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(54)  Process  control  of  an  electrophotographic  device 

(57)  A  method  is  described  to  control  the  density  of 
microdots  produced  by  a  binary  or  multilevel  electropho- 
tographic  device.  In  one  example,  the  toner  concentra- 
tion  in  a  two-component  developing  system  is  modified 
as  to  keep  the  toner  charge  Q/M  approximately  con- 

44 ,  

stant.  The  toner  charge  is  indirectly  assessed.  This 
allows  to  achieve  consistent  output  densities,  irrespec- 
tive  of  the  environmental  parameters,  such  as  relative 
humidity  and  temperature. 

RH a+b*RH 

M/A 
vdev' 

Q/M= 
f(M/A.  Vdev) 

43 
)  

f - \   —   ̂  

j  PID con  trol 

CD 
CD 
CD 

CO 
O  
Q_ 
LU 

Printed  by  Xerox  (UK)  Business  Services 
2.15.8/3.4 



1 EP  0  819  991  A1 2 

Description formally  expressed  as  : 

Field  of  the  invention 

The  present  invention  relates  to  devices  and  meth- 
ods  for  an  image  forming  apparatus,  such  as  an  electro- 
photographic  digital  copying  machine  or  digital  printer 
with  a  two-component  development  system. 

Background  of  the  invention 

One  of  the  main  factors  to  quantify  the  quality  of  a 
printed  image  is  the  tone  scale  representation, 
expressed  by  the  optical  density  range  and  the  exact- 
ness  and  stability  of  the  contone  rendering.  In  a  digital 
printing  machine,  such  as  an  electrophotographic 
engine,  each  tone  of  a  contone  image  is  produced  by  a 
certain  spatial  combination  of  some  or  all  of  the  availa- 
ble  tones  per  pixel.  This  process  is  referred  to  as 
screening.  The  set  of  tones,  available  in  the  machine,  is 
defined  by  the  properties  of  the  exposure  device.  For 
instance,  in  an  electrophotographic  printer  that  uses  a 
binary  exposure  device,  only  two  tones  (black  and 
white)  are  available  to  the  screening  algorithm  to  repro- 
duce  a  contone  image.  In  some  machines  however, 
multiple  tone  levels  are  available  to  the  screening  proc- 
ess  by  applying  area  or  intensity  modulation  on  the  out- 
put  spot  of  the  exposure  device  (see  below).  As 
screening  is  well-defined  and,  by  its  nature,  perfectly 
repeatable,  the  image  quality  of  the  engine  is  largely 
determined  by  the  ability  to  reproduce  the  set  of  tones. 
In  an  electrophotographic  engine  the  contone  density  of 
each  microdot  is  determined  by  the  mass  of  toner  per 
unit  area  transferred  to  paper.  This  toner  mass,  referred 
to  as  M/A  and  expressed  in  mg/cm2,  is  a  function  of  an 
almost  limitless  amount  of  parameters.  Most  of  these 
parameters  can  be  regarded  as  fixed  by  design  and 
thus  invariable  during  the  operation  of  the  engine.  Some 
however  are  extremely  variable.  The  most  important  in  a 
two-component  developer  system  are  : 

toner  concentration  (TC)  =  the  ratio  of  the  amount 
of  toner  and  the  amount  of  carrier  available  in  the 
developing  unit  in  a  two-component  system, 
toner  charge  per  unit  of  mass  (Q/M),  expressed  in 
nC/g. 
development  potential  (VDEV),  expressed  in  Volt  = 
the  potential  difference  VE-VB  over  the  develop- 
ment  gap  between  the  developer  supply  roller  (bias 
voltage  VB)  and  the  photosensitive  element  (volt- 
age  after  exposure  VE)  upon  which  a  latent  image  is 
present.  The  photosensitive  element  is  mostly 
implemented  as  an  Organic  Photoconductor  or 
OPC. 
transfer  efficiency  (TE),  expressed  in  %  :  the  ratio  of 
the  amount  of  toner  transferred  to  the  printing 
medium  and  the  amount  of  toner  developed  on  the 
photosensitive  element.  This  dependency  can  be 

M/A  =  f  (  TC,  Q/M,  VDEV,  TE) 

5  and  is  generally  referred  to  as  the  developability 
and  transferability  f()  of  the  toner. 

