  SW8, 
respectively.  The  SWi  -  SW8  are  put  to  the  ground 
at  the  other  ends  thereof.  Further,  the  one  termi- 
nals  of  the  SWi  -  SW8  are  connected  to  associated 
one  terminals  of  the  pull-up  resistors  R17  -  R24, 

respectively,  which  are  grounded  at  the  other  ter- 
minals  thereof.  Here,  there  are  terminals,  not 
shown,  for  power  supply  and  ground. 

Central  processor  unit  5  outputs  a  signal  of 
5  level  "1"  through  ports  Pi  -  Pig  to  a  light  emitting 

diode  corresponding  to  function  which  is  now  in 
turn-on  state,  so  that  the  driver  4  is  driven  to  light 
that  light  emitting  diode.  When  depression  of 
switches  SWi  -  SW8  is  sensed,  ports  P17  -  P24  of 

10  CPU  5  are  detected  to  determine  depression  of 
swithces  SWi  -  SW8  by  discriminating  whether  or 
not  the  port  corresponding  to  the  depressed  switch 
is  now  in  level  "0". 

According  to  the  conventional  control  circuit  as 
15  mentioned  above,  however,  there  are  required  the 

ports  of  the  central  processor  unit  on  individual 
switches  SW's  and  individual  LED's.  Consequently, 
when  the  ports  of  the  CPU  are  desired  to  be  used 
for  the  other  purpose,  there  is  such  an  inconve- 

20  nience  that  the  remaining  ports  are  few  and  thus 
limited  in  use  for  the  other  purpose. 

Further,  the  conventional  control  circuit  has 
been  associated  with  the  following  drawbacks. 
There  are  required  wirings  for  connection  of  the 

25  switches  SWi  -  SW8  and  the  associated  ports. 
Thus,  the  number  of  wirings  for  connection  is  in- 
creased,  thereby  enlarging  the  required  area  of  the 
printed  circuit  board. 

The  number  of  terminals  in  the  terminal  unit  of 
30  the  printed  circuit  board  needs  the  sum  of  the 

number  of  LED's  and  the  number  of  operating 
switches.  Thus,  the  number  of  circuit  connection 
patterns  provided  on  the  printed  circuit  board  also 
requires  the  associated  number  of  terminals,  there- 

35  by  enlarging  the  area  of  the  printed  circuit  board. 
Furthermore,  according  to  the  conventional 

control  circuit,  if  the  number  of  LED's  exceeds  the 
number  of  address  lines  of  the  CPU,  or  the  number 
of  operating  switches  exceeds  the  number  of  data 

40  lines  of  the  CPU,  there  is  such  a  problem  that  it 
needs  to  provide  an  additional  LSI  chip  or  electron- 
ics  for  an  I/O  port. 

SUMMARY  OF  THE  INVENTION 
45 

It  is  therefore  an  object  of  the  present  invention 
to  provide  a  control  circuit  permitting  the  same 
signal  wire  to  be  used  in  both  the  control  of  turn  on 
and  off  of  the  indicator  element  such  as  a  light 

50  emitting  diode  and  the  detection  of  depression  of 
the  switch  element. 

It  is  another  object  of  the  present  invention  to 
reduce  the  number  of  ports  of  a  CPU  to  be  used 
by  permitting  the  same  signal  wire  to  be  used  in 

55  both  the  control  of  turn  on  and  off  of  the  indicator 
element  such  as  an  LED  and  the  detection  of 
depression  of  the  switch  element  in  order  to  solve 
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such  a  problem  that  the  ports  of  the  CPU  are 
required  on  individual  switch  elements  and  individ- 
ual  indicator  elements. 

According  to  the  present  invention,  there  is 
provided  an  indicator  control  circuit  for  controlling  a 
drive  operation  of  a  lighting  indicator  unit  provided 
with  a  plurality  of  indicator  elements  each  adapted 
to  indicate  an  operating  condition  of  an  electronic 
apparatus.  The  indicator  control  circuit  comprises 
an  indicator  element  driver  unit  provided  with  ports 
the  number  of  which  corresponds  to  that  of  the 
plurality  of  indicator  elements,  each  of  the  ports 
being  connected  by  a  signal  line  to  associated  one 
of  the  plurality  of  indicator  elements  to  supply  a 
driving  signal  to  the  associated  indicator  element; 
an  operating  switch  unit  comprising  a  plurality  of 
operating  switches  each  of  which  is  connected  to 
associated  one  of  the  ports  of  the  indicator  element 
driver  unit  through  associated  one  of  the  signal 
lines  for  connecting  the  ports  and  the  indicator 
elements  on  a  common  basis;  a  switch  condition 
detector  for  providing  such  a  control  that  while  the 
indicator  element  driver  unit  drives  the  indicator 
elements,  the  driving  operation  is  stopped  for  a 
moment  and  at  that  time  potential  of  each  of  the 
ports  of  the  indicator  element  driver  unit,  to  which 
the  switches  are  connected,  is  sensed,  so  that  turn- 
on/turn-off  states  of  the  switches  are  detected  and 
turn-on/turn-off  information  representative  of  the 
turn-on/turn-off  states  of  the  switches  is  outputted; 
and  a  lighting  data  generator  for  generating  data  for 
lighting  operation  of  the  respective  indicator  ele- 
ments  on  the  basis  of  the  turn-on/turn-off  informa- 
tion  of  the  switches  outputted  from  the  switch  con- 
dition  detector. 

