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Display  device  made  up  of  segments. 

F I G . / ,  ©  In  a  display  device  made  up  of  segments  (A-H) 
by  applying  drive  signals  to  selected  segments 
fixedly  associated  with  the  particular  valid  character 
to  be  represented  via  segment  drive  lines  (a1-h1,  a2- 
h2)  connected  to  the  segments  characters  of  a  pre- 
determined  subset  of  valid  characters  from  a  re- 
presentable  total  set  are  displayed.  Each  segment  is 
connected  to  a  first  segment  drive  line  (a1-h1)  and 
to  a  second  segment  drive  line  (a2-h2)  and  a  seg- 
ment  becoming  visible  only  when  a  drive  signal  is 
applied  to  both  segment  drive  lines  connected  to  the 
segment.  The  first  segment  drive  lines  of  a  plurality 
of  first  segment  groups  are  connected  together  and 
form  first  group  drive  lines  (S1-S4).  The  second 

^   segment  drive  lines  (a2-h2)  of  a  plurality  of  segment 
groups  are  likewise  connected  together  and  form 

W  second  group  drive  lines  (C0M1,  COM2).  The  seg- 
Sments   for  forming  the  segment  groups  are  selected 

in  such  a  manner  that  on  interruption  of  one  or  more 
^   group  drive  lines  and  on  application  of  the  drive 
{^signals  for  representing  a  character  no  other  char- 

acter  of  the  predetermined  sub  set  of  valid  char- 
^   acters  is  displayed. 
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Display  device  made  up  of  segments 

The  invention  relates  to  a  display  device  made 
up  of  segments  for  representing  a  predetermined 
subset  of  valid  characters  from  a  representable 
total  set  by  applying  drive  signals  to  selected  seg- 
ments  fixedly  associated  with  the  particular  valid 
character  to  be  represented  via  segment  drive  lines 
connected  to  the  segments,  a  first  and  a  second 
segment  drive  line  being  connected  to  each  seg- 
ment  and  a  segment  being  visible  only  when  a 
drive  signal  is  applied  to  both  segment  drive  lines 
connected  to  the  segment,  the  first  segment  drive 
lines  of  a  plurality  of  first  segment  groups  being 
connected  together  and  forming  first  group  drive 
lines  and  the  second  segment  drive  lines  of  a 
plurality  of  second  segment  groups  likewise  being 
connected  together  and  forming  second  group 
drive  lines. 

For  representing  characters  and  symbols,  inter 
aiia  also  measurement  results  in  the  form  of  digits 
on  measurement  instruments  and  meters,  display 
means  are  frequently  used  in  which  the  characters 
to  be  represented  are  made  up  using  individually 
actjvatabie  segments. 

Displays  of  this  kind  are  the  known  LED  dis- 
plays  or  also  the  liquid  crystal  displays  recently 
being  employed  to  an  ever  increasing  extent.  The 
most  widespread  form  of  such  displays  in  which 
the  characters  to  be  represented  are  made  up  of 
individually  activatable  segments  is  the  so  called  7 
segment  display  containing  seven  individually  ac- 
tivatable  segments;  usually,  these  displays  are  sup- 
plemented  by  an  eighth  segment  for  representing  a 
decimal  point. 

In  the  known  drive  means  each  segment  is 
connected  to  a  first  and  a  second  segment  drive 
line.  A  segment  is  made  visible  by  applying  a  drive 
signal  simultaneously  to  both  segment  drive  lines. 
To  reduce  the  number  of  lines  leading  to  the  dis- 
play  device  the  first  segment  drive  lines  of  a  plural- 
ity  of  segment  groups  are  connected  together,  the 
connected  lines  forming  a  group  drive  line  which 
leads  to  all  segments  of  the  particular  group.  The 
second  segment  drive  lines  of  a  plurality  of  second 
segment  groups  are  also  connected  together  and 
form  second  group  drive  lines.  The  various  seg- 
ments  of  the  first  segment  groups  belong  to  dif- 
ferent  second  segment  groups  so  that  in  spite  of 
the  combination  of  the  segment  drive  lines  to 
group  drive  lines  by  a  multiplex  drive  in  each  case 
selected  segments  associated  with  the  characters 
to  be  represented  can  be  made  visible. 