In  an  electrophotographic  engine,  the  reproduction  of 
multiple  tones  is  highly  sensitive  to  each  of  these  varia- 

10  bles.  Toner  concentration  TC  changes  during  engine 
operation  due  to  depletion  of  toner  caused  by  image 
development  and  toner  addition  under  control  of  the 
engine.  Toner  charge  Q/M  is  determined  by  : 

15  -  the  triboelectric  properties  of  toner  and  carrier, 
toner  concentration  TC, 
relative  humidity  RH  of  the  air  in  the  developing 
unit, 
agitation  of  developer  in  the  developing  unit. 

20 
When  the  developer  is  properly  agitated,  an  unambigu- 
ous  relationship  can  be  found  between  Q/M,  TC  and 
RH.  The  development  potential  VDEV  is  determined  by  : 

25  -  the  initial  charge  level  Vc  of  the  OPC, 
the  bias  voltage  VB  applied  to  the  toner  supply  roller 
of  the  developing  unit  and 
the  intensity  EEXp  of  the  image  dependent  illumina- 
tion  of  the  photosensitive  element. 

30 
Transfer  efficiency  TE  on  its  turn  is,  amongst  other  fac- 
tors,  determined  by  : 

toner  charge  Q/M, 
35  -  amount  of  toner  on  the  photosensitive  element  and 

the  value  of  the  electric  field  in  the  transfer  zone. 

Present  electrophotographic  machines  maintain  the 
optical  density  of  their  produced  tones  by  keeping  toner 

40  concentration  TC  at  a  constant  level.  For  this  purpose 
they  use  a  toner  concentration  sensor  in  the  developing 
unit,  or  a  density  sensor  that  measures  the  density 
Dqpc  developed  on  the  OPC,  or  both.  Changes  of  the 
toner  charge  Q/M,  due  to  relative  humidity  RH  or  varia- 

45  tions  of  RH  are  compensated  for  by  changing  the  devel- 
opment  potential  VDEV  and  the  value  of  the  transfer 
electric  field.  Disadvantages  of  this  technique  are  : 

extremely  low  toner  charge  Q/M  at  high  relative 
so  humidity  RH,  leading  to  an  increase  in  dust  produc- 

tion,  fogging  and  possibly  inconsistent  transfer 
quality  over  the  whole  tone  scale, 
extremely  high  toner  charge  at  low  relative  humidity, 
decreasing  the  developability  of  the  toner.  This 

55  requires  large  electric  fields  in  the  developing  stage 
and  consequently  implies  more  powerful  engine 
hardware. 

2 
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Furthermore,  it  can  be  shown  that  for  a  two-component 
developing  system,  the  development  of  the  latent  image 
is  almost  purely  driven  by  toner  charge  Q/M.  Therefore 
toner  charge  Q/M  would  be  a  valuable  input  to  any  proc- 
ess  control  system  for  steering  the  electrophotographic  5 
process.  Generally,  online  toner  charge  measurement 
Q/M  can  not  be  implemented  easily  without  the  need  for 
high  precision  measurement  hardware,  which  leads  to 
an  increase  in  system  variable  cost.  As  stated  before, 
producing  several  tones  in  an  electrophotographic  w 
engine  can  be  done  by  area  modulation  or  by  intensity 
modulation  of  the  light  beam  of  the  exposure  device  (or 
by  any  combination  of  both).  In  this  way,  a  set  of  micro- 
scopic  tones  at  the  pixel  or  microdot  level  are  created. 
These  form  a  microscopic  gradation  that  has  to  be  kept  75 
constant  for  the  contone  rendering,  handled  by  the 
screening  process,  to  be  repeatable. 

potential  of  the  OPC  1  .  The  apparatus  preferably  also 
contains  a  toner  concentration  sensor  16,  preferentially 
located  in  the  developing  system  5.  The  developability 
and  transferability  of  the  toner  particles  are  maintained 
over  the  complete  range  of  environmental  conditions, 
developer  lifetime,  etc.  by  keeping  the  charge  of  the 
toner,  Q/M,  within  a  narrow  range.  This  range  is  defined 
by  the  unambiguous  relationship  between  Q/M,  TC  and 
RH  and  the  range  for  TC  that  can  be  allowed  without 
penalizing  developer  lifetime.  By  changing  the  toner 
concentration  TC  by  means  of  toner  addition  or  toner 
depletion  during  operation  of  the  engine,  toner  charge 
Q/M  can  be  maintained  at  its  required  level.  Toner 
charge  Q/M  may  be  indirectly  measured,  based  upon 
the  unambiguous  relationship  that  exists  between  M/A, 
Q/M  and  VDEV,  for  that  range  of  M/A  where  development 
is  not  limited  by  toner  supply  (low-  and  midtones). 