Further,  the  present  invention  provides  a  con- 
trol  circuit  having  a  plurality  of  indicator  elements 
and  a  plurality  of  switches,  for  lighting  the  indicator 
elements  and  sensing  switching  conditions  of  the 
switches  on  the  basis  of  a  control  signal  transmit- 
ted  from  a  control  unit.  The  control  circuit  is  pro- 
vided  with  a  serial-to-parallel  converter  having  input 
terminals  and  output  terminals  for  converting  a 
serial  signal  transmitted  from  the  control  unit  into  a 
parallel  signal.  The  output  terminals  of  the  serial-to- 
parallel  converter  are  connected  with  the  plurality 
of  indicator  elements,  which  are  put  to  a  reference 
potential  at  other  ends  thereof,  and  some  output 
terminals  of  the  serial-to-parallel  converter  are  fur- 
ther  connected  with  the  plurality  of  switches,  to 
which  a  switch  condition  sensor  is  connected  at 
other  ends  thereof  on  a  common  basis,  while  the 
switch  condition  sensor  is  put  to  the  reference 
potential  at  another  end  thereof. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  objects  and  features  of  the  present  inven- 
tion  will  become  more  apparent  from  the  consider- 

5  ation  of  the  following  detailed  description  taken  in 
conjunction  with  the  accompanying  drawings  in 
which: 

FIG.  1  is  a  schematic  diagram  showing  a  func- 
tional  structure  of  an  indicator  control  circuit 

io  according  to  an  embodiment  of  the  present  in- 
vention; 
FIG.  2  is  a  schematic  diagram  used  for  the 
description  of  a  wiring  state  of  the  indicator 
control  circuit  according  to  the  embodiment  of 

is  the  present  invention; 
FIG.  3  is  a  time  chart  useful  for  understanding 
an  operation  of  lighting  of  LED's  in  the  embodi- 
ment; 
FIG.  4  is  a  time  chart  useful  for  understanding  a 

20  operation  of  sensing  the  switches  in  the  embodi- 
ment; 
FIG.  5  is  a  schematic  diagram  showing  a  control 
circuit  according  to  another  embodiment  of  the 
present  invention; 

25  FIG.  6  is  a  diagram  showing  an  example  of  the 
structure  of  the  serial  signal  in  the  embodiment; 
FIG.  7  is  a  diagram  showing  a  relation  between 
input  and  output  of  the  driver  during  a  period  of 
time  of  SW  sense  data  output  in  the  embodi- 

30  ment; 
FIG.  8  is  a  time  chart  according  to  the  embodi- 
ment  shown  in  FIG.  1  ; 
FIG.  9  is  an  elevational  view  of  a  conventional 
operating  panel  by  way  of  example;  and 

35  FIG.  10  is  a  diagram  of  a  conventional  control 
circuit  for  an  operating  panel  by  way  of  exam- 
ple. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
40  MENTS 

FIG.  1  is  a  diagram  schematically  showing  a 
functional  structure  of  an  indicator  control  circuit 
according  to  an  embodiment  of  the  present  inven- 

45  tion.  FIG.  2  is  a  diagram  useful  for  understanding  a 
wiring  state  of  the  indicator  control  circuit  accord- 
ing  to  the  embodiment  of  the  present  invention. 

As  apparent  from  FIGS.  1  and  2,  the  indicator 
or  display  control  circuit  according  to  the  embodi- 

50  ment  basically  comprises  an  indicator  unit  1,  an 
indicator  driver  circuit  or  electronics  2,  an  operating 
or  control  switch  unit  3,  a  switch  condition  detector 
4  and  a  lighting  data  generator  5.  It  is  noted  that 
actually  the  switch  condition  detector  4  and  the 

55  lighting  data  generator  5  are  constructed  into  pro- 
gram  sequences  stored  in  a  central  processor  sys- 
tem,  which  will  be  described  later. 

3 
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The  indicator  or  display  unit  1  is  provided  for 
indicating  an  operating  condition  of  an  electronic 
apparatus  and  the  like  such  as  a  printer.  As  indica- 
tor  or  display  devices  for  informing  the  operating 
conditions  of  the  apparatus,  there  are  disposed  a 
plurality  of  light  emitting  diodes  LED  1  -  LED  16. 

The  light  emitting  diodes  LED  1  -  LED  16  are 
driven  by  the  indicator  driver  circuit  2.  Thus,  in 
order  to  enable  the  light  emitting  diodes  LED  1  - 
LED  16  to  light,  the  indicator  driver  circuit  2  is 
provided  with  ports  Oig  -  Oi  the  number  of  which 
corresponds  to  that  of  the  light  emitting  diodes 
LED  1  -  LED  16.  Each  of  the  ports  Oi6  -  Oi  is 
connected  by  a  signal  line  10  to  associated  one  of 
the  light  emitting  diodes  LED  1-  LED  16  to  supply 
a  driving  signal  to  the  associated  LED. 