In  the  event  of  an  interruption  of  one  or  more 
group  drive  lines  it  can  occur  that  the  desired 
character  to  be  represented  is  not  displayed  but 
another  character  of  the  predetermined  subset  of 

valid  character.  When  using  the  display  device  in  a 
measuring  instrument  this  would  result  in  an  in- 
correct  measurement  reading.  It  is  superfluous  to 
mention  that  displaying  a  character  which  although 

5  it  belongs  to  the  subset  of  valid  character  is  the 
wrong  one  can  lead  in  certain  circum  stances  to 
serious  consequences. 

The  invention  is  therefore  based  on  the  prob- 
lem  of  further  developing  a  display  device  of  the 

10  type  outlined  at  the  beginning  in  such  a  manner 
that  an  incorrect  display  due  to  an  interruption  of 
one  or  more  group  drive  lines  is  immediately  rec- 
ognized  by  the  person  reading  the  instrument 

According  to  the  invention  this  problem  is 
75  solved  in  that  the  segments  for  forming  the  seg- 

ment  groups  are  selected  in  such  a  manner  that  on 
interruption  of  one  or  more  group  drive  lines  and 
on  application  of  the  drive  signals  for  representing 
a  character  no  other  character  of  the  predeter- 

20  mined  sub  set  of  valid  characters  is  displayed. 
In  the  display  means  according  to  the  invention 

by  the  particular  selection  of  the  segments  belong- 
ing  to  the  segment  groups  it  is  ensured  that  the 
interruption  of  a  group  drive  line  never  under  any 

25  circumstances  results  in  the  display  of  a  character 
which  although  it  belongs  to  the  subset  of  valid 
characters  does  not  correspond  to  the  character  to 
be  displayed. 

The  invention  will  be  explained  by  way  of  ex- 
30  ample  with  the  aid  of  the  drawings,  wherein: 

Fig.  1  is  an  illustration  of  the  arrangement  of 
seven  segments  A  to  G  of  a  display  device  for 
representing  the  digits  0  to  9,  an  eighth  segment  H 
being  added  for  representing  a  decimal  point, 

35  Rg.  2  is  a  table  from  which  it  can  be  seen 
which  segments  must  be  made  visible  for  repre- 
senting  the  digits  0  to  9  and  the  decimal  point  DP 
by  applying  corresponding  drive  signals, 

Rg.  3  is  a  table  which  shows  eight  variants 
40  for  forming  the  first  and  second  segment  groups 

and  their  association  with  the  group  drive  tines  for 
providing  a  display  means  according  to  the  inven- 
tion,  and 

Rg.  4  is  an  example  of  the  connection  of  the 
45  segments  to  the  drive  lines  and  the  corresponding 

combination  to  form  group  drive  lines  according  to 
the  variant  1.1  indicated  in  Rg.  3. 

Rg.  1  shows  a  typical  arrangement  of  seg- 
ments  of  a  display  device  as  widely  used  for  repre- 

50  senting  digits  in  clocks  or  measuring  instruments 
and  meters.  The  display  device  comprises  seven 
segments  A  to  Q  serving  to  represent  the  digits 
and  an  additional  segment  H  for  representing  a 
decimal  point.  To  each  segment  two  drive  lines  not 
illustrated  in  Fig.  1  lead,  a  segment  becoming 
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with  a  segment  in  accordance  with  the  table  of  Fig. 
2.  To  reduce  the  number  of  drive  lines  in  known 
manner  first  drive  lines  connected  to  predeter- 
mined  segments  are  combined  so  that  for  example 