Objects  of  the  invention 

It  is  therefore  a  first  object  of  the  present  invention 
to  provide  a  process  control  method  that  maintains 
quality  contone  rendering  and  at  the  same  time  avoids 
negative  effects  such  as  excessive  dust  creation,  fog- 
ging,  deteriorated  transfer  on  paper  and  necessity  of 
strong  electric  fields. 

It  is  a  further  object  of  the  invention  to  provide  a 
method  of  measuring  toner  charge  Q/M,  online  in  the 
engine,  without  the  need  for  any  extra  external  hard- 
ware  in  the  form  of  sensors  or  other  measuring  devices. 

Further  objects  and  advantages  of  the  invention  will 
become  apparent  from  the  description  hereinafter. 

Summary  of  the  invention 

The  above  mentioned  objects  are  realised  by  the 
specific  features  according  to  claim  1.  Preferred  fea- 
tures  of  the  invention  are  set  out  in  the  dependent 
claims. 

These  objects  can  be  accomplished  according  to 
the  present  invention  by  an  electrophotographic  image 
forming  apparatus  as  shown  in  Fig.  3.  This  apparatus 
comprises  a  charging  device  2,  such  as  a  scorotron, 
that  charges  a  photosensitive  element  1,  such  as  an 
Organic  Photo  conductor  (OPC).  The  charged  photo- 
conductor  1  is  exposed  by  an  exposure  device  3,  such 
as  a  LASER,  an  LED-array,  a  spatial  light  modulator 
(like  a  DMD  :  deflective  mirror  device)  etc.,  to  form  a 
latent  image.  The  latent  image  is  developed  by  a  two- 
component  developing  system  to  form  a  toner  image. 
The  toner  image  is  transferred  to  an  output  medium  22 
such  as  paper  or  transparency  and  fused  by  applying 
heat  and/or  mechanical  pressure.  The  apparatus  prefer- 
entially  comprises  a  densitometer  6  that  measures  the 
optical  density  D  of  the  image  developed  on  the  OPC, 
preferably  to  correct  the  developing  process  for  possible 
deviations.  The  apparatus  contains  a  contact-less  elec- 
trostatic  voltage  sensor  4  that  measures  the  surface 

Detailed  description  of  the  invention 

The  invention  is  described  hereinafter  by  way  of 
examples  with  reference  to  the  accompanying  figures 
wherein  : 

Fig.  1  is  a  graph  representing  measured  points  of 
developability  curves  typical  for  a  two-com- 
ponent  developer  for  various  toner  concen- 
tration  values  TC  and  different  relative 
humidity  values  RH  ; 

Fig.  2  is  a  graph  representing  the  toner  charge  per 
unit  of  mass  Q/M  of  the  toner  in  a  two-com- 
ponent  developer  system  as  a  function  of 
the  toner  concentration  TC,  with  relative 
humidity  RH  as  parameter  ; 

Fig.  3  represents  an  electrophotographic  engine 
suitable  for  the  current  invention  ; 

Fig.  4  represents  a  closed  loop  control  system  for 
regulating  toner  charge  Q/M  ; 

Fig.  5a  represents  the  discharge  potential  VE  after 
exposure  of  the  photosensitive  element  1  by 
the  exposure  device  3,  as  a  function  of  the 
amount  of  exposure  energy  EEXp  along  with 
a  reference  to  the  bias  potential  VB  =  -200  V 
and  the  charge  potential  Vc  =  -  300  V  ; 

Fig.  5b  represents  the  development  potential 
VDEV  =  VE-VB  as  a  function  of  the  expo- 
sure  energy  EEXp  for  a  charge  potential  Vc 
=  -  300  V  ; 

Fig.  5c  represents  the  transmission  density  DTRANS 
as  a  function  of  the  exposure  energy  EEXP 
for  a  charge  potential  Vc  =  -  300  V. 