According  to  the  present  embodiment,  the  sig- 
nal  lines  10  for  connecting  the  ports  Oig  -  Oi  and 
diodes  LED  1  -  LED  16  are  used  on  a  common 
basis  in  such  a  manner  that  a  plurality  of  operating 
switches  SW  1  -  SW  8  are  connected  to  the  ports 
Oi  -  Os  of  the  indicator  lamp  driver  circuit  2, 
respectively.  The  operating  switches  SW  1  -  SW  8 
are  provided  on  the  operating  or  control  switch  unit 
3  to  produce  associated  command  signals  for  con- 
trolling  operation  of  the  apparatus.  The  switches 
SW  1  -  SW  8  are  put  to  the  ground  as  a  reference 
potential  through  diodes  D  1  -  D  8  at  the  other 
terminals  thereof.  Consequently,  if  any  of  the 
switches  SW  1  -  SW  8  is  closed  or  turned  on,  the 
port  0,  to  which  the  closed  switch  SW  is  con- 
nected,  goes  down  in  its  potential  to  low  level  "L". 
Thus,  sensing  of  the  potential  of  the  port  0  makes 
it  possible  to  detect  turn-on/turn-off  states  of  the 
switches  SW  1  -  SW  8.  The  diodes  D  1  -  D  8  are 
provided  for  the  purpose  of  protection  of  driver 
electronics,  advantageously  implemented  in  a  sin- 
gle  integrated  circuit  chip,  constructing  the  indica- 
tor  driver  circuit  2  from  short-circuiting  in  its  output 
in  case  of  simultaneous  depression  of  plural 
switches  SW's. 

According  to  the  present  embodiment,  the 
switch  condition  detector  4  provides  such  a  control 
that  while  the  indicator  driver  circuit  2  drives  light 
emitting  diode  LED  1  -  LED  16  to  light,  the  driving 
operation  is  ceased  for  a  moment,  and  at  that  time 
potential  on  each  of  the  ports  of  the  indicator  driver 
circuit  2  to  which  the  switches  SW1  -  SW  8  are 
connected  is  sensed,  so  that  turn-on/turn-off  states 
of  the  switches  SW  1  -  SW  8  are  detected  and  a 
switch  condition  detection  signal  Si  is  outputted  to 
indicate  the  sensed  condition. 

The  switch  condition  detection  signal  Si  from 
the  switch  condition  detector  4,  which  includes 
information  representing  turn-on/turn-off  states  of 
the  switches  SW  1  -  SW  8,  is  applied  to  the 
lighting  data  generator  5.  The  lighting  data  gener- 

ator  5  generates  data  for  lighting  operation  of  the 
respective  LED  1  -  LED  16  on  the  basis  of  the 
given  information. 

The  indicator  driver  circuit  2,  or  the  driver 
5  electronics  2,  is  provided  with  a  means  for  convert- 

ing  a  serial  input  to  a  parallel  output,  which  has  16 
bits  of  parallel  output,  in  accordance  with  the 
present  embodiment.  Between  the  respective  LED 
1  -  LED  16  and  the  ground,  there  are  provided 

io  current  control  resistors  R1-  R16  each  for  deter- 
mining  luminance  of  associated  one  of  the  light 
emitting  diodes  LED  1  -  LED  16. 

As  shown  in  FIG.  2,  an  input  portion  of  the 
driver  electronics  2  is  provided  with  a  serial  data 

is  input  terminal  DATA  and  a  serial  clock  input  termi- 
nal  CLK,  to  which  a  serial  data  signal  S2  and  a 
serial  clock  signal  S3  are  applied  from  the  lighting 
data  generator  5,  respectively. 

Next,  methods  of  lighting  the  light  emitting 
20  doides  and  sensing  the  switches  SW's  according  to 

the  present  embodiment  will  be  described 
hereinafter.  FIG.  3  is  a  time  chart  useful  for  under- 
standing  a  method  of  lighting  the  light  emitting 
diodes.  First,  the  lighting  data  generator  5  sends 

25  the  serial  data  signal  S2  (hexadicimal  data  (B153)H, 
for  example)  in  synchronism  with  the  serial  clock 
signal  S3.  The  data  is  changed  at  the  leading  edge 
of  the  serial  clock  signal.  The  serial  data  signal  S2 
is  shifted  through  a  shift  register,  not  shown  and 

30  provided  within  the  driver  IC  2,  and  has  been  set  to 
the  ports  d  -  d  g  after  the  serial  clock  signal  S3  is 
terminated,  so  that  the  light  emitting  diode  or  di- 
odes  corresponding  to  the  conditions  of  the  serial 
data  signal  S2  are  driven  to  light. 