5  four  first  group  drive  lines  are  formed.  The  second 
drive  lines  of  each  segment  are  also  combined  in 
groups  so  that  two  second  group  drive  lines  are 
formed.  By  applying  the  drive  signals  in  a  predeter- 
mined  time  sequence  to  the  group  drive  lines,  as 

10  with  the  provision  of  sixteen  drive  lines,  the  neces- 
sary  potential  differences  can  be  applied  to  the 
particular  segments  to  be  made  visible.  This  type 
of  drive  of  a  display  device  of  the  type  outlined  is 
known;  it  is  referred  to  as  multiplex  drive  and 

75  consequently  need  not  be  described  in  detail  here. 
If  in  a  display  device  of  the  type  described  one 

of  the  group  drive  lines  is  interrupted  it  may  hap- 
pen  that  it  is  not  the  desired  character  which  is 
displayed  but  another  character  of  the  subset  of 

20  valid  characters.  As  example  the  representation  of 
the  digit  7  will  be  considered.  As  apparent  from  the 
table  of  Fig.  2  to  represent  the  digit  7  the  segments 
A,  B  and  C  must  be  made  visible.  If  due  to  a  fault 
the  group  drive  line  responsible  for  diving  the  seg- 

25  ment  A  is  interrupted  the  digit  7  will  no  longer  be 
displayed  but  the  digit  1  ,  for  which  according  to  the 
table-  of  Fig.  2  the  segments  B  and  C  must  be 
made  visible.  The  interruption  of  a  group  drive  line 
thus  results  in  a  digit  being  displayed  which  al- 

30  though  it  belongs  to  the  subset  of  the  valid  char- 
acters  is  not  the  same  as  the  digit  which  should 
really  have  been  displayed.  When  using  the  dis- 
play  device  in  a  measuring  instrument  this  display 
of  the  wrong  digit  can  lead  to  extremely  undesira- 

35  ble  consequences. 
If  the  first  and  second  group  lines  are  com- 

bined  to  form  the  first  and  second  group  drive  lines 
in  the  manner  illustrated  in  the  table  of  Fig.  3,  the 
result  is  that  when  a  group  drive  line  is  interrupted 

40  which  leads  to  a  segment  which  has  to  be  ren- 
dered  visible  in  the  character  to  be  represented  the 
display  of  any  other  character  of  the  subset  of  valid 
characters  is  avoided  with  certainty. 

The  meaning  of  the  table  of  Fig.  3  will  now  be 
45  explained  with  the  aid  of  the  display  device  illus- 

trated  in  Fig.  4  in  which  all  the  drive  lines  and 
group  drive  lines  are  also  indicated.  The  first  drive 
lines  connected  directly  to  the  segments  are  des- 
ignated  by  a1,  b1,  c1,  d1,  e1,  f1,  g1  and  hi.  The 

so  second  drive  lines  are  designated  by  a2,  b2,  c2, 
d2,  e2,  f2,  g2  and  h2. 

In  the  table  of  Fig.  3  eight  variants  are  in- 
dicated  with  regard  to  how  the  first  and  second 
drive  lines  of  the  segments  are  combined  to  form 

55  group  drive  lines  so  that  the  aforementioned  disad- 
vantageous  effect  of  the  interruption  of  a  group 
drive  line  no  longer  occurs,  the  person  taking  the 
reading  being  able  to  recognize  that  the  drivê   de- 