Fig.  5d  represents  the  discharge  potential  VE  after 
exposure  of  the  photosensitive  element  1  by 
the  exposure  device  3,  as  a  function  of  the 
amount  of  exposure  energy  EEXP  along  with 
a  reference  to  the  bias  potential  VB  =  -  400 
V  and  the  charge  potential  Vc  =  -  500  V  ; 

Fig.  5e  represents  the  development  potential 
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VDEV  =  VE-VB  as  a  function  of  the  expo- 
sure  energy  EEXp  for  a  charge  potential  Vc 
=  -  500  V  ; 

Fig.  5f  represents  the  transmission  density  DTRANS 
as  a  function  of  the  exposure  energy  EEXp  s 
for  a  charge  potential  Vc  =  -  500  V  ; 

Fig.  6  shows  the  density  DQpc  of  10  patches,  as 
recorded  with  a  densitometer,  in  a  1  0  step 
wedge  with  respect  to  relative  exposure 
energy  EEXP/(EEXP)MAX  ;  w 

While  the  present  invention  will  hereinafter  be 
described  in  connection  with  preferred  embodiments 
thereof,  it  will  be  understood  that  it  is  not  intended  to 
limit  the  invention  to  those  embodiments.  On  the  con-  is 
trary,  it  is  intended  to  cover  all  alternatives,  modifica- 
tions,  and  equivalents  which  are  included  within  the 
scope  of  the  invention  as  defined  by  the  appending 
claims. 

20 
Electrophotographic  engine 

The  most  important  components  of  an  electropho- 
tographic  imaging  apparatus  suitable  for  the  current 
invention  are  shown  in  Fig.  3.  A  photosensitive  element  25 
1  ,  such  as  an  OPC,  is  charged  by  a  charging  device  2 
(such  as  a  scorotron)  and  exposed  by  an  exposure 
device  3  (laser  scan  system,  LED-array,  DMD,  etc.).  The 
exposure  device  3  is  capable  of  generating  more  than 
one  exposure  energy  level  EEXP  per  pixel.  For  instance  30 
a  binary  device  can  image  two  levels  (0  and  some  other 
level  different  from  0),  a  16-level  (4  bit/pixel  information) 
exposure  device  can  generate  1  6  distinguishable  levels 
per  pixel  (including  0),  etc.  The  exposure  device  3 
receives  image  data  33  from  an  image  processing  unit  35 
14,  generally  called  a  RIP  or  Raster  Image  Processor, 
which  translates  image  data,  presented  in  a  page 
description  language,  to  a  bitmap.  The  bitmap  contains 
the  required  exposure  tone  level  I  for  each  pixel  in  the 
image.  Inside  the  exposure  device  3  there  is  preferably  40 
a  translation  table  1  5  (look-up-table  or  LUT)  to  translate 
the  data  in  the  bitmap  to  physical  exposure  energy  lev- 
els  EEXP  The  effect  of  charging  to  a  charge  voltage  Vc 
and  subsequently  discharging  by  exposure  EEXP  can  be 
measured  by  a  contact-less  electrostatic  voltage  sensor  45 
4.  The  resultant  latent  image  is  developed  by  a  two- 
component  developing  system  5.  Charged  toner  parti- 
cles  are  transferred  from  the  magnetic  brush  8  to  the 
OPC  surface  by  the  force  of  the  electric  field  VDEV 
present  between  the  OPC  surface  at  potential  VE  and  so 
the  surface  of  the  magnetic  roller  at  potential  VB.  The 
density  DQpc  31  of  the  developed  image  can  be  meas- 
ured  with  a  densitometer  6  focused  on  the  OPC  surface. 
The  engine  comprises  a  toner  container  12  from  which 
toner  can  be  added  to  the  developing  unit  5  through  a  55 
control  means  13.  The  developing  unit  5  further  prefera- 
bly  contains  a  toner  concentration  sensor  16  which  is 
merely  used  as  a  watchdog  for  detecting  extreme  toner 

concentration  values.  The  toner  image  is  transferred  to 
a  medium  7  (paper,  transparency,  etc.).  The  engine  also 
contains  an  environmental  sensor  9  (referred  to  as 
RH/T  sensor)  that  senses  both  relative  humidity  RH  and 
temperature  T.  Toner  particles  that  are  not  transferred  to 
the  medium  7  are  scraped  from  the  OPC  by  a  cleaner 
system  1  1  and  dumped  into  the  toner  waste  box  1  0. 