35  Thus,  while  light  emitting  diodes  LED  1  -  LED 
16  are  driven  to  light,  the  switching  states  of  the 
switches  SW  1  -  SW  8  are  sensed  by  the  switch 
condition  detector  4.  FIG.  4  is  a  time  chart  used  for 
describing  how  the  switches  SW  1-SW  8  are 

40  sensed.  First,  the  lighting  data  generator  5  sends 
data  (8000)H  in  synchronism  with  the  serial  clock 
signal  S3,  the  data  being  changed  at  the  leading 
edge  of  the  serial  clock  signal.  The  data  to  be 
latched  is  changed  in  response  to  a  depressed 

45  condition  of  the  switch,  for  example,  changed  to 
(0000)H  if  none  of  the  switches  is  depressed,  and 
(8000)H  if  the  switch  SW  8  is  depressed.  At  the 
same  time,  signals  SW  -  DATA  are  latched  in 
synchronism  with  the  serial  clock  signal  S3  at  the 

50  trailing  edge  of  the  serial  clock  signal.  The  signal 
SW  -  DATA  becomes  "1  ",  only  at  a  timing  wherein 
a  switch  is  depressed  and  a  port  of  the  driver 
electronics  2  outputs  "1  ". 

In  FIG.  4,  encircled  numeral  1  designates  a 
55  state  of  the  signal  SW  -  DATA  in  a  case  where 

none  of  the  switches  SW  1  -  SW  8  is  depressed.  In 
that  state,  the  latched  data  is  given  by  "0000".  The 
encircled  numeral  2  is  directed  to  a  state  of  the 

4 
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signal  SW  -  DATA  in  a  case  where  only  the  switch 
SW  8  is  depressed.  In  the  state,  the  data  is  given 
by  data  (8000)H.  The  encircled  numeral  3  shows  a 
state  of  the  signal  SW  -  DATA  in  a  case  where  only 
the  switch  SW  6  is  depressed.  In  the  state,  the 
data  is  given  by  data  (2000)H.  The  encircled  num- 
ber  4  designates  a  state  of  the  signal  SW  -  DATA 
in  a  case  where  both  the  switches  SW  8  and  SW  4 
are  depressed.  In  the  state,  the  data  is  given  by 
data  (8800)H.  Those  data  are  detected  by  the 
switch  condition  detector  4  and  supplied  to  the 
lighting  data  generator  5  so  as  to  be  latched.  The 
lighting  data  generator  5  determines,  based  on  the 
latched  data,  which  switch  has  been  depressed, 
and  immediately  sets  the  light  emitting  diode  on 
the  basis  of  condition  of  the  depressed  switch. 
Thus,  data  other  than  the  data  to  be  displayed 
essentially  is  displayed  on  the  light  emitting  diode 
while  sensing  of  the  switch  SW  is  performed.  How- 
ever,  a  time  required  for  sensing  of  the  switch  SW 
is  considerably  shorter  in  the  order  of  50  u.  sec,  for 
example,  than  a  period  of  time  during  which  the 
light  emitting  diode  starts  to  light.  Consequently, 
there  is  provided  after-image  by  the  serial  data 
signal  S2  before  and  after  sensing  of  the  switch 
SW,  and  thus  operators  feel  neither  incoherency 
nor  confusion,  even  if  data  other  than  the  data  to 
be  displayed  essentially  is  displayed  on  the  light 
emitting  diode  while  detecting  of  the  switch  SW  is 
performed. 

As  stated  above,  according  to  the  embodiment 
of  the  present  invention,  the  display  control  circuit 
is  so  arranged  that  the  ports  of  the  indicator  driver 
circuit  and  the  signal  lines  for  connecting  the  ports 
and  the  indicator  devices  are  used  on  a  common 
basis  in  such  a  manner  that  a  plurality  of  operating 
switches  are  connected  to  the  ports  of  the  indicator 
drive,  and  the  switch  condition  detector  provides 
such  a  control  that  while  the  indicator  driver  circuit 
drives  the  indicator  devices  to  light,  the  lighting 
operation  is  stopped  for  a  moment,  and  at  that  time 
potential  on  each  of  the  ports  of  the  indicator  driver 
circuit  to  which  the  switches  are  connected,  re- 
spectively  is  sensed,  so  that  turn-on/turn-off  states 
of  the  switches  are  detected.  Thus,  it  is  possible  to 
use  the  same  signal  wire  for  both  the  control  of 
turn-on/turn-off  of  the  indicator  devices  and  the 
sensing  of  a  depression  of  the  switch.  Conse- 
quently,  it  is  possible  to  avoid  necessity  for  provid- 
ing  the  ports  on  each  individual  switch  and  each 
individual  indicator  devices,  thereby  utilize  the  re- 
maining  ports  for  the  other  purpose.  Further,  it  is 
possible  to  reduce  the  number  of  wirings  for  con- 
nection  of  the  respective  switches  and  the  asso- 
ciated  ports,  thereby  reducing  the  area  of  the  print- 
ed  circuit  board  required  for  the  wiring  and  thus 
contributing  to  miniaturization  of  the  circuit. 

