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An  exposure  device  with  an  aging  correction  system  for  an  LED  printer. 

©  An  aging  correction  system  for  an  LED  array 
(24-27)  in  a  printer,  in  which  each  LED  can  be 
energized  during  a  variable  time  and  in  which  a  light 
sensor  (42),  with  which  the  relative  light-output  of 
each  LED  can  be  measured  and  compared  with 
earlier  measured  values,  is  disposed  near  the  array, 
and  in  which  on  the  basis  of  these  measured  values 
a  new  correction  value  is  determined. 
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An  exposure  device  with  an  aging  correction  system  for  an  LEO  printer 

relative  light  intensity  of  each  LED  is  stored,  in  that 
the  memory  system  is  provided  with  an  aging  table 
in  which  periodically  the  light  intensity  of  each 
individual  LED  measured  by  the  light-sensor  is 

5  stored,  and  in  that  on  the  basis  of  the  data  in  the 
aging  table  and  the  corresponding  data  in  the  first 
table  the  control  device  determines  a  new  absolute 
correction  number  for  each  LED. 

Consequently,  in  the  event  of  aging,  the  new 
70  correction  numbers  by  means  of  which  the  light 

output  of  each  LED  is  kept  equal  over  its  lifetime 
are  automatically  determined  for  the  individual 
LED's.  It  is  known  indeed  from  US  4  588  883  to 
provide  an  array  of  LED's  on  a  substrate  with  a 

75  detector  for  measuring  the  light  intensity  of  each 
LED,  but  this  detector  has  the  same  length  as  the 
array  of  LED's  and  the  absolute  light  intensity  of 
each  LED  is  always  measured  by  means  of  this 
detector.  A  disadavantage  of  this  is  that  it  is  dif- 

20  ficult  to  ensure  equality  due  to  the  considerable 
length  of  the  detector.  Local  soiling  causes  consid- 
erable  inequalities.  Also,  each  LED  is  contained  in 
a  control  circuit,  the  current  through  the  LED  being 
adjusted  so  that  the  absolute  light  intensity  of  the 

25  LED  remains  constant.  Controlling  the  current 
through  an  LED  in  order  that  the  light  intensity  may 
remain  constant  has  the  disadvantage  that  particu- 
larly  at  high  switching  speeds  the  switching-on  time 
for  the  LED  varies  so  that  the  individual  image 

30  points  per  image  line  are  not  imaged  on  one  and 
the  same  line. 

The  invention  will  be  explained  hereinafter  with 
reference  to  a  number  of  drawings  in  which: 

Fig.  1  is  a  diagram  showing  a  control  device 
35  in  an  exposure  device  according  to  the  invention, 

and 
Fig.  2  is  a  top  plan  view  of  a  straight  array  of 

LED's  on  a  substrate. 

40  Fig.  1  illustrates  part  of  a  straight  array  of 
LED's  comprising  the  individual  LED's  24  to  27.  An 
array  of  LED's  of  this  kind  is  generally  constructed 
from  a  large  number  of  individual  LED's  at  a  den- 
sity  of  about  20  LED's  per  mm.  If  an  array  of  LED's 

45  of  this  kind  is  used  as  an  exposure  source  for  an 
electrophotographic  printer,  an  array  must  contain 
some  6  000  LED's.  The  array  is  disposed  at  a 
short  distance  from  the  photoconductive  layer.  Be- 
tween  the  array  and  the  photoconductive  layer 

so  there  is  disposed  an  array  of  imaging  glass  fibres 
which  can  form  an  image  of  each  LED  on  the 
photoconductor.  In  a  memory  10  there  is  stored  in 
a  correction  table  for  each  LED  24  to  27  a  four-bit 
absolute  number  which  is  related  to  the  energiza- 
tion  time  required  to  make  the  absolute  quantity  of 

This  invention  relates  to  an  exposure  device  for 
the  linewise  and  imagewise  exposure  of  a  pho- 
tosensitive  layer,  comprising:  an  array  of  LED's,  a 
control  device  adapted  to  energize  each  LED  in- 
dividually  for  a  variable  time  per  image  line  by 
means  of  an  absolute  correction  number,  and  a 
memory  system  in  which  there  is  stored  for  each 
LED  in  a  correction  table  the  absolute  correction 
number  which  is  related  to  the  energization  time 
required  in  order  that  the  absolute  quantity  of  light 
of  each  LED  on  the  photosensitive  layer  may  be 
made  equal  per  image  line. 