Definitions  of  terms  (see  Fig.  3) 

The  charge  potential  (Vc  23)  of  the  OPC  is  defined 
as  the  surface  voltage  with  respect  to  ground  after 
charging  the  OPC  by  means  of  a  charging  device  2 
such  as  a  scorotron  and  in  absence  of  any  expo- 
sure  to  light.  The  charge  potential  may  be  meas- 
ured  by  a  contact-less  electrostatic  voltage  sensor 
such  as  a  TREK  model  856. 
The  potential  after  exposure  or  discharge  potential 
(VE  27)  is  defined  as  the  surface  voltage  of  the  OPC 
with  respect  to  ground  after  charging  the  OPC  fol- 
lowed  by  exposure  EEXP  The  potential  after  expo- 
sure  may  be  measured  by  a  contact-less 
electrostatic  voltage  sensor  such  as  a  TREK  model 
856 
The  bias  potential  (VB  29)  is  the  voltage  of  the 
sleeve  of  the  magnetic  roller  8  of  the  developing  unit 
5,  with  respect  to  ground. 
The  development  potential  (VDEV  30)  is  the  differ- 
ence  VDEV  =  VE  -  VB  between  the  potential  after 
exposure  VE  27  and  the  bias  potential  VB  29.  When 
this  value  is  negative,  it  is  regarded  as  'not-develop- 
ing'  and  considered  as  set  to  a  value  of  0. 
The  cleaning  potential  (VCL)  is  the  difference 
V  CL  =  V  B  -  V  c  between  the  bias  potential  VB  and 
the  charge  potential  Vc  and  is  preferentially 
regarded  as  a  fixed  value, 
the  saturation  potential  (VSAT)  is  the  residual  poten- 
tial  on  the  OPC,  after  a  charge  cycle  followed  by 
exposure  with  a  limitless  intensity  value  EEXP  For 
every  charge  potential  Vc  there  is  a  constant  value 
for  VSAT. 
toner  supply  (TS)  :  the  amount  of  toner  supplied  to 
the  developing  gap  28  per  second.  TS  is  dependent 
on  toner  concentration  TC,  doctor  blade  distance, 
speed  of  the  magnetic  roller  8,  etc. 
toner  concentration  (TC)  :  ratio  of  amount  of  toner 
to  amount  of  carrier  in  the  developing  unit  5. 
PID  controller  :  Proportional,  Integral  and  Differen- 
tial  controller,  referring  to  a  general  control  method, 
incorporating  one,  two  or  three  of  these  techniques, 
as  described  in  'Modern  Control  Engineering'  by  K. 
Ogata,  Prentice-Hall,  Inc.,  Englewood  Cliffs,  New 
Jersey. 

Measuring  Q/M 

As  described  above,  the  density  DQpc  of  the  devel- 
oped  image  on  the  OPC  can  be  measured  online  by  a 

4 
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densitometer  6.  The  development  potential  VDEV  may 
be  measured  by  a  contact-less  electrostatic  voltage 
sensor  4.  The  graph  in  Fig.  1  represents  a  set  of  values 
for  deposited  toner  mass  M/A  in  a  small,  rectangular 
image  or  patch,  homogeneously  exposed  over  its  com-  5 
plete  area  i.e.  full  density  patch.  This  deposited  toner 
mass  M/A  is  measured  for  different  toner  Concentra- 
tions  TC  and  different  relative  humidity  RH,  for  a  range 
of  values  of  the  development  potential  VDEV,  divided  by 
the  actual  toner  charge  Q/M  at  which  development  took  w 
place.  All  data  are  experimental.  From  Fig.  1  it  can  be 
seen  that  for  low  deposited  toner  mass  M/A  values 
(below  approximately  0.4  mg/cm2),  the  toner  mass  M/A 
is,  to  a  certain  extent,  independent  of  toner  concentra- 
tion  TC  or  relative  humidity  RH.  As  a  consequence,  by  75 
developing  a  full  density  patch  with  a  M/A  within  the 
range  of  e.g.  0.1  to  0.4  i.e.  the  linear  part  of  the  develop- 
ability  curve,  and  by  measuring  both  the  development 
potential  VDEV  -  indirectly  by  measuring  VE  -  and  the 
toner  mass  M/A,  the  almost  linear  relationship  between  20 
M/A  and  VDEV  /  (Q/M),  allows  to  easily  extract  charge 
information  with  a  reasonable  accuracy  i.e.  better  than 
10%.  This  is  regarded  as  being  sufficient. 