FIG.  5  is  a  diagram  showing  a  control  circuit 
according  to  an  alternative  embodiment  of  the 
present  invention.  As  apparent  from  FIG.  5,  the 
control  circuit  10  according  to  the  alternative  em- 

5  bodiment  comprises  driver  electronics  1  1  ,  advanta- 
geously  inplemented  in  an  integrated  circuit  chip 
and  provided  with  serial  inputs  and  16  bits  of 
parallel  outputs,  an  light  emitting  diodes  LED  1  - 
LED  16  as  display  or  indicator  means  and  current 

10  control  resistors  R1-  R16  each  for  determining  lu- 
minance  of  the  associated  light  emitting  diode,  a 
plurality  of  operating  or  control  switches  SW  1  - 
SW  8,  and  a  plurality  of  diodes  D  1  -  D  8  provided 
for  the  purpose  of  protection  of  the  driver  electron- 

15  ics  1  1  from  short-circuiting  in  its  output  in  case  of  a 
simultaneous  depression  of  plural  switches  SW's 
and  an  additional  resistor  R  25.  Those  elements 
are  mounted  on  a  printed  circuit  board  12.  The 
control  circuit  10  is  further  under  the  control  of 

20  CPU  13.  Input  terminals  DATA  and  CLK  of  the 
driver  electronics  11  are  connected  through  termi- 
nals  T1  and  T2  of  the  printed  circuit  board  12  with 
ports  Pi  and  P2  of  CPU  13,  respectively.  Output 
terminals  d  -  Oig  of  the  driver  electronics  11  are 

25  connected  with  LED  1  -  LED  16,  respectively,  to 
which  the  resistors  R1-R16  are  connected  in  series, 
respectively.  The  resistors  R1-R16  are  put  to  a 
reference  potential,  the  ground,  for  example, 
through  a  common  line  at  the  other  ends  thereof. 

30  The  output  terminals  Og  -  Oig  are  further  con- 
nected  with  the  operating  switches  SW  1  -  SW  8, 
respectively,  to  which  the  diodes  D  1  -  D  8  are 
connected  in  series,  respectively.  The  diodes  D1  - 
D8  are  connected  to  the  resistor  R  25  as  a  switch 

35  condition  sensing  means  at  the  other  ends  thereof 
on  a  common  basis.  The  resistance  R  25  is  also 
put  to  the  ground  at  its  other  end.  The  one  end  of 
the  resistance  R  25  is  connected  through  a  termi- 
nal  T3  of  the  printed  circuit  board  12  to  port  P3  of 

40  CPU  13.  The  driver  electronics  11,  which  includes 
a  shifter,  not  shown,  adapted  for  storing  16  bits  of 
serial  signals,  serves  to  sequentially  store  in  the 
shifter  the  16  bits  of  serial  signals  supplied  from 
CPU  13  in  synchronism  with  serial  clock  signals 

45  also  supplied  from  CPU  13  and  to  output  those 
signals  from  the  output  terminals  d  -  Oig  in  the 
form  of  parallel  signals.  Signal  SW-DATA  is  output 
from  the  control  circuit  10  to  CPU  13  when  CPU  13 
senses  the  switches  SW  1  -  S  W  8. 

50  FIG.  6  is  a  diagram  showing  exemplarily  a 
structure  of  the  serial  signal.  The  exemplified  serial 
signal  comprises  LED  data  for  turn-on  and  off  of 
light  emitting  diodes  LED  1  -  LED  16  and  SW 
sense  data  for  sense  of  switches  SW  1  -  SW  8, 

55  and  is  repeatedly  transmitted  at  20-30  m  sec  of 
cycle  time  from  CPU  13  to  the  control  circuit  10. 
During  a  period  of  time  of  LED  data  output,  a  light 
emitting  diode  corresponding  to  a  function  which  is 

5 



9 EP  0  483  829  A2 10 

now  in  condition  of  turn-on  is  lighted.  During  a 
period  of  time  of  SW  sense  data  output,  level  "1  " 
of  data  is  transmitted  to  the  output  terminals  Og  - 
Oi  6  of  the  driver  electronics  1  1  in  order,  and  at  that 
time,  if  the  operating  switch,  to  which  the  level  "1  " 
of  data  is  transmitted,  has  been  depressed,  level 
"1"  of  SW-DATA  signal  is  output  to  CPU  13,  so 
that  CPU  13  may  sense  the  depressed  operating 
switch.  The  SW  sense  data  begins  at  the  state 
"0080H"  and  terminates  at  the  state  (0001  )H. 

FIG.  7  is  a  diagram  showing  a  relation  between 
input  and  output  of  the  driver  electronics  1  1  during 
a  period  of  time  of  SW  sense  data  output.  The  SW 
sense  data  (0080)H  on  a  hexadicimal  notation  is 
given  with  bainary  data  "0000000010000000"  on  a 
binary  notation  basis,  which  indicates  that  the  out- 
put  terminal  Og  of  the  driver  electronics  11  takes 
its  binary  state  "1  "  in  the  output  level  and  the  other 
terminals  are  of  binary  state  "0"  in  the  output  level. 
That  is,  if  the  operating  switch  SW  1  has  been 
depressed,  the  SW-DATA  signal  becomes  banary 
"1"  in  level  and  CPU  13  senses  the  fact  that  the 
operating  switch  SW  1  has  been  depressed.  Like- 
wise,  CPU  13  may  sense  the  condition  of  depres- 
sion  of  the  operating  switches  SW  2  -  SW  8. 