An  exposure  device  of  this  kind  is  known  from 
UK  Patent  Application  2  104  266. 

In  the  known  device,  the  absolute  light  intensity 
of  each  LED  on  the  photosensitive  layer  is  deter- 
mined  and  an  absolute  correction  number  is  de- 
rived  from  this  and  is  then  stored  in  a  memory. 
The  absolute  correction  number  is  used  to  en- 
ergize  each  individual  LED  per  image  line  for  a 
time  which  is  inversely  proportional  to  the  light 
intensity  of  said  LED.  In  this  way  the  LED's  are 
energized  with  pulse  time  modulation  and  each 
LED  delivers  the  same  amount  of  light  to  the 
photosensitive  layer  per  image  point. 

When  an  LED  is  used  aging  occurs,  the  emit- 
ted  quantity  of  light  decreasing  as  a  function  of  the 
period  of  use.  This  aging  will  not  be  equal  for  all 
the  LED's  because  the  period  of  use  of  each  in- 
dividual  LED  depends  on  the  information  content  of 
the  images  under  formation  and  also  because 
LED's  which  emit  less  light  per  image  line  have  to 
be  energized  longer  than  the  LED's  which  emit 
more  light.  Thus  after  a  number  of  hours  of  use  the 
absolute  correction  numbers  will  have  to  be  adapt- 
ed.  In  the  known  device,  accordingly,  the  absolute 
light  intensity  on  the  photosensitive  layer  contin- 
ually  has  to  be  re-determined.  This  means  that  a 
service  engineer  is  required  to  carry  out  an  ab- 
solute  light  measurement  of  each  LED  on  the  pho- 
tosensitive  layer  at  specific  intervals,  or  that  he  will 
have  to  remove  the  array  of  LED's  from  the  printer 
and  then  determine  the  absolute  correction  num- 
bers  in  a  test  rig. 

The  object  of  the  invention  is  to  obviate  this 
and  other  disadvantages.  According  to  the  inven- 
tion,  this  object  is  attained  in  an  exposure  device 
according  to  the  preamble,  in  that  near  the  array  of 
LED's  and  at  a  fixed  location  with  respect  thereto 
there  is  disposed  at  least  one  light-sensor  which  is 
smaller  than  the  array  of  LED's,  and  with  which  the 
relative  light  intensity  of  each  individual  LED  can 
be  measured,  in  that  the  memory  system  is  pro- 
vided  with  a  first  table  in  which  the  measured 
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light  on  the  photosensitive  layer  equal  per  image 
line.  The  absolute  correction  number  is  related  to 
the  absolute  light  intensity  of  an  LED.  When  the 
array  of  LED's  is  manufactured,  this  correction  ta- 
ble  is  compiled  in  a  test  rig  and  stored  in  the 
memory  10.  Control  device  42  is  connected  to  the 
memory  10  via  a  bus  system  43.  The  control 
device  42  can  call  up  the  four-bit  absolute  correc- 
tion  numbers  from  the  memory  and  feed  them 
serially  to  combination  circuit  11  via  bus  13.  This 
combination  circuit  11  comprises  a  D/A  converter 
in  which  a  four-bit  correction  number  is  converted 
to  a  corresponding  d.c.  voltage.  Via  line  12  an 
image  signal  is  also  fed  to  combination  circuit  11 
and  this  image  signal  is  multiplied  by  the  said  d.c. 
voltage.  If  the  image  signal  is  logic  1  then  the  d.c. 
signal  is  fed  via  line  14  to  an  analog  shift  register 
1  5.  If  the  image  signal  is  logic  0,  then  no  signal  is 
available  over  line  14.  The  memory  10  is  ad- 
dressed  by  the  control  device  42  in  synchronism 
with  the  image  signal  supplied.  The  analog  shift 
register  15  of  the  series-in  parallel-out  type  is  thus 
filled  with  the  data  concerning  a  complete  image- 
line.  Each  parallel  output  of  the  shift  register  15  is 
conneceted  to  an  input  of  one  of  the  comparator 
circuits  20  to  23.  Thus  the  output  of  place  16  of 
shift  register  15  is  connected  to  an  input  of  com- 
parator  circuit  20,  place  17  of  shift  register  15  to  an 
input  of  comparator  circuit  21  ,  and  so  on. 