Stabilizing  developability  25 

Fig.  2  shows  the  toner  charge  per  unit  of  mass  Q/M  as 
a  function  of  toner  concentration  TC  for  different  values 
of  the  relative  humidity  RH. 

30 
-  Curve  36  represents  Q/M  =  f(TC)  for  RH  =  70  %  ; 
-  curve  37  represents  Q/M  =  f(TC)  for  RH  =  50  %  ; 
-  curve  38  represents  Q/M  =  f(TC)  for  RH  =  30  %. 

As  stated  earlier,  both  the  developing  process  and  the  35 
transfer  process  benefit  from  a  stable  charge  level  Q/M 
of  the  toner.  It  is  the  aim  of  the  process  control  to  main- 
tain  toner  charge  Q/M  at  one  level  for  all  environmental 
conditions.  The  applied  method  will  be  explained  below. 

From  Fig.  2,  it  can  be  seen  that  maintaining  toner  40 
charge  Q/M  at  one  level  would  require  a  very  wide 
range  of  toner  concentration  TC  values  to  operate  in. 
For  instance,  keeping  the  charge  at  1  0  nC/g  on  the  ver- 
tical  Q/M  axis,  requires  an  operative  range  of  3%  to  6% 
in  TC  on  the  horizontal  axis.  Extreme  toner  concentra-  45 
tion  values  lead  to  negative  effects  on  the  quality  of  the 
developer,  for  instance  shorter  lifetime,  which  have  to  be 
avoided.  Therefore,  the  target  value  of  the  toner  charge 
Q/M  is  preferably  made  dependent  on  the  actual  relative 
humidity  of  the  environment.  The  relative  humidity  RH  is  so 
preferably  measured  by  the  environmental  RH/T  sensor 
9  : 

(Q/M)target  =  a  +  b.RH 
55 

where  a  and  b  are  constants  to  be  chosen  based  on  the 
actual  characteristics  of  the  developer.  So,  by  measur- 
ing  the  toner  charge  Q/M  in  the  way  described  earlier 

and  calculating  the  target  value  (Q/M)target  based  on  the 
environmental  relative  humidity  RH,  a  closed  loop  con- 
trol  system  can  be  devised  as  depicted  in  Fig.  4.  The 
actual  toner  charge  (Q/M)actua|  is  calculated  by  the 
block  43.  The  target  Q/M  is  calculated  by  the  block  44. 
The  target  and  actual  toner  charge  are  compared  by  the 
comparator  41.  Through  a  control  algorithm  42  such  as 
a  PID  controller,  the  process  control  decides  on  which 
corrective  action  to  take  : 

add  toner  to  increase  toner  concentration  TC  ;  or, 
deplete  toner  to  decrease  the  toner  concentration 
TC.  This  can  be  achieved  by  developing  a  dummy 
image  and  dumping  the  toner  into  the  toner  waste 
box  1  0,  or  -  which  is  the  preferred  method  -  not  add- 
ing  toner  while  images  are  being  made. 

In  this  way,  toner  concentration  TC  is  always  set  at  the 
most  optimum  value  for  all  environmental  conditions. 

Stabilization  of  microscopic  gradation 

The  figures  5a  to  5f  present  the  relationship  between 
exposure  energy  EEXp  and  the  discharge  potential  VE, 
development  potential  VDEV  and  density  DTRANS  on 
paper  for  two  different  values  of  the  charge  potential 
Vc=-300  V,  -500  V. 
The  relationship  is  shown  between  exposure  energy 
EEXP  and  : 

Charge  potential  Vc,  bias  potential  VB,  potential 
after  exposure  VE  in  Fig.  5a  for  Vc  =  -  300  V  and  in 
Fig.  5d  for  Vc  =  -  500  V  ; 
development  potential  VDEV  =  VE  -  VB  for  Vc  =  - 
300  V  in  Fig.  5b  and  for  Vc  =  -  500  V  in  Fig.  5e  ; 
transmission  density  of  an  evenly  exposed  patch 
dtrans  for  vc  =  ■  300  v  in  Fi9-  5c  anc)  for  vc  =  ■ 
500  V  in  Fig.  5f. 