FIG.  8  is  a  time  chart  according  to  the  present 
embodiment.  Parts  (A),  (B),  (C)  and  (D)  of  FIG.  8 
show  serial  data,  driver  output,  depression  con- 
dition  of  SW  2  and  SW-DATA  signal,  respectively. 
The  operation  will  be  described  hereinafter  refer- 
ring  to  the  figure.  At  time  Ti  ,  if  the  driver  electron- 
ics  11  shown  in  FIG.  5  receives,  on  DATA  input 
terminal,  LED  data  (FFFF)H  transmitted  from  CPU 
13,  the  driver  electronics  11  including  a  shifter,  not 
shown,  serves  to  sequentially  store  in  the  shifter 
data  in  synchronism  with  serial  clock  signals  also 
supplied  from  CPU  13.  At  time  T2,  the  LED  data 
(FFFF)H  have  been  stored  in  its  entirety  in  the 
shifter  and  are  output  in  parallel  from  the  output 
terminals  d  -  Oig  -  At  time  T3,  the  operating  switch 
SW  2  is  depressed.  While  depression  of  the  op- 
erating  switch  SW  2  enables  SW-DATA  signal  to 
become  binary  "1"  in  level,  CPU  13  does  not  yet 
sense  the  operating  switches  SW  1  -  SW  8.  At  time 
T+,  the  SW  sense  data  (0080)H  as  the  serial  signal 
are  entered  to  the  driver  electronics  1  1  .  At  time  T5  , 
the  SW  sense  data  (0080)H  have  been  stored  in  its 
entirety  in  the  shifter  and  are  output  in  parallel  from 
the  output  terminals  d  -  d  g  as  shown  in  part  (A) 
of  FIG.  7.  At  that  time,  CPU  13  is  able  to  sense  the 
condition  of  switch  SW  1  by  means  of  sensing  of 
SW-DATA  signal  in  level  binary  "1  "  or  "0".  Accord- 
ing  to  the  embodiment  of  FIG.  8,  since  switch  SW 
1  is  not  depressed,  SW-DATA  signal  is  binary  "0" 
in  level.  Thus,  CPU  13  senses  that  switch  SW  1  is 
not  depressed.  At  time  TG,  SW  sense  data  (0040)H 
in  the  form  of  the  serial  signal  is  entered  to  the 
driver  IC  1  1  .  At  time  T7,  the  SW  sense  data  (0040)- 

H  have  been  stored  in  its  entirety  in  the  shifter  and 
are  output  in  parallel  from  the  output  terminals  d  - 
Oig  as  shown  in  part  (B)  of  FIG.  7.  At  that  time, 
since  switch  SW  2  is  in  its  depressed  condition, 

5  the  current  flows  through  the  output  terminal  O10 
and  then  SW-DATA  signal  becomes  binary  "1  "  in 
level.  Thus,  CPU  13  senses  that  switch  SW  2  is  in 
its  depressed  condition.  Likewise,  switches  SW  3  - 
SW  8  are  sensed.  At  time  T8  when  20-30  m  sec 

10  lapsed  from  time  T1  ,  LED  data  (FFFF)H  is  again 
entered,  and  light  emitting  diodes  LED  1  -  LED  16 
are  lighted. 

The  illustrative  embodiments  include  a  light 
emitting  diode  as  the  display  or  indicator  means.  It 

15  should  be  noted,  however,  that  an  incandescent 
lamp  may  also  be  used  as  the  display  means  for  a 
light  emitting  diode  since  the  sufficient  current  re- 
quired  for  the  incandescent  lamp  is  supplied  by  the 
driver. 

20  Further,  according  to  the  present  embodi- 
ments,  there  is  shown  the  resistance  as  a  switch 
condition  sensing  means.  It  should  also  be  noted, 
however,  that  any  sort  of  device  may  be  used 
which  is  adapted  for  sensing  current  or  voltage  on 

25  a  switch  to  be  detected.  For  example,  there  may 
be  so  arranged  that  a  small  size  of  electromagnet, 
instead  of  the  resistance,  is  provided,  and  a  reed 
switch  between  the  both  ends  of  which  a  predeter- 
mined  voltage  is  applied  is  disposed  near  the  elec- 

30  tromagnet,  wherein  a  voltage  is  detected  when  the 
electromagnet  is  operated,  so  that  terminals  of  the 
reed  switch  make  contact  with  each  other. 

As  stated  above,  according  to  the  embodi- 
ments  of  the  present  invention,  the  number  of 

35  signal  wires  between  the  CPU  and  the  printed 
circuit  board  is  remarkably  reduced,  and  thus  it  is 
possible  to  reduce  the  number  of  circuit  connection 
patterns  provided  on  the  circuit  board,  thereby 
minimizing  the  area  of  the  printed  circuit  board. 

40  Further,  according  to  the  embodiments  of  the 
present  invention,  even  if  the  number  of  display 
means  or  switches  is  increased,  the  number  of 
ports  of  the  CPU  to  be  used  is  not  increased.  Thus, 
it  is  possible  to  avoid  such  a  requirement  that  an 

45  additional  CPU  or  LSI  chip  for  an  I/O  port,  which 
are  expensive,  are  provided. 

Furthermore,  according  to  the  embodiments  of 
the  present  invention,  it  is  possible  to  use  the 
remaining  ports  of  the  CPU  or  the  ports  released 

50  from  necessity  according  to  the  present  invention, 
for  the  other  purposes,  such  as  for  ports  for  other 
signal  data. 