visible  in  the  display  device  whenever  between  the 
two  drive  lines  a  predetermined  potential  difference 
is  present  .  For  example,  the  one  drive  line  in  each 
case  may  be  the  ground  line  whilst  a  positive 
voltage  is  applied  to  the  other  drive  line  to  make  a 
selected  segment  visible.  The  segments  may  be 
light-emitting  diodes  formed  by  a  semiconductor 
material  and  emitting  light  when  said  potential  dif- 
ference  is  established  between  the  two  drive  lines. 
The  segments  may  however  also  be  implemented 
with  the  aid  of  a  liquid  crystal  material  whose 
behaviour  and  possible  uses  are  well  known.  For 
example,  a  liquid  crystal  material  may  be  chosen 
which  is  light-permeable  but  under  the  action  of  an 
electrical  field  becomes  light-impermeable.  To  form 
the  segments  the  liquid  crystal  material  is  embed- 
ded  in  a  thin  layer  between  two  plates,  at  least  the 
upper  plate  consisting  of  glass  and  having  metal 
electrodes  in  the  form  of  the  segments  to  be 
formed  vapour  deposited  on  its  side  facing  the 
liquid  crystal  material.  Metal  electrodes  are  also 
provided  on  the  side  of  the  plate  adjacent  the  layer 
formed  by  the  liquid  crystal  material  so  that  by 
applying  corresponding  potentials  in  the  liquid  cry- 
stal  material  an  electrical  field  can  be  generated 
which  causes  the  aforementioned  transition  of  the 
material  from  the  light-permeable  state  to  the  light- 
impermeable  state. 

The  table  of  Fig.  2  indicates  to  which  segments 
a  potential  difference  must  be  applied  via  the  drive 
lines  in  order  to  make  one  of  the  digits  0  to  9  or 
the  decimal  point  DP  visible.  To  represent  the  digit 
0  for  example  the  segments  A,  B,  C,  D,  E  and  F 
must  be  visible.  To  represent  the  digit  7  the  seg- 
ments  A,  B  and  C  must  be  made  visible.  The  same 
applies  to  the  other  digits.  The  table  of  Fig.  2 
shows  a  subset  of  characters  of  a  representable 
total  set  which  are  assumed  here  to  be  considered 
the  valid  characters.  This  means  that  the  valid 
characters  are  the  digits  0  to  9  and  the  decimal 
point.  Apart  from  the  digits  0  to  9  and  the  decimal 
point  other  characters  can  also  be  represented  but 
it  is  assumed  that  these  characters  belong  to  the 
subset  of  the  invalid  characters.  The  subset  of  the 
invalid  characters  includes  for  example  the  letters 
A,  C,  E,  F,  H,  b,  c,  d.  For  example,  for  representing 
the  character  H  the  segments  B,  C,  E,  F,  G  must 
be  made  visible.  For  representing  the  letter  c  the 
segments  D,  E  and  G  must  be  made  visible.  For 
the  other  characters  defined  to  be  invalid  cor- 
responding  other  combinations  of  segments  are  to 
be  made  visible. 

Since  for  each  segment  of  the  display  device 
two  drive  lines  are  required,  the  display  device  of 
Fig.  1  requires  in  principle  sixteen  drive  lines  in 
order  for  each  individual  segment  to  be  made 
visible  in  selected  manner  by  applying  the  potential 
difference  to  two  respective  drive  lines  associated 
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vice  is  defective.  In  particular,  in  the  table  of  Fig.  3 
in  the  case  of  the  group  drive  lines  S1  to  S4  the 
segments  whose  first  drive  lines  are  to  be  respec- 
tively  connected  together  to  form  the  correspond- 
ing  group  drive  line  are  indicated.  In  conjunction 
with  the  group  drive  lines  C0M1  and  COM2  the 
segments  are  indicated  whose  second  drive  lines 
are  to  be  connected  together  to  form  the  group 
drive  lines.  This  means  in  effect  that  for  the  variant 
1.1,  shown  in  detail  in  Fig.  4,  to  form  the  group 
drive  lines  S1  the  first  drive  lines  a1  and  b1  of  the 
segments  A  and  B  are  to  be  connected  together,  to 
form  the  group  drive  line  S2  the  first  drive  lines  d  
and  hi  of  the  segments  C  and  H,  to  form  the  group 
drive  line  S3  the  .first  drive  lines  d1  and  f1  of  the 
segments  D  and  F  and  to  form  the  group  line  S4 
the  first  drive  lines  e1  and  g1  of  the  segments  E 
and  G.  To  form  the  group  drive  line  C0M1  the 
second  drive  lines  of  the  segments  A,  C,  D  and  E 
are  to  be  connected  together  whilst  to  form  the 
group  drive  line  COM2  the  second  drive  lines  of 
the  segments  B,  F,  G  and  H  are  to  be  connected 
together.  It  is  also  apparent  from  the  table  of  Fig.  3 
for  the  other  variants  of  which  segments  the  first 
and  second  drive  lines  are  to  be  connected  to- 
gether  to  form  the  corresponding  group  drive  lines. 