From  the  graphs  it  becomes  very  clear  that  the  rela- 
tionship  between  exposure  energy  EEXP  and  the  result- 
ing  transmission  density  DTRANS  changes  drastically  : 

The  minimum  exposure  energy  EM|N,  shown  in  Fig. 
5b  and  Fig.  5e,  that  will  cause  toner  to  be  trans- 
ferred  to  the  OPC  moves  from  a  value  of  about  3 
mJ/m2  (Fig.  5b  and  Fig.  5c)  to  less  than  2  mJ/m2 
(Fig.  5e  and  Fig.  5f) 
an  exposure  energy  EEXP  of  1  0  mJ/m2  on  the  OPC 
results  in  a  density  of  0.8  (Fig.  5c)  while  in  the  graph 
of  Fig.  5f  resulting  from  the  same  exposure  level 
EEXP  =  10  mJ/m2  but  starting  from  another  charge 
potential  Vc  =  -  500  V  the  density  is  about  1  .7. 

This  means  that,  as  the  charging  potential  Vc  is 
being  changed  in  order  to  maintain  the  required  density 
dtrans  as  tne  toner  charge  Q/M  and  toner  supply  TS 
change,  the  exposure  energy  levels  EEXPi  that  corre- 
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spond  to  each  of  the  microscopic  tones  lj  have  to  be 
redefined,  in  order  for  the  microscopic  gradation  to 
remain  the  same.  Several  methods  can  be  used  for 
redefining  the  exposure  levels.  A  first  way  to  do  this  is  to 
develop  a  wedge  of,  for  instance,  10  patches,  each  5 
patch  being  homogeneously  exposed  by  a  different 
exposure  energy  EEXPi,  I  =  1  ..10.  EEXPi  may  be 
expressed  in  %  of  the  available  range  EMAX  for  a  certain 
exposure  device.  The  number  of  patches  does  not  have 
to  correspond  to  the  number  of  bits/pixel  that  the  engine  w 
can  produce.  The  number  of  patches  may  be  freely  cho- 
sen  depending  on  the  required  accuracy  of  the  micro- 
scopic  gradation  calibration.  The  higher  the  number  the 
higher  the  accuracy  of  the  procedure,  as  described.  The 
wedge  may  be  preferentially  measured  online  by  the  75 
densitometer  6.  The  results  of  such  measurement  are 
presented  in  a  graph  in  Fig.  6.  The  wedge  can  be  gen- 
erated  at  start-up,  at  regular  time  intervals  after  start-up, 
or  after  a  certain  number  of  prints,  or  when  operating 
points  of  the  engine  have  changed  significantly,  or  any  20 
combination  of  these  criteria,  whatever  is  appropriate 
according  to  the  stability  of  the  engine's  components.  At 
factory  calibration  of  the  engine,  a  table  is  preferentially 
stored  in  the  memory  of  the  controlling  microprocessor. 
This  table  contains  the  required  output  values  25 
(D0pci)RQ  of  the  densitometer  6  for  each  of  the  micro- 
scopic  density  levels.  For  instance,  in  a  4  bit/pixel 
engine,  16  microscopic  density  levels  (D0pci)RQ  can  be 
produced  (including  density  0).  By  taking  the  inverse 
function  of  the  graph  presented  in  Fig.  6,  it  is  possible  to  30 
calculate  for  each  entry  DQpci  in  the  table  the  corre- 
sponding  exposure  energy  EEXPi,  as  shown  graphically 
for  one  value  in  Fig.  6.  On  the  vertical  DQpc  axis  the 
required  target  density  value  DQpc  17  is  indicated.  Via 
the  sensitometric  curve  19  in  Fig.  6  35 
D  opc  =  f(E  exp'e  max)  ■  one  can  f  inc)  tne  corresponding 
required  exposure  energy  level  18  to  achieve  the  target 
density  DQpc  17.  The  exposure  level  is  given  as  a  per- 
centage  with  respect  to  EMAX  :  the  maximum  exposure 
energy  level.  These  values  may  then  be  stored  in  the  40 
look-up  table  (LUT)  15,  located  in  the  control  electronics 
of  the  exposure  device. 

A  second  way  to  re-calibrate  the  microscopic  gra- 
dation,  is  to  expose  for  i  =  0  ..  15  to  EEXPi  but  not 
develop  a  similar  wedge  as  the  one  described  above.  By  45 
means  of  the  electrostatic  voltage  sensor  4  the  develop- 
ment  potentials  VDEVj  for  each  of  the  patches  i  can  be 
recorded.  This  allows  to  construct  a  graph  similar  to  the 
one  described  in  Fig.  6. 