Claims 
55 

1.  An  indicator  control  circuit  for  controlling  a 
drive  operation  of  a  lighting  indicator  unit  in- 
cluding  a  plurality  of  indicator  devices  each 

6 
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adapted  to  indicate  an  operating  condition  of 
an  electronic  apparatus, 

CHARACTERIZED  IN  THAT 
said  indicator  control  circuit  comprises: 
an  indicator  driver  unit  (2)  provided  with 

ports  (Oig  -  Oi)  the  number  of  which  cor- 
responds  to  that  of  the  plurality  of  indicator 
devices  (LED  1  -  LED  16),  each  of  the  ports 
being  connected  by  a  signal  line  (10)  to  asso- 
ciated  one  of  the  plurality  of  indicator  devices 
(LED  1  -  LED  16)  to  supply  a  driving  signal  to 
the  associated  indicator  device; 

an  operating  switch  unit  (3)  comprising  a 
plurality  of  operating  switches  (SW  1  -  SW  8) 
each  of  which  is  connected  to  associated  one 
of  the  ports  (Os  -d  )  of  the  indicator  driver  unit 
(2)  through  associated  one  of  the  signal  lines 
(10)  for  connecting  the  ports  (Os  -  Oi)  and  the 
indicator  devices  (LED  9  -  LED  16)  on  a  com- 
mon  basis; 

a  switch  condition  detection  means  (4)  for 
providing  such  a  control  that  while  the  indicator 
driver  unit  (2)  drives  the  indicator  devices  (LED 
1  -  LED  16),  the  driving  operation  is  stopped 
for  a  moment  and  at  that  time  potential  of  each 
of  the  ports  of  the  indicator  driver  unit  (2),  to 
which  the  switches  (SW1  -  SW  8)  are  con- 
nected,  is  sensed,  so  that  turn-on/turn-off 
states  of  the  switches  (SW  1  -  SW  8)  are 
detected  and  turn-on/turn-off  information  repre- 
sentative  of  the  turn-on/turn-off  states  of  the 
switches  (SW  1  -  SW8)  is  outputted;  and 

a  lighting  data  generating  means  (5)  for 
generating  data  for  lighting  operation  of  the 
respective  indicator  devices  (LED  1  -  LED  16) 
on  the  basis  of  the  turn-on/turn-off  information 
of  the  switches  (SW  1  -  SW  8)  outputted  from 
said  switch  condition  detection  means  (4). 

2.  A  control  circuit  according  to  claim  1,  CHAR- 
ACTERIZED  IN  THAT  said  indicator  driver  unit 
(2)  is  constructed  into  an  integrated  circuit. 

3.  A  control  circuit  according  to  claim  1,  CHAR- 
ACTERIZED  IN  THAT  said  indicator  driver  unit 
(2)  includes  a  means  for  converting  a  serial 
input  to  a  parallel  output. 

4.  A  control  circuit  according  to  claim  2,  CHAR- 
ACTERIZED  IN  THAT  said  indicator  driver  unit 
(2)  includes  a  means  for  converting  a  serial 
input  to  a  parallel  output. 

5.  A  control  circuit  according  to  claim  1,  CHAR- 
ACTERIZED  IN  THAT  the  operating  switches 
(SW  1  -  SW  8)  are  provided  on  said  operating 
switch  unit  (3)  to  generate  command  signals 
for  controlling  operation  of  the  apparatus. 

6.  A  control  circuit  according  to  claim  1,  CHAR- 
ACTERIZED  IN  THAT  the  operating  switches 
(SW  1  -  SW  8)  are  put  to  a  reference  potential 
through  diodes  (D  1  -  D  8)  at  other  ends 

5  thereof. 

7.  A  control  circuit  according  to  claim  1,  CHAR- 
ACTERIZED  IN  THAT  the  indicator  devices 
(LED  1  -  LED  16)  are  light  emitting  diodes. 

10 
8.  A  control  circuit  according  to  claim  1,  CHAR- 

ACTERIZED  IN  THAT  the  indicator  devices 
(LED  1  -  LED  16)  are  lamps. 

is  9.  A  control  circuit  according  to  claim  1,  CHAR- 
ACTERIZED  IN  THAT  at  least  said  lighting 
indicator  unit  (1),  said  indicator  driver  unit  (2) 
and  said  operating  switch  unit  (3)  are  disposed 
on  a  single  printed  circuit  board. 

20 
10.  An  indicator  control  circuit  provided  with  a  plu- 

rality  of  indcator  devices  and  a  plurality  of 
switches,  for  lighting  the  indicator  devices  and 
sensing  switching  conditions  of  the  switches 

25  on  the  basis  of  a  control  signal  transmitted 
from  a  control  unit, 

CHARACTERIZED  IN  THAT 
said  control  circuit  is  provided  with  a 

serial-to-parallel  conversion  means  (11)  having 
30  input  terminals  (DATA,  CLK)  and  output  termi- 

nals  (Oi-Oig)  for  converting  a  serial  signal 
transmitted  from  the  control  unit  (13)  into  a 
parallel  signal,  and 

the  output  terminals  (d  -  Oig)  of  said 
35  serial-to-parallel  conversion  means  (11)  are 

connected  with  said  plurality  of  indicator  de- 
vices  (LED  1  -  LED  16),  which  are  put  to  a 
reference  potential  at  other  ends  thereof,  and 
some  output  terminals  (Og  -  Oig)  of  said  serial- 

40  to-parallel  conversion  means  (11)  are  further 
connected  with  said  plurality  of  switches  (SW  1 
-  SW  8),  to  which  a  switch  condition  sensing 
means  (R  25)  is  connected  at  other  ends 
thereof  on  a  common  basis,  while  said  switch 

45  condition  sensing  means  (R  25)  is  put  to  the 
reference  potential  at  another  end  thereof. 