The  outputs  of  the  comparator  circuits  20  to  23 
are  each  connected  to  an  LED  24  to  27.  For  each 
image  line  to  be  imaged  the  signal  generator  30 
delivers  a  trapezoidal  pulse  as  described  in  detail 
in  Netherlands  Patent  Application  8403926.  If  the 
value  of  the  output  signal  of  place  16  of  shift 
register  15  is  greater  than  the  instantaneous  value 
of  the  pulse  of  the  signal  generator  30,  the  output 
of  the  comparator  circuit  20  will  become  "high" 
and  LED  24  will  be  energized.  When  the  instanta- 
neous  value  of  the  pulse  of  signal  generator  30 
becomes  greater  than  the  value  of  the  output  signal 
16  of  the  shift  register  15,  the  output  of  the  com- 
parator  circuit  20  will  become  "low"  and  LED  24 
will  cut  off.  Similarly,  the  other  LED's  25  to  27  will 
be  energized  for  a  specific  time  per  image  line.  An 
adjustable  current  source  40  is  also  connected  to 
all  the  comparator  circuits,  by  means  of  which  ail 
the  LED's  are  subjected  to  an  identical  current  on 
energization. 

Near  the  array  of  LED's  there  is  disposed  a 
photodiode  41  with  which  the  relative  light  intensity 
of  each  LED  can  be  measured.  The  measured 
relative  light  intensity  signals  are  fed  via  an  A/D 
converter  46  to  the  control  device  42  and  are 
stored  in  a  first  table  of  memory  10.  This  first  table 
is  also  disposed  in  the  memory  during  the  manu- 
facture  of  the  array  of  LED's.  A  volatile  memory  44 
is  also  connected  to  the  control  device  42  via  bus 

45. 
When  the  printer  is  started  up,  the  relative  light 

intensity  of  each  LED  is  measured  by  means  of 
photodiode  41  and  stored  in  an  aging  table  in  the 

s  volatile  memory  44  by  the  A/D  converter  46  and 
control  device  42. 

During  printing  of  an  image,  the  contents  of  the 
first  memory  location  in  the  first  table  of  memory 
10  are  subjected,  by  the  control  device  42,  to 

io  division  by  the  contents  of  the  first  memory  loca- 
tion  of  the  aging  table  in  volatile  memory  44.  The 
quotient  obtained  is  multiplied  by  the  correspond- 
ing  four-bit  absolute  correction  number  in  the  con- 
trol  device  42.  The  resulting  new  absolute  correc- 

75  tion  number  is  fed  via  bus  13  to  combination  circuit 
11.  In  this  way,  new  absolute  correction  numbers 
are  derived  serially  for  all  the  LED's  20  to  23  and 
are  used  in  the  image-forming  operation. 

The  new  absolute  correction  numbers  need  not 
20  be  re-calculated  for  each  image  line.  Once  the 

numbers  have  been  determined  they  can  be 
placed  in  a  new  table  in  the  volatile  memory  44 
and  then  be  used  in  the  further  image-forming 
operation. 

25  Fig.  2.  shows  a  straight  partial  array  of  LED's 
53  disposed  on  a  substrate  50.  Some  of  the  cir- 
cuits  described  with  reference  to  Fig.  1  are  ac- 
comodated  in  IC's  51,52.  A  photodiode  41  is  also 
disposed  on  the  substrate  50. 

30  An  array  of  LED's  for  a  printer  is  generally 
assembled  from  a  number  of  individual  partial  ar- 
rays  each  disposed  on  a  substrate.  The  partial 
arrays  are  aligned  and  disposed  on  a  support.  In 
the  exposure  device  described,  each  partial  array 

35  of  LED's  is  provided  with  a  light-sensor  41  so  that 
a  number  of  light-sensors  occurs  over  the  entire 
array.  Each  light-sensor  is  used  to  measure  the 
relative  light  intensity  of  a  partial  array. 