If  in  the  display  device  according  to  the  variant 
1.1  shown  in  Fig.  4  the  digit  7  is  to  be  represented, 
the  segments  A,  B  and  C  must  be  made  visible. 
This  is  done  in  that  taking  account  of  the  multiplex 
drive  mentioned  above  in  selected  manner-  in  suc- 
cession  potential  differences  are  generated  be- 
tween  the  group  control  lines  S1  to  S4  and  C0M1  , 
COM2.  For  the  case  of  the  digit  7  firstly  a  potential 
difference  is  generated  between  the  group  drive 
line  COM1  on  the  one  hand  and  the  group  drive 
lines  S1  and  S2  on  the  other.  This  results  in  the 
segments  A  and  C  becoming  visible.  Thereafter  a 
potential  difference  is  generated  between  the  group 
drive  line  COM2  and  the  group  drive  line  S1, 
resulting  in  the  segment  B  becoming  visible.  The 
application  of  the  potential  differences  in  the  man- 
ner  outlined  is  carried  out  alternately  at  such  a  high 
frequency  that  a  flicker-free  display  is  obtained. 
When  the  potential  differences  are  applied  in  the 
manner  outlined  the  condition  of  the  table  of  Fig.  2 
is  fulfilled  for  the  representation  of  the  digit  7,  i.e. 
the  segments  A,  B  and  C  must  be  made  visible. 

If  in  the  example  outlined  the  group  drive  line 
S1  is  interrupted  because  of  a  fault,  the  segment  A 
on  application  of  the  potential  difference  between 
the  group  drive  lines  COM1  and  S1  does  not 
become  visible  and  on  subsequent  application  of 
the  potential  difference  between  the  group  drive 
line  COM  2  and  the  group  drive  line  S1  the  seg- 
ment  B  does  not  become  visible.  Since  therefore 
only  the  segment  C  becomes  visible,  the  person 
reading  the  display  can  see  that  there  is  a  defect  in 

the  display  device.  The  interruption  of  the  group 
control  line  S1  does  not  lead  to  another  character 
of  the  assignment  table  of  Fig.  2  being  repre- 
sented.  Display  of  segment  C  which  becomes  visi- 

s  ble  is  one  of  the  invalid  characters  by  means  of 
which  the  person  reading  the  display  can  recognise 
the  presence  of  a  fault. 

If  in  the  present  example  the  group  drive  line 
S2  or  the  group  drive  line  S4  is  interrupted,  this 

io  has  no  effect  on  the  representation  of  the  digit  7  to 
be  displayed  because  these  group  drive  lines  are 
associated  with  segments  not  required  for  the  re- 
presentation  of  the  digit  7.  The  display  device 
therefore  correctly  displays  the  digit  7  and  it  is 

75  therefore  not  necessary  to  draw  the  attention  of  the 
person  reading  the  device  to  a  fault.  Only  when  a 
digit  is  to  be  represented  in  which  segments  asso- 
ciated  with  the  group  drive  lines  S3  and  S4  are  to 
be  made  visible,  the  person  reading  the  device  can 