Preferably,  again  at  factory  calibration  of  the  so 
engine,  the  required  development  potentials  VDEVi  are 
stored  in  a  table  resident  in  the  memory  of  the  control- 
ling  microprocessor.  By  taking  the  inverse  of  the 
recorded  function,  the  required  exposure  energy  level 
EEXPi  for  each  of  the  entries  in  the  table  can  be  found  55 
and  stored  in  a  LUT  1  5  inside  the  exposure  device. 

Having  described  in  detail  preferred  embodiments 
of  the  current  invention,  it  will  now  be  apparent  to  those 

skilled  in  the  art  that  numerous  modifications  can  be 
made  therein  without  departing  from  the  scope  of  the 
invention  as  defined  in  the  following  claims. 

Claims 

1.  A  method  for  controlling  output  density  in  an  elec- 
trophotographic  device  having  a  photosensitive  ele- 
ment,  said  method  comprising  the  following  steps  : 

establishing  a  relation  between  optical  density 
Dqpc.  development  voltage  VDEV  and  toner 
charge  Q/M  ; 
generating  on  said  photosensitive  element  an 
electrostatic  patch,  corresponding  to  medium 
optical  density  ; 
measuring  the  development  voltage  VDEV  on 
said  electrostatic  patch  ; 
developing  said  electrostatic  patch  by  applica- 
tion  of  toner,  giving  a  toner  patch  on  said  pho- 
tosensitive  element  ; 
measuring  the  optical  density  Dqpc  of  said 
toner  patch  ; 
computing,  using  said  relation,  from  said  devel- 
opment  voltage  and  said  optical  density,  the 
toner  charge  Q/M  ; 
modifying  toner  concentration  TC  in  corre- 
spondence  with  said  computed  toner  charge 
Q/M. 

2.  Method  according  to  claim  1  ,  wherein  modification 
of  said  toner  concentration  TC  comprises  the  steps 
of  increasing  or  decreasing  toner  supply  TS. 

3.  Method  according  to  any  of  the  preceding  claims, 
wherein  measuring  the  development  voltage  VDEV 
comprises  the  steps  of  : 

measuring  potential  after  exposure  VE  of  said 
electrostatic  patch  ; 
finding  bias  potential  VB  of  said  toner  supply 
means  ; 
making  the  difference  between  VE  and  VB. 

4.  Method  according  to  any  of  the  preceding  claims, 
wherein  the  step  of  modifying  said  toner  concentra- 
tion  TC  is  based  on  a  target  toner  charge  (Q/M)TAR. 
GET- 

5.  Method  according  to  claim  4,  wherein  said  target 
toner  charge  (Q/M)TARGET  is  computed  comprising 
the  following  steps  : 

establishing  a  second  relation  between  relative 
humidity  RH  and  target  toner  charge  ; 
measuring  a  relative  humidity  RH  ; 
computing  using  said  second  relation,  from 
said  measured  relative  humidity,  the  target 

6 
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toner  charge  (Q/M)TARGET. 

Method  according  to  claims  4  or  5,  comprising  the 
steps  of  : 

5 
regularly  computing  the  Q/M  and  (Q/M)TARGET 
values  ; 
using  these  values  in  a  PID  system  to  compute 
the  required  TC  change. 

10 
Method  according  to  any  of  claims  1  to  6,  compris- 
ing  the  step  of  exposing  a  plurality  of  patches  on 
said  photoconductive  element  to  different  exposure 
levels  EEXPi,  constant  within  each  patch. 

15 
Method  according  to  claim  7,  further  comprising  the 
steps  of  : 

developing  said  patches  by  application  of  toner 
;  20 
measuring  the  optical  density  of  each  patch  by 
a  densitometer  ; 
establishing  a  conversion  table  giving  exposure 
level  as  a  function  of  required  optical  density, 
based  on  said  measured  optical  density.  25 

Method  according  to  claim  7,  further  comprising  the 
steps  of  : 

measuring  the  voltage  level  of  said  exposed  30 
patches  ; 
establishing  a  conversion  table  giving  exposure 
level  as  a  function  of  required  optical  density, 
based  on  said  measured  voltage  level. 

55 
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