The  absolute  correction  numbers  determined 
40  during  manufacture  and  the  relative  light  intensity 

measured  for  each  LED  are  stored  in  a  non-volatile 
memory  (EPROM).  This  non-volatile  memory  can 
also  be  disposed  on  the  support  50  and  may  form 
part  of  the  memory  10  described  with  respect  to 

45  Fig.  1  . 
The  exposure  device  according  to  the  invention 

can  also  be  provided  with  just  one  light-sensor 
disposed  outside  the  support.  The  relative  light 
intensity  of  each  LED  can  then  be  determined  with 

so  this  sensor.  The  new  absolute  correction  number 
as  determined  can  also  be  used  for  service  diagno- 
sis.  The  control  device  42  is  for  this  purpose  pro- 
vided  with  a  comparator  circuit  in  which  the  new 
absolute  correction  number  is  each  time  compared 

55  with  the  predetermined  value.  This  predetermined 
value  corresponds  to  a  one  hundred  percent  duty 
cycle,  or  continuous  "on"  if  a  number  of  image 
points  have  to  be  printed  successively. 
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3.  An  exposure  device  according  to  claim  1  or 
2,  characterised  in  that  the  control  device  (42) 
delivers  a  warning  signal  when  a  new  absolute 
correction  number  exceeds  a  predetermined  value. 

4.  A  partial  array  of  LED's  mounted  together 
with  its  associated  control  circuit  on  a  partial  sup- 
port,  characterised  in  that  a  light  sensor  is  dis- 
posed  on  the  partial  support  whereby  this  light 
sensor  is  smaller  than  the  array,  and  in  that  the 
control  circuit  comprises  a  memory  in  which  the 
aging  table  can  be  stored. 

If  the  value  of  the  new  absolute  correction 
number  becomes  greater  than  the  predetermined 
value,  the  control  device  delivers  a  warning  signal. 
The  printer  operator  can  in  this  way  see  that  the 
array  of  LED's  is  practically  due  for  replacement  5 
and  pass  this  to  the  service  organization. 

In  order  to  measure  the  aging  and/or  changes 
in  the  system,  an  extra  LED  can  be  disposed  on 
the  support,  this  extra  LED  not  being  used  for 
image  formation.  This  LED  is  only  used  as  a  refer-  10 
ence  light  source  in  order  periodically  to  test  the 
decline  or  soiling  of  the  light  sensor. 

The  invention  is  not  restricted  to  the  embodi- 
ment  of  the  exposure  device  described.  Ths  the 
entire  circuit  can  be  made  completely  digital  and  75 
the  skilled  addressee  will  be  able  to  make  nu- 
merous  variations  all  of  which,  however,  will  fall 
within  the  scope  of  the  following  claims. 

20 
Claims 

1.  An  exposure  device  for  the  linewise  and 
imagewise  exposure  of  a  photosensitive  layer, 
comprising:  25 
-  an  array  of  LED's  (24  to  27) 
-  a  control  device  (42)  adapted  to  energize  each 
LED  individually  for  a  variable  time  per  image  line 
by  means  of  an  absolute  correction  number, 
-and  a  memory  system  (10)  in  which  there  is  30 
stored  for  each  LED  in  a  correction  table  the  ab- 
solute  correction  number  which  is  related  to  the 
energization  time  required  in  order  that  the  ab- 
solute  quantity  of  light  of  each  LED  on  the  pho- 
tosensitive  layer  may  be  made  equal  per  image  35 
line, 
characterised  in  that  near  the  array  of  LED's  and  at 
a  fixed  location  with  respect  thereto  there  is  dis- 
posed  at  least  one  light-sensor  (41  )  which  is  small- 
er  than  the  array  of  LED's,  and  with  which  the  40 
relative  light  intensity  of  each  individual  LED  can 
be  measured,  in  that  the  memory  system  (10)  is 
provided  with  a  first  table  in  which  the  measured 
relative  light  intensity  of  each  LED  is  stored,  in  that 
the  memory  system  (10)  is  provided  with  an  aging  45 
table  in  which  periodically  the  light  intensity  of 
each  individual  LED  measured  by  the  light-sensor 
(41)  is  stored,  and  in  that  on  the  basis  of  the  data 
in  the  aging  table  and  the  corresponding  data  in 
the  first  table  the  control  device  (42)  determines  a  so 
new  absolute  correction  number  for  each  LED. 

2.  An  exposure  device  according  to  claim  1,  in 
which  the  array  of  LED's  is  assembled  from  a 
number  of  individual  partial  arrays  which  are  dis- 
posed  on  a  support  (50)  together  with  a  number  of  55 
control  circuits  (51,  52),  characterised  in  that  the 
light-sensor(s)  (41)  is/are  disposed  on  the  support 
(50). 
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