20  recognise  the  fault.  This  can  be  illustrated  with  the 
aid  of  a  further  example.  For  representing  the  digit 
4  according  to  the  table  of  Fig.  2  the  segments  B, 
C,  F  and  G  must  be  made  visible.  To  achieve  this 
in  succession  alternately  potential  differences  are 

25  applied  between  the  group  drive  line  COM!  and 
the  group  control  line  S2  and  between  the  group 
drive  line  COM2  and  the  group  drive  lines  S1,  S3 
and  S4.  If  in  this  example  the  group  drive  line  S3  is 
interrupted,  the  segment  F  is  no  longer  visible  so 

30  that  none  of  the  digits  indicated  in  the  table  of  Rg. 
2  can  be  represented.  The  segments  B,  C  and  G 
made  visible  do  not  give  a  character  from  the 
subset  of  valid  characters  and  consequently  the 
person  reading  the  device  can  immediately  detect 

35  the  presence  of  a  fault. 
The  display  device  described  also  comprises  a 

separate  segment  H  for  the  representation  of  a 
decimal  point  and  this  segment  H  is  also  included 
in  the  fail  safe  function.  This  means  that  whenever 

4o  it  is  desired  to  represent  digits  with  a  decimal 
point,  only  a  representation  with  decimal  point  is 
considered  a  valid  display.  When  the  decimal  point 
is  not  present  this  means  that  one  of  the  group 
drive  lines  is  interrupted. 

45  For  the  variants  1.2  to  2.4  examples  could  be 
given  like  the  examples  described  above  in  con- 
junction  with  variant  1.1.  However,  in  all  cases  the 
objective  is  achieved,  i.e.  on  failure  of  a  group 
drive  line  no  other  character  from  the  subset  of  the 

50  valid  characters  can  be  displayed. 

Claims 

55  1.  Display  device  made  up  of  segments  for 
representing  a  predetermined  subset  of  valid  char- 
acters  from  a  representabie  total  set  by  applying 
drive  signals  to  selected  segments  fixedly  asso- 
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ciated  with  the  particular  valid  character  to  be  re- 
presented  via  segment  drive  lines  connected  to  the 
segments,  a  first  and  a  second  segment  drive  line 
being  connected  to  each  segment  and  a  segment 
being  visible  only  when  a  drive  signal  is  applied  to  5 
both  segment  drive  lines  connected  to  the  seg- 
ment,  the  first  segment  drive  lines  of  a  plurality  of 
first  segment  groups  being  connected  together  and 
forming  first  group  drive  lines  and  the  second  seg- 
ment  drive  lines  of  a  plurality  of  second  segment  10 
groups  likewise  being  connected  together  and  for- 
ming  second  group  drive  lines,  characterized  in 
that  the  segments  (A-H)  for  forming  the  segment 
groups  are  selected  in  such  a  manner  that  on 
interruption  of  one  or  more  group  drive  lines  (S1-  75 
S4,  C0M1  ,  COM2)  and  on  application  of  the  drive 
signals  for  representing  a  character  no  other  char- 
acter  of  the  predetermined  sub  set  of  valid  char- 
acters  is  displayed. 

2.  Display  device  according  to  claim  1,  char-  20 
acterized  in  that  seven  segments  (A-G)  are  pro- 
vided  for  representing  the  digits  0  to  9  and  one 
segment  (H)  for  representing  a  decimal  point  (DP). 

3.  Display  device  according  to  claim  2,  char- 
acterized  in  that  four  first  segment  groups  each  25 
comprising  two  segments  are  in  connection  in  each 
case  with  a  first  group  drive  line  (S1,  S2,  S3,  S4), 
that  two  second  segment  groups  each  comprising 
four  segments  are  in  connection  in  each  case  with 
a  second  group  drive  line  (C0M1  ,  COM2)  and  that  30 
the  two  segments  of  each  first  segment  group  each 
belong  to  a  different  one  of  the  two  second  seg- 
ment  groups. 
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