11.  A  control  circuit  according  to  claim  10,  CHAR- 
ACTERIZED  IN  THAT  said  serial-to-parallel 

50  conversion  means  (11)  is  constructed  into  an 
integrated  circuit. 

12.  A  control  circuit  according  to  claim  10,  CHAR- 
ACTERIZED  IN  THAT  at  least  said  indicator 

55  devices  (LED  1-  LED  16),  said  switches  (SW  1 
-  SW  8)  and  said  serial-to-parallel  conversion 
means  (11)  are  disposed  on  a  single  printed 
circuit  board. 

7 
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13.  A  control  circuit  according  to  claim  12,  CHAR- 
ACTERIZED  IN  THAT  said  serial-to-parallel 
conversion  means  (11)  has  an  input  terminal 
(DATA)  to  receive  a  serial  signal  from  a  port 
(Pi)  of  said  control  unit  (13)  through  a  terminal  5 
(Ti)  of  the  printed  circuit  board. 

14.  A  control  circuit  according  to  claim  12,  CHAR- 
ACTERIZED  IN  THAT  said  switch  condition 
sensing  means  (R25)  transmits  switch  con-  10 
dition  sensing  information  (SW-DATA  signal) 
representative  of  a  sensed  condition  of  the 
switches  through  a  terminal  (T3)  of  the  printed 
circuit  board  to  a  port  (P3)  of  said  control  unit 
(13).  15 

15.  A  control  circuit  according  to  claim  10,  CHAR- 
ACTERIZED  IN  THAT  said  switch  condition 
sensing  means  is  a  resistance  (R25). 

20 
16.  A  control  circuit  according  to  claim  10,  CHAR- 

ACTERIZED  IN  THAT  said  switch  condition 
sensing  means  (R25)  is  a  sensor  comprising 
an  electromagnet  and  a  reed  switch. 

25 
17.  A  control  circuit  according  to  claim  10,  CHAR- 

ACTERIZED  IN  THAT  the  indicator  devices 
(LED  1  -  LED  16)  are  light  emitting  diodes. 

18.  A  control  circuit  according  to  claim  10,  CHAR-  30 
ACTERIZED  IN  THAT  the  indicator  devices 
(LED  1  -  LED  16)  are  incandescent  lamps. 

35 

40 

45 

50 

55 

10 

15 

20 

25 

8 



1  F 



E  
 ̂ < 

—  w  ro  ^  10  c 
Q  Q  Q  Q  Q  C 

1  

CO  (O 

3  _J  O  
■3  O  _J 

1̂ " 
E  

0  S  00 

to]  M a  

en  en  a  



o  
CD 

•  2   i t  

Q  
LU 
_l  

2 L L   J L J I  



Q  Q  \  
LU  LU 

^   CO  CO 
^   CO  CO 
CO  LU  LU 
_  tr  £ t  
9,  cl  Q_  3̂- y   LU  LU  >  

I I 



r  in  co  s-  a 
:lorl  orl  trl  o d a l o d o r i   a l c d   o:l  q:Iq 

f ® < k < k  

Q  Q  Q  Q  

2 !  
T i " |   |  1  1  I 

i  —  CM  to  1̂*  if)  CO 

l co i t  

> 
I 





c o c o c o t o c o c o c o c o  

L U L j J L l I L l I L U L l I L l I L i J  
C O C O C O C O C O C O C O C O  
—  ( N J r O ^ u O C D h - O O  

c o c o c o c o c o c o c o c o  

5   o o o o o o o o  

o   o o o o o o o o  

o   o o o o o o o o  

o   o o o o o o o o  

o   o o o o o o o o  

o   o o o o o o o o  

o   o o o o o o o o  

r - O   o o o o o o o o  
Z> 
[ h o   - o o o o o o o  
=>  o  
o o   O —   O O O O O O   j s ^ .  

6   o o   —  o o o o o  
CM  HMH 

5   o o o   —  o o o o   |  ,  
to 
6   o o o o   —  o o o  

6   o o o o o   —  o o  

o   o o o o o o   —  o  
(0 
6   o o o o o o o -  

CO 
r - . ^   X X X X X X X X  
= > 0   O O O O C D ^ C M -  
^   _l  o o ^ - c v j   —  O o o o  
—  o   o o o o o o o o  

CD  O O O O O O O O  

< 0 Q   O  O  LU  Ll  O  I  

15 

o o o  



_  

S i  

L 



10 

>  
CO 



5 ® <  
O  -  
Q  C 5  5  

CO 
o  

M o  

«)| 
o  

i  


	bibliography
	description
	claims
	drawings

